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neutralization likewise gave a product  probably con- 
taining a sodium ester sulfate on the hydrophil ie  
hydroxyl  and a sodium sulfonate ( IX)  on the hydro- 
phobic unsaturate.  The phenyl (X)  and napthyl ure- 
thanes (XI )  as well as the benzoate ( X I I )  and 3, 5 
dinitrobenzoate ( X I I I )  derivatives were synthesized 
according to the procedures given in Shriner and Fu- 
son (6). Additional ethenoxy units were added by  
fu r the r  condensation of I with ethylene oxide gas in 
the presence of a small amount of potassium hydrox- 
ide catalyst until  a total of 33 (XIV) ,  43 (XV) ,  and 
57 (XVI)  moles of ethylene oxide had been intro- 
duced into the molecule. 

The detergency tests on all of these substances 
were carried out according to the method of Vaughn 
and Suter  (7),  using a launderometer.  In each case 
a test mixture was prepared, using 20% by weight of 
the derivative, 20% tetrasodium pyrophosphate,  20% 
sodium tripolyphosphate,  39% soda ash, and 1% 
earboxymethylcellulose. All results were compared 
to an a rb i t ra ry  standard, taken as 100% and con- 
sisting of the above alkaline builders and 20% of the 
start ing material  I. Detergency tests, were carried out 
on 0.25 g. of each test mixture in 100 ml. of water. 
The results of these tests carried out at 140°F. a r e  
shown in Table I. 

Effect of Various Substituents on Detergency 
From the results in Table I it would seem that,  in 

general, the introduction of substituents either to the 
hydrophobic or hydrophi l ic  portion of the molecule 
reduces, the effectiveness of the product  from the de- 
tergency standpoint.  The chIorinated derivative ( I I )  
and the 3,5 dinitrobenzoate ( X I I I ) ,  on the other 
hand, seemingly possess slightly higher activity than 
the parent  polyethenoxy tallate ( I ) .  Very nlarked 
lowering in detergency was noted with those products  
V I I I  and IX where the substituents groups had pre- 
sumably entered into both ends of the molecule, 

In  particular,  the introduction of anionic groups 
into a nonionic detergent is deleterious. 0zonolysis 
of the hydrophobic groups with probable rup ture  of 
the molecule likewise produces an undesirable effect. 
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T A B L E  I 

D e t e r g e n c y  Va lues  of Bu i l t  Nonionic  Tail  Oil D e r i v a t i v e s  

D e r i v a t i v e s  of 
Polyethenoxy Tal la te  ( 1 3 )  

I .  Po lye thenoxy  Tal la te  (13 )  A 
I I .  Chlor ina ted  A 

I I I .  B r o m i n a t e d  A 
I V .  Ozonide A 

V.  Hydroxy -Fm~noxy  A 
V I .  Hydroxy -Ace toxy  A 

V I I .  Maleic  Anhydride Adduct  A 
V I I I .  Excess ive ly  Ch lo r ina ted  A-B 

I X .  Sod ium Sul fona te  A-B 
X. P h e n y l  U r e t h a n e  B 

X I .  Nap thy l  U r e t h a n e  B 
X [ I .  Benzoate, B 

X I I I .  3,5 D in i t r e be nz oa t e  B 
X I V .  Po lye thenoxy  Tal la te  ( 3 8 )  B 

XV.  Po lye thenoxy  TMlat.e ( 4 3 )  B 
X V I .  Po lye thenoxy  Tal la te  (57 )  B 

D e t e r g e n c y  Va lues  

W h i t e n e s s  Soil 
Retentio.n Remova l  

H a r d  Soft 
Water a W a t e r  

100 100 
103 104 

94 103 
75 74 
97 110 
91 104 
85 100 
57 66 
65 64 
98 106 
98 107 
91 99 

112 103 
106 101 
105 101 
103 100 

a 252 p.p.m,  h a r d n e s s .  
A. D e r i v a t i v e  of the hydrophobic  double bond  

H a r d  Soft 
W a t e r  a W a t e r  

--lo~- lOO 
100 100 
100 99 

86 90 
95 97 
96 96 
94 97 
63 76 
77 97 
96 95 
76 85 
92 94 
98 99 
99 100 
97 98 
95 96 

B.  D e r i v a t i v e  of the hydrophilic hydroxyl group 
A-B. Probab le  de r i va t i ve  of  both g roups  

Extension of the polyethenoxy chain to 57 ethenoxy 
units  decreased soil removal values of the products 
slightly but  did not adversely affect the whiteness 
retention. This is not in accord with previous resul ts  
on the shor t  chain acids (2), which showed a marked 
drop in detergency with increasing ethenoxy chain. 
I t  should be emphasized that  the experimental  error  
iu the detergency tests may be as high as ± 3% 
so that, e. g., detergency values of 98 or 102% should 
in all probabil i ty be considered equivalent to the 
standard. 
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Densities ond Viscosities of Trichloroethylene Miscellas 
of 'Cottonseed Oil, Fish Oil, ond Beef Tallow 
LIONEL K. ARNOLD, professor of chemical engineering, WILLIAM G. JUHL and 
HAROLD C. ARVIDSON JR., formerly graduate assistants, Iowa Engineering 
Experiment Station, Iowa State College, Ames, Iowa 

T H E  densities and viscosities of soybean oil 
miseellas for  three solvents, hexane, trichloro- 
ethylene, and ethylene dichloride, for  three tem- 

peratures  ha~e been reported by  Johnstone, Spoor, 
and Goss (4).  The densities of trieh]oroethy]ene mis- 
callas of wheat germ oil, cottonseed oil, and milkweed 
seed oil (2) and of methylene chloride-soybean oil 
misce]las at 25°C. (1) have been reported previously 
f rom this laboratory.  The present paper  reports data 
on the densities and viscosities of triehloroethylene 
miscellas of cottonseed oil, fish oil, and beef tallow 
for  four  temperatures.  

Experimental Methods 
The cottonseed oil was the crude oil produced by  

the extraction of prime cottonseed by  trichloroethyl- 
ene and had a density of 0.932 g. per cc. at 25°C., an 
iodine number  of 112, and a free fa t ty  acid content 
of 1.10%. The fish oil was produced by the triehloro- 
ethylene extraction of a mixed fish scrap from Cali- 
fornia 1 and had a density of 0.951 at 25°C. The 
concentrated miscella direct from the extraction proc- 
miseellas used were produced directly by  dilution of 

1 Cour tesy  of S tan ley  Hil ler ,  San  F r a nc i s c o .  
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ess rather than from stripped oil. The beef tallow 
resulted from the trichloroethylene extraction of dry 
rendered meat and bone scrap. As in the case of the 
fish oil, concentrated miscella rather than tallow was 
used in making up the miseellas. 

The densities, and viscosities of the various mis- 
cellas were determined at four temperatures: 25 °, 
35 °, 50 °, and 70°C. An Ostwald pipette, with a wa- 
ter constant of 0.0011983 at 25°C., was used for de- 
termining viscosities. Densities were determined in 
25 cc. pycnometers. A water bath controlled thermo- 
statically to within ± 0.02°C. was used to maintain 
desired temperatures. 

Results 

An examination of the results (Table I) showed 
that the viscosities in centipoises, /,, is related to the 
temperature, t, in °C. and the weight fraction of the 
oil in the mixture, x, by  the equation log ~ = ax - -  b 

T A B L E  I 

Densities and Viscosities of Various Fab-Trichloroetaaylene )Iiseellas 

MiscelIa 
(3oncen- Viscosity Density 
tration (3entipoises Gr. per cc. 
% fat 

Cottonseed Oil 

Temperature °(3. Ten~perature °O. 

25 35 50 70 25 35 50 70 

0 .00  
5 .37  
9 .94  

15 .07  
1 9 , 9 4  
3 0 . 0 3  
34 .88  
39 .91  
58 .97  

100 .00  

0 . 5 9 0  0 . 5 4 3  0 . 4 8 6  0 , 4 1 9  
0 . 7 4 9  0 .682  0 . 5 9 6  0 .501  
0 .959  0 . 8 5 6  0 . 7 3 1  0 . 5 9 6  
1 .233  1 .092  0 . 9 1 0  0 .728  
1 .547  1 .353 1 .121  0 .883  
2 . 4 0 5  2 . 0 5 3  1 .648  1 .283 
2 .953  2 .482  1 . 9 6 9  1 .484  
3 .789  3 .140  2 . 4 3 6  1 .791  
8 . 6 6 4  6 .793  4 . 9 4 3  3 . 4 3 6  

63 .12  4 1 . 4 0  2 4 . 1 5  12 .44  

1 .456  1 .438  1 .412  1 . 3 7 9  
1 .413  1 .403  1 . 3 7 9  1 .350  
1 .379  1 .361  1 .339  1 . 3 0 8  
1 .341  1 . 3 2 5  1 .307  1 .280  
1 .306  1 .293  1.274, 1 .250  
1 .248 1 .237  1 .219  1 .200  
1 .208  1 .196  1 .179  1 .157  
1 .187  1 .176  1 .160  1 ,139  
1 .096  1 .087  1 .073  1 .056  
0 .932  0 . 9 2 5  0 .913  0 ,902  

Fish Oil 

Temperature °C. Temperature "C. 

25 40 55 70 25 40 55 70 

0 .00 0 .603  0 . 5 2 5  0 . 4 6 6  0 .416  1 .455  1 .437  1 .400  1 .381  
2 .02  0 .648  0 . 5 6 8  0 . 5 0 4  0 .443  1 .439  1 .421  1 .390  1 . 3 6 4  
8 .73 0 . 9 1 6  0 .770  0 . 6 6 7  0 .563  1 .386  1 .370  1 .344  1 . 3 3 4  

14 .55  1 .240  1 .033  0 . 8 6 7  0 .718  1 .345  1 .330  1 .300  1 . 2 8 4  
18 .55  1 .550  1 .253  1 .051  0 . 8 6 4  1 .319  1 .305  1 .280  1 .259  
25 .10  2 . 0 8 2  1 . 6 5 4  1 .342  1 .090  1 .285  1 .273  1 .250  1 . 2 2 9  
2 9 . 9 4  2 . 7 1 5  2 . 1 0 5  1 .671  1 .364  1 . 2 5 4  1 .239  1 .222  1 .202  
40 .20  5 .188  3 .732  2 . 7 6 5  2 .153  1 .191  1 .179  1 .165  1 . 1 4 4  

Bee f  Tallow 

Temperature °0.  Temperature. °C. 

25 40 55 70 25 40 55 70 

0 .00  0 . 6 0 3  0 .525  0 . 4 6 6  0 .416  1 .455  1.4"17 1 .400  1 .381  
5 .26  0 . 7 4 4  0 . 6 4 5  0 . 5 6 8  0 . 4 8 4  1 .411  1 .395  1 .365  1 .342  

11 .86  0 .886  0 .818  0 . 7 0 4  0 .590  1 .368  1 .350  1 .323  1 .300  
17 .40  1 .298  1 .065  0 .905  0 .754  1 .321  1 .308  1 .281  1 .259  
2 0 . 6 7  1 . 5 7 4  1 .265  1 . 0 5 6  0 .889  1 . 2 9 4  1 .283  1 .257  1 .233  
2 6 . 7 7  2 . 1 0 5  1 .595  1 . 3 3 4  1 . 0 8 7  1 .253  1 .243  1 .218  1 .198  
30 .47  2 . 4 9 8  1 .888  1 . 5 5 4  1 .258  1 . 2 3 I  1 .220  1 .196  1 . 1 7 5  
39 .99  3 , 8 7 2  2 .731  2 , 2 1 2  1 .751  1 .172  1 .163  1 .141  1 .125  

where a and b are functions of the temperatnre. 
Equations for calculating a and b are given in Table 
II. The general equation applies with an accuracy 
of _ 2% on miscellas containing up to 40% cotton- 
seed oil and with an accuracy of ± 4% on miseellas 
containing up to 30% fish oil or tallow. It is also 
applicable to the corrected 2 data of Johnstone, 
Spoor, and Goss (4) for trichloroethylene-soybean 
oil miscellas up to 40% oil content with an accuracy 
of ± 2%, using the following values: a = 2 .205- -  
0.0079t and b = 0.133 q- 0.0036t. 

~The viscosity data in this paper were  incorrec~y calculated and 
must  be corrected by multiplying by the square of the respective 
densities ( 3 ) .  

T A B L E  I I  

Equations for Calculating Viscosities and Densities 
of F'at-Trichloroethylene Miscellas 

Viscosity, eentipoises Density, yr. per co. 
log/~ = a x - - b  D = m t q - n  

Cottonseed 0i l  

a ~--- 2 .24  - -  0 . 0 0 9 4  t m ~ 0 . 0 0 1 3 x  =-0"00167 + o .0021x  - -  

b --= 0 . 1 3 6 4 - -  0 . 0 0 3 5 3  t n z 1 . 4 9 0 5 - -  0 . 7 5 4 3 x  q- 
0 . 1 9 3 1 x  2 

Accuracy _+ 2 % ,  to 4 0 %  oil Accuracy _+ 1%,  to 60'% o~1 

Fish Oil 

a z 2 .37  - -  . 0 1 0 4  t m = - - 0 . 0 0 1 6 7  ~- 0 . 0 0 2 1 x  - -  
0 . 6 0 1 3 x  2 

b --~ .133 ~[- . 0 0 3 6  t n ~ 1 .4905  - -  0 .7543x-{-  
0 . 1 9 3 1 x  z 

Accuracy + 4%,  to 3 0 %  oil Accuracy + 1%,  to 4 0 %  oil 

Beef T, allow 

a = 2 .26  - -  . 6 1 0 4  t m ~ - - 0 . 0 0 1 6 7  + 0 . 0 0 2 1 x - -  
0 . 6 0 1 3 x  2 

b --~ . 133  -]- . 0036  t n ~- 1 .4905  - -  0 . 8 1 0 0 x  d- 
0 . 1 9 3 1 x  s 

Accuracy -4- 4 % ,  to 3 0 %  tallow Accuracy + 1%,  to 4 0 %  tallow 

The relation for density is given by D = mt -4 -n  
where D - -  density in grams, per ee. of m and n given 
in the tables. The values calculated by the equation 
have an accuracy of ± 1% for miscellas containing 
up to 60% cottonseed oil and 40% fish oil or tallow. 
The equation also applies with an accuracy of 1% up 
to 40% soybean oil to the data of Johnstone, Spoor, 
and Goss (4) .  

Discussion 

Within the limits of cmleentration and tempera- 
ture noted, the equations can be applied with excel- 
]ent aecuraey. Beyond these ]imits their acenraey i s  
somewhat less but should be sufficient for certain 
uses. The density equations may be simplified some- 
what at the expense of a small amount of accuracy 
by dropping the x 2 quantity. 

Some deviations from the data can result from the 
use of a fat or oil of the same kind but of slightly 
different properties resulting from it being derived 
from a different batch of raw material. This crude 
cottonseed oil may vary as much as 2% in density. The 
fish oil and the tallow were extracted from animal 
wastes which may vary somewhat in composition. In 
spite of these limitations the data should be satisfac- 
tory for most plant design and control purposes. 

The toxicity to cattle of. certain batches of iri- 
ehloroethylene-extraeted soybean oil meal has raised 
the question of possible toxicity of other products ex- 
tracted by triehloroethylene. Since the work pre- 
sented in this paper was a study in extraction only, 
the use of triehloroethylene as an experimental sol- 
vent should not be construed as a recommendation 
by  the authors that the product resuIting from this 
extraction is or is not suitable as a feed. 

Summary 

Data on the densities and viscosities of miscellas 
from trichloroethylene and cottonseed oil, fish oil, 
and beef tallow for four different temperatures 
are presented. Equations, with the necessary con- 
stants, are given for calculating both densities and 
viscosities. 
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