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a large majority of them have been passed as pure. A de- all fall on or near this line and, moreover, have values ap- 
tailed tabulation of all these results would require too much proaching both maximum and minimum figures. 
space, and therefore only a condensed summary of the iodine Another interesting and extremely significant point is the 
number (Wijs) and refractive index on approximately one fact that some of the highest figures were those obtained 
hundred samples, passed as pure during the past few seasons, during recent months, when oil prices were a t  their lowest, 
is included: and adulteration “to the analvtical limit” was not worth- 

>I %XIMUM MINIMUM AVERAQE 
Iodine number (Wijs) 207.0 193.3 200.4 
Refractive index a t  25’ C. 1.4818 1.4802 1.4811 

About 20 per cent of the oils included in the tabulation had 
indices higher than 1.4815, the limit suggested by Pickard, 
while none had indices below the lower limit. 

During the course of the tabulation, several interesting 
points were brought to light. The interrelation between the 
refractive index and iodine number was noted, and the two 
were plotted against each other. As is shown in the graph, 
the figures, with very few exceptions, fall within two or three 
points of a straight line. It will be further noted that the 
constants on the oils of known purity previously mentioned 

while. 
From the preceding, the rather contradictory conclusions 

are that, although in general the oils of highest quality have 
the highest iodine values and refractive indices, the constants 
of pure perilla oil (particularly the iodine value and refractive 
index) are subject to considerable variation, and low values 
do not necessarily mean adulteration. 
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HE purpose of this work is to investigate McIntosh’s re- 
action for the preparation of the resin “acrolite” ( 2 ) .  T The latter is prepared by heating for a long time a t  160- 

180” C. a mixture of 100 grams of crystalline phenol and 70 
grams of glycerol, 1 cc. of concentrated sulfuric acid being 
used as catalyst. Acrolites obtained in this way are almost 
Mack in acid media, purple in basic media, and highly hy- 
groscopic. 

The authors made attempts to improve the technical prop- 
erties of acrolite, first by using another catalyst, and second 
by varying the proportions of glycerol and phenol. Compara- 
tive experiments for the condensation of phenol with glycerol 
were carried out in the presence of various catalysts, such as 
sulfuric acid, 0-naphthalenesulfuric acid, acid potassium sul- 
fate, and magnesium sulfate. The concentration of each 
catalyst varied from 0.02 to 0.5 per cent of the total weight 
of the reaction mixture. The concentration of the reagents 
varied in the following way: from 1 mole of phenol per 1 mole 
of glycerol, t o  3 moles of phenol per 1 mole of glycerol. The 
resulting products were, however, darkly colored and highly 
hygroscopic in all cases. 

In  the process of the formation of acrolite, two main re- 
actions seem to take place simultaneously: (1) Glycerol is 
converted into acrolein which then condenses with phenol ; 
( 2 )  glycerol is converted into polyglycerides which condense 
with phenol. Both suppositions are possible, since, under the 
influence of sulfuric acid, the formation of acrolein and 
the formation of polyglycerides take place simultaneously. 
Therefore, it  is possible that acrolite is an intermediate form 
between phenol-acrolein resins and polyglyceride-phenol 
resins. Moureu has employed only basic catalysts in the 
condensation of phenol with acrolein, consequently the authors 
determined to study the influence of acid reagents on the 
condensation of phenol with acrolein. 

The first experiments with phenol-acrolein resins were car- 
ried out by Moureu, together with Dufraisse (,$). The authors 
used basic catalysts exclusively (3). Owing to their high 
elasticity, electrical stability, and the ease with which they 

can be worked mechanically, these resins were recommended 
for the molding of all kinds of electrical and radio parts. 

Kishi (1) condensed acrolein with phenol under pressure of 
30 atmospheres in the presence of salts, such as zinc chloride, 
aluminum chloride, and other salts which, on being hydro- 
lyzed, might give an acid reaction. Resins prepared by this 
method possess advantages over phenol-formaldehyde resin, 
in that they have greater elasticity and viscosity, and that 
their properties resemble those of synthetic rubber. On being 
mixed with oils, fats, and natural resins, they yield very 
viscous mixtures. 

From the Japanese patent it is not clear whether the con- 
densation of phenol with acrolein may also be carried out in 
the presence of acid catalysts under atmospheric pressure anti, 
if so, what the resulting products would be. In  this connea- 
tion, i t  was decided in these experiments t o  compare the iri- 
fluence of acid and basic catalysts on the rate of condensation 
of phenol with acrolein, and to study the kinetics of the con- 
densation process as influenced by time and temperature. 

PREPAR.4TION O F  -kCROLEIS 

;Icrolein was prepared in the following manner: 
Five-tenths kilogram of finely poir dered anhydrous acid po- 

tassium sulfate, 0.1 kg. of finely powdered anhydrous sodium 
sulfate, and 0.2 kg of anhydrous glycerol were thoroughly mixed 
in a &liter cylindrical vessel made of cop er. The vessel was 
closed, and the mixture allowed to st,and ?or 24 hours at room 
temperature. 

The reaction vessel contained three openings, one for a drop- 
ping funnel used for the addition of glycerol, the second for a 
mechanical stirrer propelled by an electrical motor, and the third 
for a condenser. The other end of the condenser was connected 
by means of an adapter to a large two-necked flask, heated on a 
water bath to 70-80” C. This flask was connected with another 
condenser, the second end of which was connected with an- 
other two-necked flask, used as a receiver for acrolein. The latter 
flask, through its second neck, was fitted with a reflux condenser, 
to the upper end of which a calcium chloride tube was attached. 

In the first condenser the circulating water was heated to  40- 
50” C.; in the second, colder water (about 17-20’ C.) was used. 
The mixture in the copper vessel (after standing for 20 to 24 
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hours) was heated on an air bath or oil bath to 195' C., and that 
temperature waa maintained throughout the whole experiment. 
The temperature in both condensers and in the middle flask was 
so regulated that a mixture of condensed water and gaseow acro- 
lein entered the flask, and chiefly gaseous acrolein left the flask. 
It was found that the best tem erature to be maintained in the 
middle flask was about 70-80" 8. 

I I I I I I 

EFFECT OF CATALYSTS ON VISCOSITY OF 

15 a0 2% 30 35 40 
D A Y S  

FIGURE 1. 
PHENOL RESIN 

(One mole of phenol per one mole of aorolein; catalysts, same as Table I) 

The second two-necked flask (the receiver) contained two 
layers, the bottom layer consisting of water, saturated with acro- 
lein, and the top layer of acrolein saturated with water. When 
only a small quantity of glycerol remained in the copper vessel, 
new portions were added from the dropping funnel so a3 not t o  
slow up the distillation of acrolein. The quantity of the cata- 
lyst mentioned above was ordinarily sufficient for the conversion 
of 3 kg. of glycerol. 

The yield of acrolein was as high as 65 per cent of the theo- 
retical amount based on anhydrous glycerol. The acrolein 
from the receiver was redistilled by means of an efficient dis- 
tilling column and was immediately used for condensation ex- 
periments. 

CONDENSATION OF ACROLEIN WITH PHENOL 

These experiments were carried on in the following 
way: a mixture of 10.2 grams of acrolein, 18.8 grams 
of crystalline phenol (1 mole of acrolein per 1 mole of 
phenol), and 0.1 gram of acid or basic catalyst was 
placed in a 100-cc. flask fitted with a stopper carry- 
ing a thermometer and reaching under the surface 
of the mixture. The flask while cooling was rapidly 
stirred and then placed on a water bath fitted with a 
stirrer; the temperature of the bath was maintained 
so as to keep the temperature of the mixture a t  20" C. 
throughout the experiment. Every day or two, before 
the completion of the reaction (i. e., before the mix- 
ture was converted into an insoluble condition), the 
following measurements were made: rate of condensa- 
tion, viscosity according to Ostwald, melting point 
according to Kraemer-Sarnow, and flow-point accord- 
ing to Ubbelode. 
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So = gravity of acetone 
t 

S = gravity of solution 
n = viscosity of mixture 

= time of efflux of solution 

The following catalysts were tested: acid potassium sul- 
fate, P-naphthalenesulfuric acid, boric acid, potassium hy- 
droxide, barium hydroxide, potassium carbonate, urea, pyri- 
dine, and hexamethylenetetramine. It was found that the 
reaction between acrolein and phenol may be carried out both 
in the presence of acid and basic catalysts. If the rate of 
condensation is to be judged by the increase in viscosity of a 
solution of the condensation product, the following catalysts 
may be considered most effective: acid potassium sulfate, 
P-naphthalenesulfuric acid, boric acid, phosphoric acid, and 
potassium hydroxide. Weak bases, such as barium hydrox- 
ide, potassium carbonate, pyridine, hexamethylenetetramine, 
and urea, influence the rate of the reaction to  a much smaller 
extent (Table I). 
TABLE I. EFFECT OF CATALYSTS ON VISCOSITY OF PHENOL 

RESINS 
(One mole of phenol per one mole of acrolein) 

CATALYBT -VISCOSITY AFTER D A Y ~ I -  7 

1. Acid potassium sulfate 1.360 1.397 1.404 1.458 1.502 1.521 
2. Potassium hvdroxide 1.403 1.406 1.413 1.421 1.448 1.470 

10 13 16 20 30 38 

3. 

4. 

5. 
6. 
7. 
8. 
9. 

10. 

Hexamethylinetetra- 
mine 

8-Naphthalenesulfuric 
acid 

Barium hydroxide 
Boric acid 
Potassium carbonate 
Urea 
Phosphoric acid 
Pyridine 

1.360 1.361 

1.358 1.375 
1.322 1.328 
1.501 1.502 
1.332 1.336 
1.382 1.427 
1.442 1.464 
1.312 1.334 

1.362 

1.388 
1.336 
1.504 
1.342 
1.423 
1.476 
1.340 

1.378 

1.395 
1.335 
1.508 
1.336 
1,502 
1.481 
1.362 

1.380 1.382 

1.407 1.413 
1.330 1.338 
1.510 1.512 
1.348 1.361 
1.507 1.508 
1.473 1.489 
1.365 1.368 

From Figure 1, where the abscissa represents time of con- 
densation in days, and the ordinate the viscosity of acetone 
solution of the resin, it may be seen that the rise of the curves 
is particularly rapid for such catalysts as acid potassium 
sulfate, potassium hydroxide, /3-naphthalenesulfuric acid, 
phosphoric acid, and boric acid; and less rapid for urea, 
barium hydroxide, potassium carbonate, and hexamethylene- 
tetramine. 

The other problems to be solved were: (1) to  investigate 
how the rate of condensation, the color of the product, and 

I 

In  order to determine viscosity, the product was dissolved 
in acetone (nine parts acetone, by weight,.per one part resin). 
Measurements were made a t  20" C., using an Ostwald vis- 
cometer. The results were found from the following relation: 

st n = no -- 
- 3 0 1 0  

where t o  = time of efflux of acetone 
no = viscosity of acetone 

DA Y 5  

FIGURE 2. MELTING TEMPERATURES OF PHENOL RESINS 
(Proportions same a8 Table 11) 

its technical properties depended on the mutual proportions 
of the reagents, if the same catalyst (acid or basic) was used; 
and (2) to investigate the influence of phenol, cresols, and xy- 
lenols on the rate of condensation and the properties of the 
final products. It was important to  solve these questions 
both from the practical and theoretical points of view, as the 
solution might lead to the preparation of technically valuable 
phenol-acrolein resins. In  the first series of experiments with 
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TABLE 11. DETERMISATION OF MELTING POINTS OF PHENOL RESINS 
PROPORTION OF PHEXOL - M E L T I N Q  POINT" AFTER DAYS: 

RESIN TO ACROLEIN 3 5 8 12 13 15 16 20 23 25 26 28 35 4% 
M o l e s  oc. O C .  OC. O C .  O C .  O C .  O C .  O C .  O C .  O C .  O C .  OC. O C .  OC. 

CATALYST, ACID P O T A S S I U N  S U L F A T E  

15 1 : l  . .  . .  . .  16 . .  20 24 . .  27 29 34 
14 1 :1 .5  . .  27 38 . .  . .  40 . .  4 2 . 5  44 . .  47 .5  . 
26 1:4 44 4 6 . 5  . .  58 60 . .  . .  61  . .  62 
13 1:5 51 5 2  54 . .  . .  69 76 . .  81 . .  60 63 
16 1 . 5 : l  . .  .. . .  . .  . .  22 26 . .  32 33  

25 1:3 32 3 7 . 5  43 . .  . .  . .  44 . .  45 49 

21 1 : 2 . 5  

9 1 : l  
Q According t o  Kraemer-Sarnon. 

CATALYST, POTABSIUN H Y D R O X I D E  

. .  . .  20 . .  24 

. .  18 18 . .  21 
C-kTALYBT, PHOSPHORIC ACID 

. .  

24 . .  

27 29 

29 31 38 

TABLE 111. DETERMINATION OF MELTING POINTS OF PHENOL RESINS 
PROPORTION OF 

PHBNOLTO -- MELTINQ POINT" AFTER DAYS: 
RESIN .4CROLEIN 4 8 12 15 17 20 23 24 26 28 30 35 

.Moles C. 0 c. c. c. c. c. c. O c. O c. O c. oc. oc. 
CATALYST, ACID POTASSIUM S U L F A T E  

15 1 : l  30 . .  37 

5 5 . 5  . .  . .  

CATALYST. P O T A S S I U N  H Y D R O X I D E  

21 1 :2 .5  . .  . .  . .  24 . .  
According to Kraemer-Sarnow. 

an acid catalyst (0.1 part by weight of acid potassium sul- 
fate), the quantitative proportions of the reagents varied in 
the following order: 1, 1.5, 3, 4, or 5 moles of acrolein per 1 
mole of phenol; and 1,  1.5, 2, 3.5, or 5 moles of phenol per 1 
mole of acrolein. I n  the second series of experiments with a 
basic catalyst (0.1 part by weight of potassium hydroxide), 
the quantitative proportions of the reagents were the follow- 
ing: 1, 2.5, or 5 moles of acrolein per 1 mole of phenol; and 
1, 1.5, or 2 moles of phenol per 1 mole of acrolein. 

The mixtures, according to the above-mentioned quantita- 
tive proportions, were thoroughly shaken in air-tight flasks 
that were placed in a cooling bath where the temperature was 
regulated so as to keep the reaction mixture a t  20' C. The 
rate of condensation was measured. The results are given in 
Tables 11-IV. 

These experiments show that the rate of condensation in the 
presence of acid potassium sulfate increases with the increase 
in the quantity of acrolein, and reaches its maximum when the 
proportion is 5 moles of acrolein per 1 mole of phenol. In  the 
presence of potassium hydroxide the maximum is reached 
when the proportion is 2.5 moles of acrolein per 1 mole of 
phenol. With a further increase of acrolein from 2.5 to 5 
moles per 1 mole of phenol, in the presence of potassium 
hydroxide, the rate of condensation decreases considerably, 
so that the resinous product even in a month's time is still 
half liquid with a sharp smell of acrolein. The color of the 
condensation product is also different, depending upon the 
mutual proportions of the reagents: products with an acid 
catalyst and 5 moles of acrolein, and products with a basic 
catalyst and 2.5 moles of acrolein stand out because of their 
lighter color; the darkest products were obtained when more 
than 1 mole of phenol was used per 1 mole of acrolein. 

In Figure 2 the ordinates represent the melting tempera- 
tures according to Kraemer-Sarnow for products with an acid 
catalyst, and the abscissas the time of condensation in days. 
This figure shows that the curves rise rapidly with the increase 
of the quantity of acrolein per 1 mole of phenol; and, vice 
versa, with a decrease of acrolein they become more gradual. 
This same order may be observed in the temperatures of the 
falling of drops, according to Ubbelode (Figure 3). 

The change in viscosity for products prepared in the pres- 
ence of acid and basic catalysts is shown in Figure 4. The 
ordinates represent the viscosity of the solution of resins, and 
the abscissas, the time in days. I t  may be seen from Figure 

29 . .  30 . .  31 32 3 4  

4 that a t  first the curves rise more rapidly for products with 
an acid catalyst; but later, during the course of condensation, 
these curves become more gradual and almost parallel to the 
abscissa axis. The curves for basic catalysts a t  first rise more 
slowly, but, when the reaction is nearly ended, their steep- 
ness rapidly increases. Such results coincide with those ob- 
tained for phenol-formaldehyde resins by Novtik and Cech (6). 

, It is interesting to note that the maximum rise with an acid 
catalyst may be observed in the curve for a resin prepared 
from 5 moles of acrolein per 1 mole of phenol, and with a basic 
catalyst for a resin prepared from 2.5 moles of acrolein per 1 

DA Y 5  

FIGURE 3. DROPPING TEMPERATURES OF PHENOL RESINS 
(Proportions eame as Table 111) 

mole of phenol. The elementary composition of the resin, 
prepared by condensing 1 mole of phenol with 5 moles of 
acrolein in the presence of acid potassium sulfate, varied 
depending on the purification of the resin. A resin, twice pre- 
cipitated by water from an acetone solution and dried a t  50 O C. 
under reduced pressure a t  65 mm., showed the following com- 
position: carbon, 56.20 per cent; hydrogen, 6.66 per cent; 
and oxygen, 37.14 per cent. The same resin precipitated 
by water from an alcohol solution and dried under the same 
conditions showed: carbon, 61.47 and 61.80 per cent; hydro- 
gen, 6.32 and 6.32 per cent; and oxygen, 32.21 and 31.88 
per cent. The resin residue insoluble in alcohol showed: 
carbon, 50.96 per cent; hydrogen, 6.96 per cent; and oxygen, 
42.11 per cent. 
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CONDEKSATIOS OF ACROLEIS 
WITH HOMOLOGS OF 

PHENOL 
Engl i sh  tricresol was di- 

vided by distillation in two 
f r a c t i o n s ,  bo i l ing  a t  195- 
200°, and 200-205' C., re- 
spectively. Resins were pre- 
pa red  f rom them by the 
same method as was used for 
phenol. 

T h i r t y - t h r e e  grams of 
acrolein (7 moles of acrolein 
per 1 mole of cresol), 12.96 
grams of the cresol fraction, 
and 0.1 gram of acid potas- 
sium sulfate or po ta s s ium 
hydroxide were thoroughly 
mixed  on a w a t e r  b a t h ,  
where the temperature was 
maintained so as to keep the 
reaction mixture a t  20' C. to 
the end of the reaction,and 
a little longer for the time 
necessary to determine the 
melting point according to 
Kraemer-Sarnow and Ubbe- 
lode, and the viscosity in a c e  
tone solution. 

The products with an acid 
catalyst ha rdened  on the 
second day, but a complete 
absence of acrolein smell was 
obse rved  only on the fifth 

FIGURE 4. CWGE IN VISCOSITY OF PHENOL RESINS 
(Proportions same as Table IV) 

day. The resins were of a light yellow color. 
The products with a basic catalyst (potassium hydroxide) 

hardened in 1.5 days, but complete absence of acrolein smell 
was observed after 7 days. The color of the resins was dark 
yellow. 

"f 30 v 
.4 8% 
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FIGURE 5. DETERMINATION OF MELTING POINTS OF 
XYLENOL AND CRESOL RESINS WITH ACID CATALYST 

(Proportions same aa Table V) 

OA YS 
FIGURE 7. DETERMINATION OF DROPPING POINTS OF 

XYLENOL AND CRESOL RESINS WITH ACID CATALYST 
(Proportions same BI Table VI) 

The results of the deter- 
mina t ion  of the me l t ing  
points according to  Kraemer- 
Sarnow for cresol resins are 
shown in Table V and Fig- 
ures 5 and 6. 

The mixture of xylenols 
was obtained from the higher 
fractions (boiling point, 185- 
250' C.) of purified phenols 
from coal tar. Purification 
cons is ted  in t r e a t i n g  the 
fractions with a small quan- 
tity of formaldehyde and sul- 
furic acid in order to get rid 
of thio-compounds, and then 
fractionating them between 
190-250" C., the d i s t i l l a t e  
being dissolved in a 10 per 
cent solution of sodium hy- 
droxide  and washed  with 
ether and benzene to get rid 
of hydroca rbons .  F r e e  
phenols were  i so la ted  by 
pass ing  c a r b o n  d ioxide  
through an alkali solution, 
and were s e p a r a t e d ,  dried 
with sodium sulfate, and dis- 
tilled. 

The fractions boiling a t  
200-210" and 210-220" C. 
were condensed  under the 
conditions previously men- 
tioned. Mix tu res  of 14.32 

grams of the xylenol fraction and 33 grams of acrolein (5 
moles of acrolein per 1 mole of xylenol) with an acid catalyst 
were converted into a hard resin on the second day, the 
acrolein smell disappearing on the fifth day. The color of 

32 
B 

e $ 
$ 

4 
8 2 

e 
b 
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FIGURE 6 .  DETERMINATION OF MELTING POINTS OF 
XYLENOL AND CRESOL RESINS WITH BASIC C.4TALYST 

(Proportions same a8 Table V )  

I? 

t 
DAYS 

FIGURE 8. DETERMNATION OF DROPPING POINTS OF 
XYLENOL AND CRESOL RESINS WITH BASIC CATALYST 

(Proportiona same as TabIe VI) 
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TABLE IV. DETERMINATION OF VISCOSITIES OF PHENOL RESINS 
PROPORTION OF 

PHENOLTO , VISCOSITY AFTER DAYS: 
RESIN ACROLEIN 3 7 8 10 12 13 14 18 20 23 27 28 30 33 38 

Moles 
CATALYST, ACID POTASSIUM SULFATE 

15 1:l . . .  . . .  1.362 . . .  1.412 . . .  1.475 . . .  1.547 ... . . .  1.560 1.581 ... . . .  14 1:1.5 . . .  1.382 . . .  1.425 1.'450 1.477 . . .  1.495 1.515 . . .  
25 1:3 11468 . . .  1.472 ... 1:482 1:494 . . .  1:508 1.528 ... ... ... ... . . .  
26 1:4 1.425 . . .  1.512 . . .  1.582 1.594 . . .  1:599 1.608 . . .  . . .  . . .  
16 1.5:1 ... . . .  1.341 i : 4 i 2  . . .  ... 1.459 . . .  1.566 ... 
17 2:l ... 1.319 . . .  1.433 . . .  1:462 1.508 ... . . .  
18 3.5: l  . . .  . . .  1.314 1:%2 . . .  . . .  1.409 ... 1.428 ... , , . 1.440 1.457 , , . 
19 5: l  . . .  . . .  1.302 . . .  . . .  . . .  1.351 . . .  1:360 1.364 ... . . .  . . .  1.349 . . .  

13 1:5 ... . . .  1.470 . . .  . . .  i : 5 i 5  . . .  1.582 1.626 ... i : i is  1:643 . . .  
1:580 1.593 . . .  . . .  1.540 1.566 

... . . .  . . .  

CATALYST. POTASSIUM HYDROXIDE 

20 1:6 . . .  1.214 . . .  . . .  1.234 . . .  
21 1 2 . 5  . . .  1.161 . . .  . . .  1.201 . . .  
22 1:l . .  1.221 . . .  . . .  1.242 . . .  
23 1 .5 : l  . . .  1.250 . . .  . . .  1.281 . . .  
24 2: l  . . .  1.266 . . .  . . , 1.296 , , . 

the products was pale yellow. With a basic catalyst (potas- 
sium hydroxide) the product hardened in 1.5 days, and the 
acrolein smell disappeared after 6 days. The color of the 
products was pale yellow. 

The results of the determination of melting points and vis- 
cosities of resins in acetone solution are shown in Tables 
V-VII, and Figures 5-10. 

I I I I I I I I 1 1 1 -  

FIGURE 9. DETERMINATION OF VISCOSITIES OF XYLENOL 
~ N D  CRESOL RESINS WITH ACID CATALYST 

(Proportions Rame aa Table VI I )  

From these figures it may be seen that the maximum rate of 
condensation belongs to the resin prepared from acrolein and 
the higher-boiling fraction of xylenol, and the minimum rate 
to  the resin prepared from acrolein and the lower-boiling frac- 
tion of tricresol. 

CHARACTERISTICS OF PRODUCTS 
All the resins prepared, before gelatinization in stage A,  

readily dissolve in acetone, in benzene, and in a mixture of 
alcohol and benzene; partly dissolve in methyl and ethyl 
alcohols, and in ether; and difficultly dissolve in turpentine, 
flax oil, and aliphatic hydrocarbons. Like phenol-formalde- 
hyde resins, these resins may be converted into an infusible 
and insoluble condition (stage C) only if the quantity of 
phenol does not exceed 1 mole per 1 mole of acrolein. The 
rate of conversion into stage C varies according to  the kind of 
catalyst used and the proportions of phenol and acrolein, as 
shown in Table VIII. 

The rate of polymerization was determined by heating resin 

... 1.255 . . .  . . .  1.314 . . .  . . .  ... 1.420 . . .  . . .  . . .  1.259 . . .  1.316 . . .  . . .  1.521 . . .  1.263 ... . . .  1.319 . . .  ... . . .  1.498 . . .  1.291 . . .  . . .  1.336 . . .  . . .  . . .  1.470 . . .  1.304 . . .  , . , 1.368 . , . . . .  . . .  1.452 

films on glass to 180-190" C. in a thermostat, and subse- 
quently dissolving the film in a hot mixture of alcohol and 
benzene. In case of complete conversion into stage C, the 
film remained insoluble; in case of partial conversion, there 
was a partial solution. In  this way it mas found that the most 
rapid polymerization was shown by resins prepared from xy- 
lenol when the proportion was 5 moles of acrolein per 1 mole 
of xylenol, and when potassium sulfate was used as a catalyst. 
Phenol came next with the same catalyst and the same pro- 
portion of reagents. Polymerization is much slower for 
phenol when the proportion is 4 moles of acrolein per 1 mole 

TABLE V. DETERMINATION OF MELTINQ POINTS OF XYLENOL 
AND CRESOL RESINS 

5 MOLES 
ACROLEIN 

P E R  1 r M E L T I N Q  P O I X T ~  AFTER D4rs ___ 7 

O C .  O C . O C . O C .  O C .  O C .  O C .  oc. 
RESIX MOLEOF: 1 2 4 7 9 10 11 14 

CATALYST, ACID POTASBIOM SULFATE 

35 Xylenolb 56 
36 Xylenolc 48 
37 Cresold 52 

58 62 65 65.5 66 66 
56 57 58 59 59 59 
56 56.5 57.5 . .  58 59 .5  

38 Cresola 54 . . 59 61 64 64.5 . . 65 
CATALYST, POTASSIUM HYDROXIDE 

31 Xylenolc 66 .7  67 69 74 .. 75 .. 76 
32 Xylenolb 57.5 62 64 67 . . 69 . . 74 
33 Cresold 57.5 60 62 65 . .  66 . .  67 
34 Cresols 61.5 65.5 66 66.5 . .  68 . .  70 
0 According to  Kraemer-Sarnow. 
b 200-210° c. 
d 195-200° C.  

e 210-220° c. 
e 200-205° C. 

TABLE VI. DETERMINATION OF DROPPING POINTS OF XYLENOL 
AND CRESOL RESINS 

5 MOLES 
ACROLEIN PER 1 DROPPING P ~ ~ I N T ~ "  AFTER DAYS:- 

" C .  O C .  O C .  o c . O c . = C .  O C .  O C . Q C .  
RESIN MOLEOF:  1 2 4 I 8 9 10 11 14 

CATALYST, ACID POTASSIUM SULFATE 

35 Xylenolb 56 . .  58 62 .. 64 . .  66 69 
36 Xylenolc 40 . .  52 56 .. 58 . . 60 62 
37 Cresold 52 . .  54 55 .. 57 . .  59 61.5 
38 Cresola 54 .. 57 60 .. 62 . .  63 64 

CATALYST, POTASSIUM HYDROXIDE 

31 Xylenolc 69 69 .5  72 .. 76 .. 77 78 
32 Xylenolb 73 .5  76 76.5 .. 77 .. f j . 5  . .  78 
33 Cresold 60 .5  67 68 . .  69 . .  70 73 
34 Cresols 68 69 .5  70 . .  71 . . . .  f i  71 .5  
a .iccording to Ubbelode. 
b 200-2100 c. 
d 195-200' C. 

c 210-2200 c. 
e 200-205' c. 

T.4BLE VII. DETERMIXATION OF I'ISCOSITIES OF XYLENOL ASD 
CRESOL RESINS 

5 MOLES 
.kCROLEIN 

P E R  1 
MOLE - \'ISCOSITY 4FTER DAYS: 

RESIN OF: 1 3 5 7 9 10 11 12 14 
CkTkLlST. ACID POT4SSIUM SULFATE 

35 Xylenoln 1.352 1.410 . . .  1.466 1.470 . . . . . .  1.476 1.483 
36 Xylenolb 1.412 1.425 . . .  1.444 1.454 . . . . . .  1.463 1.471 
37 Cresolc 1.367 1 .403  1.447 1.452 . . .  1.456 1.463 
38 Cresold 1.375 1.418 . . .  1.455 1.462 1:465 . . . . . .  1.471 

. . .  

CATALYST, POTASSIUM HYDROXIDE 

31 Xylenolb 1.523 1.551 1.556 1.594 . . . . . .  1.600 . . .  1.615 
32 Xylenola 1.481 1.491 1.492 1.513 . . . . . .  1.520 . . .  1.546 
33 Cresolc 1.402 1.472 1.480 1.495 . . . . . .  1.501 . . .  1.527 
34 Cresold 1.412 1.505 1.522 1.545 . . . . . .  1.551 . . .  1.565 
Q 200-210° C. 
c 195-200' C.  

b 210-220° C. 
d 200-205° C. 
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made of these lacquers are quite satisfactory, and, a t  any rate, 
are not worse than those made of Bakelite. A great deal de- 
pends on the method of preparation of the lacquers and on the 
solvent and plasticizers used. Table IX shows the results 
obtained in this laboratory with films of Bakelite, phenol- 
acrolein (resins 13, 25, 26), xylenol-acrolein (resin 31), and 
cresol-acrolein (resin 34). Cresol- and phenol-Bakelite resins 
were made using ammonia as catalyst. The data on elec- 
trical properties were determined from films (on cigarette 
paper) after drying a t  80" C. (but not polymerization), and 
after complete polymerization (at 80" C.). Polymerized films 
were tested immediately after heating and after immersion 
for 24 hours in water, in ammonia solution (15 per cent), in 
hydrochloric acid solution (1 per cent), in potassium hydrox- 
ide solution (1 per cent), and after remaining in water vapor 
for 24 hours. 

S u M M A R Y 

DAYS 
FIGURE 10. DETERMINATION OF VISCOSITIES OF XYLENOL 

AND CRESOL RESINS WITH BASIC CATALYST 
(Proportions same as Table VII) 

of phenol. When a basic catalyst (potassium hydroxide) is 
used, and the proportion is 2.5 moles of acrolein per 1 mole of 
phenol, polymerization goes on still more slowly. 

Preliminary experiments showed that phenol-acrolein resins 
may be used for the preparation of insulating lacquers. The 
tensile strength and the volume and surface resistance of films 

1. The rate of condensation with an acid catalyst reaches 
its maximum when 5 moles of acrolein per 1 mole of phenol 
are used, and with a basic catalyst when 2.5 moles of acrolein 
per 1 mole of phenol are used. 

2. With an acid catalyst, the course of condensation is 
rapid a t  first, but slows up toward the end of the reaction 
(stage B )  ; the curves plotted for these rates become almost 
parallel to the abscissa axis. 

3. With a basic catalyst, the rate of condensation is slow a t  
first, but toward the end of the reaction (stage D) the curves 
for the rates rise rapidly. 
4. In the case of cresols and xylenols, the resins have a 

higher melting point (in stage B )  than in the case of phenols. 
5. Xylenol-acrolein resins show a higher rate of conversion 

into an infusible and insoluble condition than other resins. 
6. Phenol-, cresol-, and xylenol-acrolein resins may be used 

for electro-insulating lacquers just as well as Bakelite. 

TABLE VIII. EFFECT OF CATALYST ON COXVERSION OF RESINS INTO STAGE C 
5 bf0LES ACROLEIN 4 MOLES ACROLEIN 2.5 MOLES ACROLEIN 6 MOLES ACROLEIN 5 MOLES ACROLEIN 

PER 1 MOLE XYLENOL PER 1 MOLE PHENOL PER 1 MOLE PHENOL PER 1 MOLE PHENOL PER 1 MOLE XYLENOL 
TIME OF HEATING IN PRESENCE OF IN PRESENCE OF IN PRESENCE OF IN PRESENCE OF IN PRESENCE OF 

AT 180-190' C. KHSOI~  KHSOd KOHC KOHd KHSOI' 
30 sec. Partial conversion into No polymerization No polymerization No polymerization Almost complete conversion 

60 sec. Complete conversion No polymerization No polymerization No polymerization Complete conversion 
120 8ec. Complete conversion No polymerization No polymerization No polymerization Complete conversion 
180 sec. Complete conversion No polymerization No polymerization No polymerization Complete conversion 

6 min. Complete conversion No polymerization No polymerizat!on No polymerization Complete conversion 
10 min. Complete conversion No polymerization No polymernatlon No polymeriaatjon Complete conversion 
20 min. Complete conversion No polymerization No polymerization No polymerizatlon Complete conversion 
40 min. Complete conversion No polymerization Complete conversion Complete conversion Complete conversion 

stage C into stage C 

a Resin 13. b Resin 26. c Resin 21. d Resin 31. e Resin 35. 

TABLE IX. PROPERTIES OF RESIX FiLius 

,--- RESIN-- 

31 Xylenol-acrolein 
34 Cresol-acrolein 
25 Phenol-acrolein 
13 Phenol-acrolein 
26 Phenol-acrolein 
. .  Cresol-Bakelite . .  Phenol-Bakelite 

31 Xylenol-acrolein 
34 Cresol-acrolein 
25 Phenol-acrolein 
13 Phenol-acrolein 
26 Phenol-acrolein 
. .  Cresol-Bakelite 
. .  Phenol-Bakelite 

31 Xylenol-acrolein 
34 Cresol-acrolein 
25 Phenol-acrolein 
13 Phenol-acrolein 
26 Phenol-acrolein . .  Cresol-Bakelite 
, . Phenol-Bakelite 

a K / V .  

AFTER POLYAIERIZATION 
AFTER DRYING Immediately After soaking in After soaking in After soaking in After staying 

. 4 ~  80' c. after heating 1% HC1 soln. 1% NaOH soln. 15% NHI soln. in water vapor 
Ohmslcrn.2 

3.52 X 1010 
1.14 X 1012 
6.07 X 10'2 
3.99 x 10'2 
1.74 X 10'0 
1.14 X 10'2 
1.9 x 10'8 

1.22 x 10'0 
2.25 X 101' 
1.35 X 1011 
1.06 X 10'2 

. . . . . . . . . 
8.46 X 10'2 
1.68 X 10" 

Cm. 
36.6 
38.2 
31.0 
47.6 
37.2 
30.5 
31 9 

.. 
Ohms/cm.2 Ohmslcm.2 Ohms/cm.z 

SURFACE RESISTANCE 

8.2 x 10'0 
2.3 X 10'2 
9.4 x 10'2 
6.7 X 10'2 
4.2 X 10" 
2.14 X 10l2 
4.2 X l o i 2  

2.37 X 1O'O 
2.42 X 10" 
2.23 X 10'' 
2.64 X 10" 
1.4 X 10" 
1.01 x 1011 
1.1 x 10" 

2.76 X 1O'O 
1.24 X 1Olo 
1.09 x 10'0 
1.09 x 1010 
4 37 x 10'0 

VOLUME RBGISTAKCE 

3.1 x lo" 1.4 x 10'0 
3.2 x 10" 4.55 x 100 
2.3 x 10" 4.1s x 100 
5.3 X 10'1 1.35 X 101' 
3.4 X 10'1 3.96 X 10'0 
4.2 x 10'2 1.33 x 101' 
3.7 x 1011 3.93 x 109 

Deterioration 
Deterioration 
Deterioration 

4.08 X 100 
4.55 x 109 

. . . . . . . , . 
, , . . . . . . . 

DIELECTRIC  STRENGTH^ 

Ohms/cm.2 Ohmslcm.2 

1.79 X 1010 
1.54 X 10'0 
2.9 x 10'0 
1.13 X 10" 
4.4 x 10" 
1.34 x 10'D 
8.14 X 10'0 

1.51 X 10'0 
5.88 X 100 
1.28 x 10'0 
4.18 X 1011 
Deterioration 
Deterioration 
Deterioration 

7.12 X 1010 
3.86 X 10'0 
4.75 x 10'0 
1.11 x 10" 
6.54 X 1010 
7.25 X 1010 

2.58 x 109 

1.83 X 10'0 
6.6 
3.46 X 100 
1.83 X 101' 
3.98 X 108 
3.75 x 10'0 
6.94 x 109 

Cm. Cm. 
30.3 31.3 
30.8 30.2 
21.0 22.1 
41.2 40.0 
33.1 34.1 

27.0 
. .  26.2 

- 
After soaking 

in water 
Ohms/cm.2 

3.56 X 1Olo 
1.08 x 10'0 
9.06 X 1O'O 
1.42 X lolo 
1.97 x 10'2 
4.38 X 10" 
3s x 10" 

1.36 X loL2 
6.11 X 10'O 
6.23 X loLo 
9.5 x 10" 
9.5 x 10'0 
3.5 x 10" 
3.22 X 10'0 

Cm. 
30.3 
31.2 
22.5 
42.3 
31.8 
30.1 
34.2 
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High- Density Filtration 
JOHN P. GREVEN, Godchaux Sugars, Inc., Reserve, La. 

S THE old days of the sugar industry the mechanical 
filtration of sugar liquors was accomplished with various I types of gravity filters, such as bag filters, Danek filters, 

etc. The use of filter aid was unknown, and, as a consequence 
the rate of flow was rather slow and could be maintained only 
by carrying proper dilution, usually around 55" Brix, and high 
temperatures, usually around 190" F. When the various 
types of pressure filters came into use, filter aids were de- 
veloped subsequently, which made it possible to obtain a very 
much increased filtering rate with densities around 60" Brix 
and with lower temperatures. In  the last few years the manu- 
facturers of filter aids have perfected special materials, with 
the object in mind of increasing still more the rate of flow 
at higher densities and without sacrificing clarity. 

Since it is obviously desirable, from a steam-consumption 
standpoint, to carry concentrations of dilute products to the 
highest practical limit, it  might be of interest to  submit some 
operating details on a test run made in the refinery of God- 
chaux Sugars, Inc., in the fall of 1931. 

DETAILS OF OPERATION 

The filtering equipment a t  that plant consists of the so- 
called refinery type of Vallez filters, supplied with 70 X 80 
monel wire screens. Raw liquors and centrifugal sirups are 
filtered over the Vallez filter. It had been common practice 
for years to filter these materials a t  176" F. and 60" Brix, using 
a mixture of slow and fast filter aid. 

I n  explanation, it may serve to state here that the 
diatomaceous earth used as filter aid in the sugar industry is 
graded, according to its filtration efficiency, as slow, medium, 
and fast. Slow and fast filter aids were mixed in order to 
obtain proper clarity and speed combined. The slow filter 
aid gives the maximum clarity and minimum filter speed, and 
the fast filter aid, the minimum clarity with maximum speed. 
It was common practice to use the slow filter aid for the 
preliminary coating of the press screens and then follow this 
with fast pressure filtration, and fast filter aid. 

In  September, 1931, a test was made covering approximately 
one month of operating time, during which the fast filter aid 
was used exclusively. An orifice plate, 1 inch in diameter, 
was installed in all 4-inch liquor inlet lines to the Vallez filters 
in order to insure a very gradual pressure increase in the 
filters during the filtering cycle. This point is essential in 
obtaining satisfactory results from heavy-density filtration. 
Beyond that, no mechanical changes were made. Nothing 
but fast filter aid was used, and the density of the filtrate was 
increased to 66.5" Brix. 

Temperatures of the filtrate remained the same (176' F.), 
and pH was maintained a t  7.1 as formerly. Maximum pres- 
sure on the Vallez filters a t  the end of the cycle was 40 pounds, 
which was slightly in excess of former pressures obtained. 
Clarity of the filtrate was up to normal standards as measured 
by a modification of Tyndall's turbidimeter. The following 
tabulation indicates the advantages obtained: 

NORMAL HEAVY 
VALLEZ FILTERS DENSITY DENSITY 

Cycles per 24-hour day 38 11 
Average filtering time per cycle 
Raw sugar per cycle, tons 
Filter aid per ton melt pounds 
Corrected Brix of filtrdte 60 

2 hr., 46 min. 8 hr., 55 min. 
85 

66 .5  
6.21 2:,. 27 

Since the resulting mud cake sluiced from the Vallez filters 
is being refiltered over a set of secondary filter presses, desig- 
nated as mud presses, a brief tabulation shows results ob- 
tained there: 

NORMAL HEAVY 
.\lUD PEESEE6 DENSITS DENSITY 

Press cycles per day 15.2 11 

Sucroee loss per ton melt, pound 0 . 1 4  0.10 

Average filtering time per cycle, hours 3.86 6.62 
Press mud per ton melt, pounds 20.67 11.87 

Here again the advantage of heavy-density filtration shows 
up clearly in an extension of press cycles, with resulting 
reduction in sugar losses and production of light sweet 
water . 

Following the changes produced through subsequent char 
filtration, it was noted that, owing to the heavier concentration 
carried, it was possible to handle the same volumes of melt 
over one less char filter, making this char filter available for 
other purposes. Ash and color removal in char showed an 
increase with heavy-density filtration, as might be expected 
because of higher concentration of nonsugars. An increase 
was noted in the time required to  sweeten off the char filters, 
owing to  heavy-density filtration, resulting in an excess 
production of concentrated sweet water per ton melt. This 
was particularly noticeable in the fine grist char. 

SUMMARY 

Raw liquor can be safely filtered, using high speed 
filter aid exclusively, a t  66-67 O Brix density without a sacrifice 
of clarity. 

1. 

2. Advantages of high-density filtration are: 
a. Economies resulting from reduction in fuel used, reduc- 

tion in filter aid used, reduction in sucrose losses, and reduced 
maintenance of filter equipment. 

b. Increased capacities of mechanical filtration, char 
filtration, and subsequent evaporation processes. 

3. The disadvantage of high-density filtration is the in- 
creased sweet water production in the char house, but this is 
not sufficient to offset the advantages obtained. 
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