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TABLE IV
Relative Whitening Effect
Brightener......cocccevirneieand I II juas v v
Untreated cotton. 100 100 100 100 100
Triazone.....c.cocovnn. . 59 49 42 74 76
Triazone (% of load 1
untreated cotton.......... 38 27 ] 25 56 58

I—Triazinylstilbene, 11— TTriazinylstiloene, Y11—Benzidenesulfone,
IV—Naphthotriazole, V—Bisbenzimidazole.

The main reason why brighteners give weaker re-
sults on wash-and-wear cotton is that they have less
affinity for this chemically modified fiber. With a
brightener, such as the triaziny! stilbene type (1),
about 25% of the initial brightener remains in the
detergent bath after the washing cycle, and approxi-
mately 25% is removed from the triazone resin-treated
fabric in the rinse cyele. Upon sequential washing,
the amount left behind becomes progressively greater.
What also contributes to the reduced effect is the fact
that most wash-and-wear cotton absorbs more UV
radiation than does untreated cotton. In addition,
wash-and-wear contains less moisture. At 656% R. H.
and T0°F. resin-treated cotton contains about 256%
less moisture than untreated cotton. Most brighten-
ers fluoresce less strongly as the moisture content of
the fabric is reduced.

We have seen that with most of the wash-and-wear
finished cotton the current optical bleaches give a
substantially reduced initial effect. This effect is re-
duced even further when the fabric is exposed to
sunlight. The loss of fluorescent intensity of most
brightener-treated resin-finished cottons is 25% to
30% greater than brightencr-treated cotton without
the wash-and-wear finish. Another fastness property
to consider 1s hypochlorite fastness. Those brighteners
which have good hypochlorite fastuess on untreated
cotton still have good hypochlorite fastness on resin-
treated cotton. Those brighteners that are poor in
hypochlorite fastness on untreated cotton are poorer
still on resin-treated cotton, especially when bleach is
added early in the washing eycle. The reason for this
reduced effect s that the brightener cxhausts more
slowly onto wash-and-wear cotton, therefore there is
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more time for it to be attacked by bleach before it
attaches itself to the fiber. Once on the fiber, the
brightener has reasonably good fastness to bleach.

All of the resin-treated fabries used in gathering
these data were prepared under controlled conditions
in our Textile Chemicals l.aboratory. The bright-
ener effect on commercial wash-and-wear cotton could
differ somewhat from our results. Factors that might
cause differences are the amount of resin solids ap-
plied, type of catalyst used, curing time and temper-
ature, and such additives as softeners, lubricants, and
hand modifiers.

Summary

More than 50% of certain classes of wearing ap-
parel, such as men’s shirts, currently being sold are
made of wash-and-wear fabric. This percentage is
expected to increase even more in the future,

The reaction products used in preparing wash-and-
wear cotton and the proposed mechanism whereby
these products modify cotton have been deseribed.

Data have been presented to show the reduced whit-
ening effect and fastness properties obtained with the
current optical bleaches on wash-and-wear cotton as
compared with untreated cotton.
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A Report on the Problem of Residual Solvent m

Solvent-Extracted Meals'

E. A. GASTROCK, J. J. SPADARO, A. J. CROVETTO, and ROSS BRIAN;? Southern Regional

Research Laboratory,® New Orleans, Louisiana

OLVENT-EXTRACTION METHODS are used for at least
S 90% of the soybeans and 30% of the cottonseed

processed in the United States. Solvent processes
are also used on flaxseed, safflower seed, rice bran, and
others. Because the process yields quality products
at a high extraction efficiency and can be operated
continuously and economically in medium-te-large in-
stallations, its use is expected to expand further.

1 Presented at the fall meeting, American Oil Chemists’ Society, Los
Angeles, Calif.,, September 28—30, 1959.

2 Qentral Soya Company, 1200 N. Second, Decatur, Ind.

3 One of the laboratories of the Southern Utilization Research and
Development Division, Agricultural Research Service, U. 8. Department
of Agriculture.

The solvent generally used is commercial normal
hexane with boiling range of 152°F. to 157°F. The
industry is well aware of the flammable nature of
this solvent. Operators of solvent-extraction plants
have adopted stringent procedures and regulations
to guard personnel and property against the hazards
of fire and explosion.

The lower explosive limit (1) (LEL) of hexane
is 1.2% of solvent vapors in air by volume, and the
upper explosive limit (UEL) is 6.9%. Such explosive
mixtures of solvent vapors and air may oceur from a
number of causes, such as spills, leaking gaskets, stuff-
ing boxes and seals, incorreet venting, inadequate con-
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densing capacity, inadequate cooling water, and high
residual solvent content of the oil and meal produets.
All of these are carefully controlled in a well-operated
plant. The last two items however are greatly affected
by the quality of the operations in the plant, and the
operator should know if the solvent content of the oil
and/or meal product is at a safe value.

In the case of the oil, the closed cup flash-point test
furnishes a satisfactory indication of oil desolventiza-
tion. This has been incorporated in the trading rules
(3). On the other hand, residual solvent in meal in
quantities sufficient to produce explosive mixtures
with air has been recognized also as an extremely
important problem from the beginning of solvent-
extraction operations. Although thousands and thou-
sands of tons of solvent-extracted meal have been
produced annually, there have been relatively few
explosions and fires. But where these have occurred,
serious loss of life and property damage have resulted.
Therefore a simple and reliable method is needed for
detecting the presence of residual solvent when it
execeeds safe limits.

Excess residual solvent in meal may be present
because of many factors, which include changes in
quality or composition of the raw material, rapid
changes in the weather, rapid inereases in the through-
put of the plant, fluctuating steam pressure, faulty or
incorrect operation of desolventizing equipment, ete.

Plant operators, in general, expect to get the maxi-
mum production through the plant. This can only be
done safely if the effects of changes in throughput
can be checked by actual measurements. The determi-
nation of residual solvent in meals thus is seen to be
a very important test.

Methods Now Being Used

The wethods currently used by the industry for
determining residnal solvent in meal ecan best be
reviewed by summarizing the findings of the A.0.C8.
subeommittee on residual solvent in meals. One of the
authors (Ross Brian), who is a member of that com-
mittee, sent a questionnaire to 83 solvent-extraection
operators. Worty-three replies were received, of which
23 indicated that they used a method for determining
residual solvent in meal and 20 stated they did not
use a method. Of the 23 only three used a quantitative
method ; the other 20 used qualitative methods. Eight
indicated that the method they used was satisfactory.
The general consensus is however that a more satis-
factory method is required.

There were two qualitative methods in general use.
a) A sample of the extracted meal is placed n a
tightly covered metal can. Size of cans, methods for
mixing the contents, and time and temperature of
equilibration varied appreciably. The lid is partially
lifted, and a small flame is inserted into the top of
the ecan. 1f a pop or flash results, it is obvious that
the residual solvent is too high. b) In the second
method a combustible gas detector, such as the MSA
(Mine Safety Appliance), is used for sampling the
atmosphere within a conveyor continuously or for
sampling the atmosphere within a jar containing a
sample. Several arrangements of the MSA in con-
veyors are used. The alarm is generally set to sound
when the concentration reaches 40% of the lower ex-
plosive limit. The main difficulty appears to be clog-
ging of the intake on account of the dusty and humid
conditions of the atmosphere within the conveyor.
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Frg. 1. Copper-cup fash-tester for meal,

Three quantitative methods were reported. a) Mois-
ture is first obtained by toluene distillation. then
mmstpre and volatile by the oven method. The ,differ-
ence is recorded as percentage of hexane. This method
is tlm‘e—consumingZ and the aceuracy obtained has not
beeI} fully determined. b) Nitrogen is passed through
a pint sample at 150°FK., then dried in two columns:
the hexane is absorbed on activated carbon. The acti.
vated carbon is weighed to determine the amount of
hexane absorbed. ¢} Another possibility is azeotropic
distillation methods. |

A method using gas chromatography has been in-
vestigated by at least one person, but 1t does not ap-
pear too attractive for mill use because of the cost of
equipment and the need for a specially trained oper-
ator. A practical method for use in solvent-extraction
plants has reportedly been developed by PPanl Van
Der Voort, of Anvers, Belginm. But to our knowl-
edge he has not as yet published the method.

There arc several methods based primarily on an-
alytical procedures that could possibly be investigated
as methods of determining both quantitatively and
qualitatively residual solvents in meals. Some exam-
ples are: a) electrical detectors; b) adsorption meth-
ods which inelude such adsorption media as silica gel
and activated carbon; and ¢) physical-chemical meth-
ods, such as use of gas interferometer, conductivity
methods, absorption of radiant energy, and vapor
pressure.

Requirements of a Method

The methods should detect percentages of solvent in
meal that are potentially dangerous. This is undoubt-
edly the theory upon which the closed-can, ““pop”’
test is based. There should be no question in any
observer’s mind that a meal which flashes or “pops;’
is potentially dangerous. Thus, if the conditions un-
der which a flash or ““pop’’ is obtained are more
conducive to the liberation of traces of solvent than
the least favorable large-scale storage or handling
conditions, there should then be confidence in the test.
A flash would then indicate an unsafe meal and no-
flash a safc meal.

Preliminary investigations by members of the sub-
committee on residual solvent in solvent-extracted
meals are showing progress.

Recent Test Methods Investigated

Jamey K. Sikes, Plains Cooperative Oil Mill, Lub-
bouk, Tex., a member of the subcommittee, has reported
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on the use of a modificd Pensky-Martens closed-cup
flash-point testing apparatus for testing meal samples
(2). DBriefly, this method detects solvent percentages
as low as 0.05% by weight. Close agreement between
duplicates was found if proper caution was exercised.
The method yields a quantitative estimation in that
the lowest flash-point temperature is related to the
solvent percentage.

A method was studied which uses a copper eup
about 3 in. in diameter and 1'% in. deep (Figure 1).
Coneentric rings made of copper tubing 2 in. and 1 in.
in diameter, respectively, and a rod 14 in. in diam-
eter at the center (all 1% in. high) furnish conducting
surfaces for uniform heating of the meal sample under
test. Because of the excellent heat conductivity of
copper the temperature gradient between various parts
of the cup is small, and no portion of the meal sample
is more than Y4 in. away from a heating surface. The
cover is made of brass, fitted with an opening for a
thermometer and a sliding dise which can be moved
horizontally to uncover a hole 3 in. in diameter,
across which a small test flame may be passed. A
gasket, Y14 in. thick which makes a scal with the outer
ring of the cup, also provides a space for solvent
fron the several annular spaces in the eup to reach
the center hole. The cup holds about 87 g. of meal
for each test.

Meal samples are prepared by pipetting hexane
into a 16 oz. jar, into which part of a 200-g. sample
ol solvent-free meal has been placed. The rest of the
meal sample to total 200 g. is then added; the jar is
tigchtly closed, shaken, and allowed to equilibrate for
1 he. at room temperature. The jar is then placed in
the freezing compartment of a household refrigerator
for at least 1 hr., along with the test cup. The cotton-
seed meal used contained 0.85% lipides and 6.2% H0.

To carry out the test, the cup is removed from the
refrigerator, wiped dry, completely filled with meal,
and closed with the cover. The thermometer 1s inserted
s0 that the bulb is centered in the meal between 1-in.
and 2-in. rings. The only air space is that formed by
the %-in.-in-diameter hole in the cover, which is 14
in. thick.

The cup is placed on two layers of asbestos wire
gauze which, in turn, rest on a hot plate which has
been operating continuously at low heat. The rate
of temperature rise is about 10°F. per minute. The
test is discontinued at 200°F. The cover disc is moved
aside, and the test flame is applied about every 60
seconds. ““Pops’ or flashes are obtained over a range
of temperatures to indicate the presence of solvent.

Experimental Results

The initial temperatures at which ‘‘pops’’ or flashes
were obtained for various hexane percentages are
shown by the solid curve in Figure 2. The lowest
hexane percentage yielding positive results was 0.04%,
but in some instances ‘‘pops’’ or flashes were obtained
at 0.039%. The initial temperatures at which flashes
were obtained by Sikes (2) are shown by the dashed
curve in Figure 2. These values are about 30°F.
higher than those reported but were not obtained
below 0.05%.

For comparative purposes 1,500 g. of meal with
the calculated volume of hexane were placed in a No.
10 size friction top can. The meal filled the can to
within 1 in. of the cover. A No. 614 rubber stopper
was fitted tightly into a smooth round hole in the
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cover. By removing the stopper and applying a flane,
vigorous flashes were obtained for hexane percentages
as low as 0.04% after keeping the cans at room tem-
perature for 1, 4, and 6 hrs. and only very slight
flashes after 24 hrs. No flashes were obtained below
0.04% hexane.

Discussion

It is believed that the test conditions used with the
coneentric ring copper cup are considerably more
severe than those likely to be attained in commercial
operations. The heating cycle should be more con-
ducive to detecting solvent than the room temperature
conditions in the closed can methods. The copper eup
method yields some quantitative estimate of the sol-
vent percentage present.

Ifor testing mill samples the copper cup could prob-
ably be used without equilibrating or refrigerating
the sample to get a quick indication. With refrigerat-
ing more time would be required, but quantitative
information might result.

[n using the closed can test for mill samples, one or
two hours of equilibrating time would probably be
needed. At the Eighth Cottonseed Processing Clinie
it was shown that if all of the solvent in a box car at
2,600-cu.-ft. volume, containing 80,000 lbs. of meal,
were volatilized and evenly diffused throughout the
air space with no loss of hexane to the outside, the
lower explosive limit would be reached with 0.0061%
hexane in meal and the upper explosive limit with
0.03499% hexane in meal.

If a standard meal is made up with a definite, low
percentage of hexane, is any portion of this small
amount of solvent so tightly absorbed by the meal or
its lipid content that the ‘‘box-car’’ assumption would
not be valid ?

Sikes (2) points out that 0.64% solvent in oil yields
a flash point at 120°F. His modified closed-cup method
requires about 0.079% solvent in meal to get a flash at
120°F. The method described in this paper yields a
flash at about 130°F. with 0.04% solvent in meal and
occasionally at 0.03%. The meal occupies nearly 1009
of the total cup-volume. It should be noted that
0.006% solvent in meal would be equal to 0.6% solvent
in the oil if the oil content of the meal is 1% and if
all of the solvent had diffused into the oil.

It appears likely that it would be difficult under
even severe storage conditions for a solvent content
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in meal as low as 0.006% to release enough solvent
to attain the lower explosive limit in any ordinary
confined storage space. This would be due mainly
to the ‘‘holding power’’ of the 1% oil content almost
certain to be present. The failure to obtain flashes
at the lower solvent percentages is probably due in
part to absorption of hexane in the oil content of the
meal.

This method is believed to provide test conditions
considerably more severe than those likely to be at-
tained in commercial operations.

The apparatus required is simple, and it should be
possible to fabrieate it in most small machine shops.
The method is not elaborate and with careful oper-
ation should yield reliable and duplicable results.
The preliminary results indicate that it may be suf-
ficiently sensitive.

Recommendations

It is recommended that this method be tried by
other members of the subcommittee and by any oth-
ers in the industry who are interested. The results
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obtained should then be subject to rigorous analysis
to determine whether the method has sufficient merit
to be considered for plant control purposes.

A drawing of the concentric ring copper cup tester
will be made available on request to those interested
in constructing a cup for experimental or control
purposes.

Summary

The hazards of excess residual solvent in solvent-
extracted meals and methods currently used for its
measurement are discussed. DPreliminary results are
reported with a simple copper-cup flash-tester with
concentric rings as heating surfaces. Solvent contents
as low as (.039% can be detected. The method is semi-
quantitative. The method may be useful for plant
control purposes.
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Continuous Refining of Crude Coconut O1l 1n a

Pressure System'

FRANK E. SULLIVAN, The De Laval Separator Company, Poughkeepsie, New York

EFINING of c¢rude vegetable oils has progressed
Rfrom the art of kettle refining as practiced 25

years ago to the science of modern continuous
centrifugal processing. This statement is commonly
accepted for such oils as soybean, cottonseed, peanut,
and corn. IlHowever when we discuss the short-chain
laurie acid oils (1) sueh as coconut, babassu, and
palm kernel, we find the general practice is still to
use the antiquated kettle method.

A study of these lauric acid oils indicates that they
are readily saponified when processed in the earlier
type of standard continuous caustic soda process with
its comparatively long mixing contact time of oil with
lye. The high excess of caustic soda over the stoi-
chiometrie amounts, as used in conventional refining,
leads to large amounts of saponification. These fac-
tors in the phase system oil-soap-water, and often-
times the added factor of entrained air when using
open discharge centrifugals, tend to form stable emul-
sions which defy efficient separation even under the
high gravitational field of centrifugal force.

With the development of the all-Hermetic continu-
ous refining process (2, 3) the problem of air entrain-
ment during separation was eliminated. After much
intensive research the other factors, such as reagent
concentration, temperature, and mixing, were deter-
mined and now may be specifically controlled to give
a high quality of refined oil and at the same time a
high refining yield.

Theoretical Background
After considerable study of the basic problem the
McBain (4, 5) phase diagrams for aqueous soap sys-

1 Presented at the 33rd Annual Fall Meeting, American Oil Chemists’
Society, Los Angeles, Calif., September 28-30, 1959.

tems were selected as a starting point. For purposes
of illustration, Figure 1 shows in part the phase be-
havior of sodium laurate, electrolyte, and water at
90°C. (6). This system with weight percentage of
anhydrous soap (sodium laurate) as the ordinate and
weight percentage of electrolyte as the abscissa is
divided into various phase areas. '

For background information the diagram will first
be described before showing its relationship to the
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