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4. Phenolphthalein indicator. Dissolve 1 g. of phenolphthal- 
ein in 100 ml. of alcohol. 

C. Procedure 
1. Dissolve the appropriate amount of KOH (35 g. for 0.5 

N; 14 g. for 0.2 N) in 20 ml. of distilled water and 
dilute to a liter with alcohol in an alkali resistant bottle. 
Mix well and allow to stand overnight. Decant the clear 
supernatant solution into a brown glass bottle with a 
rubber stopper without exposure to carbon dioxide. 

2. Weigh accurately sufficient dried KHC,~H~O~ to require 
about 40 ml. of the potassium hydroxide solution to be 
standardized and transfer it to a 300-ml. flask that has 
been swept free of CO_~. Add 50 ml. of cool CO:-free 
water. Stopper the flask and swirl gently until the 
KHCsH~O~ is dissolved. 

3. When the sample is in solution, add 3 drops of phenol- 
phthalein indicator aud titrate to the first persistent 
faint pink color w{th the solution to be standardized, 
taking precautions to exclude CO..,. 

4. Determine the quantity of the potassium hydroxide solu- 
tion required to produce the same pink phenolphthalein 
end point in another flask containing the indicator and 
the same volume of COf-free water. Subtract the amount 
from that used in the first titration. 

5. Calculate the normality of the standard solution by the 
following equation : 

Grams of KHCsH,O~ 
Normality - -  

M1. of KOH X 0.20422 

Recommendations 

T H E  repor ts  of the subcommit tees  and  the speci- 
fications for  the p r e p a r a t i o n  of the most used 

s t a n d a r d  solut ions have been  reviewed by  the Seed 
and  Meal Ana lys i s  Committee.  I t s  r ecommenda t ions  
are : 

1. Tha t  the recommenda t ions  of the Subcommi t tee  
on the Ana lys i s  of T u n g  F r u i t  a n d  Meal be 
adopted.  They  are 
a) That method Ad 1-48 for sampling tung fruit be 

revised to include sampling of hulled tung fruit and 
be continued tentative. 

b) That method Ad 2-48 for the (tetermination of mois- 
ture in tung fruit be revised to include the determi- 
nation of moisture in hulled tung fruit, made official, 
and designated as Ad 2-52. 

c) That method Ad 3-48 for the determination of oil in 
whole tung fruit be made official and designated as 
Ad 3-52. 

d) That method Ad 4-48 for the physical analysis of 
tung fruit be made official and designated as Ad 4-52, 

e) That method Ad 5-48 for the determination of oil in 
tung kernels be made official and designated as Ad 
5-52. 

f) That the proposed method for the determination of 
oil in hulled tung fruit be adopted as tentative and 
designated as Ad 6-52. 

2. Tha t  the r ecommenda t ions  of the Subcommi t tee  
for  the Ana lys i s  of Castor  Beans  a n d  Pomace 
for the adopt ion  of methods  for  the analys is  
of castor beans  a nd  pomace as t en ta t ive  be ac- 
cepted. The methods involved are 

a) Determination of moisture and volatile matter ill cas 
tor beans. 

b) Determination of oil in castor beans. 
c) Determination of free fatty acids in castor beans. 
d) Determination of moisture and volatile matter in cas- 

tor pomace. 
e) Determination of oil in castor pomace. 

3. Tha t  the proposed specifications for  the prep-  
a r a t i on  of s t a n d a r d  solut ions for  vo lumet r ic  
analys is  be adopted.  They  are those for  the 
s t anda rd i za t i on  of 

a) Sodium hydroxide solution, 
b) Sulfuric acid solution, 
e) Hydrochloric acid solution, and 
d) Alcoholic potassium hydroxide. 

These recommenda t ions  have received the u n a n i -  
mous approva l  of the committee wi th  the except ion 
tha t  two members  voted aga ins t  the specifications for  
the s t anda rd i za t i on  of the acid solut ions b y  use of 
acid potass ium phthala te .  They  have a s t rong  pref-  
erence for the use of sodium borate .  
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Effects of Heat on Crude Peat Wax 
A. SUNDGREN and VEIKKO T. RAUHALA, Peat Technical Laboratory, 
The State Institute for Technical Research, Helsinki, Finland 

I T has been  observed tha t  the y ie ld  of b i t u m e n  ex- 
t r ac ted  f rom peat  depends  on the t e m p e r a t u r e  at 
which the peat  has been dried,  a n d  S u n d g % n  (6) 

has repor ted  t ha t  d r y i n g  at  a t e m p e r a t u r e  of only  
100-105 ~ reduces the yield.  I n  this  pape r  b i t u m e n  
refers  to the ma te r i a l  ext rac ted  f rom peat  with a hot 
n e u t r a l  solvent  u n d e r  o r d i n a r y  pressure,  which con- 
t a ins  m a i n l y  waxes and  resins. Crude  wax is the p a r t  
of b i t u m e n  left  when  the crude resins  are separa ted  
f rom it. 

Stadnikoff  a n d  coworkers (4, 5) repor ted  tha t  the 
so lub i l i ty  of peat  b i t u m e n  in  ce r ta in  solvents de- 
creases when  the ma te r i a l  is heated or stored for  
some time. They  expressed tile op in ion  tha t  this  
p h e n o m e n o n  is a po lymer iza t ion  process and  men-  
t ioned especial ly tha t  the crude  res in  ir~ peat  b i t u m e n  

is easily polymerized.  Zetzsche (8) calls the p a r t  of 
peat  b i t u m e n  which is difficult to dissolve " P o l y m e r -  
B i t u m e n . "  Cawley a nd  Carl i le  (1) use the t e rm " a s -  
p h a l t "  for the p a r t  of peat  b i t u m e n  insoluble  in  l ight  
pe t ro leum (B. Pt.  80-100~ a n d  the t e rm crude wax 
for the p roduc t  ext rac ted  d i rec t ly  f rom peat. 

The workers  in  the p resen t  research have repor ted  
(7) tha t  the crude  f a t t y  acids separa ted  f rom the 
crude wax of peat  b i t u m e n  behave, when  heated, in  
the same way as the b i t umen .  

As f a r  as is known,  none of the inves t iga tors  men- 
t ioned has s tud ied  closely the fo rma t ion  of this  in- 
soluble or difficultly soluble par t .  The ques t ion is of 
in teres t  not  only  as a scientific p rob lem b u t  also as 
an i m p o r t a n t  fac tor  in  the p r o d u c t i o n  of these ma- 
ter ials  f rom peat  on a commercial  scale. The Pea t  
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Technical Labora to ry  therefore has invest igated the 
influence of heat  on peat  b i tumen and especially on 
its valuable component, crude wax. While s tudying 
the cond i t i ons  under  which the insoluble product  
forms, an a t t empt  has been made to find out the 
nature  of the product.  I t  would then be possible to 
depar t  f rom the hypothet ical  terms used to describe 
the insoluble products  formed in the b i tumen and its 
crude wax, which give a wrong impression of the 
process of format ion  of this product  as well as of 
the composition of the s tar t ing material  (bi tumen or 
crude wax) .  

Experimental 
The bi tumen used in the present  investigation was 

obtained f rom Aitoneva machine-peat  b y  extraction 
with a mixed solvent, benzene-ethanol (1 :9) .  The 
ethanol was of technical grade, 94.5% pur i ty .  The 
bi tumen was divided into crude wax and crude resin 
fract ions b y  dissolving it in boiling hot ethanol and 
precipi ta t ing the crude waxes f rom the solution at 
- -7~ while the crude resins remain in the solution. 
Fo r  certain experiments  the crude wax was recrystal-  
lized f rom ethanol at +20~ and the product  thus 
obtained is hereaf ter  called purified wax. These ma- 
terials were subjected to the following tests:  

a) Hea t  t rea tment  of the b i tumen and its compo- 
nents and their  storage in air. 

b)  Hea t  t rea tment  of the purified wax in solution. 
c) Hea t  t rea tment  of the crude wax in an atmos- 

phere of nitrogen. 
d) Hea t  t rea tment  of the crude wax af ter  bonding 

of the - - O H  function. 
e) S tudy  of the decomposition products  of the heat 

t reatment .  

Heat Treatment of Bitumen in the Air. Samples 
were taken of bi tumen and of crude wax as well as of 
crude resin in ethanol to avoid heat influences by  the 
evaporat ion of the solvent. The weights of the d ry  
substances of the samples were calculated by  means 
of separate  dry-substance estimation. Table I gives 
the results of the heat t rea tment  and  the storage. 

Table I and Figure  1 show clearly that  the forma- 
tion of the p a r t  insoluble in ethanol begins at about  
60~ in crude wax and at about  80~ in purified 
wax. The crude wax is pract ical ly insoluble in ethanol 
when it has been heated for  24 hours at a tempera-  
ture  of 180 _+ 3~ In the tests it was observed that  

TABLE I 

Relations of Time and Temperature of Treatment to the Ethanol 
Insoluble Fractior~s of Bitumen, Crude and Purified 

Waxes, and Crude Resin 

Treatment E~hanol 

Time Tempera- 
ture  

24 hrs. 40+3~  
24 hrs. 60+3~  
24 hrs. 80~3~  
2 4  h r s .  1 0 0 § 1 7 6  
2 4  h r s .  1 2 0 • 1 7 6  
24 hrs. 149•176  
24 hrs. 160~3~ 
2 4  h r s .  1 8 0 • 1 7 6  

1 week 20•176  
2 weeks 20+2~ 
3 weeks 20:~2~ 

Percentage of Insoluble in Boilin 

W'ax 
Bitumen _ _  

Crude Purified 

0 f) . . . .  
0 2.8 .... 
6 , 4  1 2 . 8  b 3 . 1  

3 0 , 0  a 5 8 . 9  " , b  2 7 � 9  
. . . . . . . .  5 2 . 1  
. . . . . . . .  8].8 
. . . .  9 4 . 4  
. . . . . . .  : 9 7 . 5  

o 0.3 .... 

0 . 8  1.4 . . . .  
2 . 8  1 .2  . . . .  

C r u d ~  
Resin 

0 
0 
0 

0 . 9  a 

0 
o 
0 

aWhen ethanol alone, rather  than the benzene-ethanol mixture, is used 
as  the extracting solvent, the percentages for bitumen, crude wax, and 
crude resin, after heating at 100~ are:  5.1, 21.6, and 0, respectively�9 

bWhen crude wax i~ heated at these temperatures in an atmosphere of 
nitrogen rather  than in air, the percentages insoluble in boiling ethanol 
at 80 ~ and 100~ are only 3.1 and 26.2~ respectively. 
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FIG. 1. R e l a t i o n s  b e t w e e n  t e m p e r a t u r e  of  h e a t i n g  a n d  p e r c e n t -  
a g e  of  inso lub le  in  e t h a n o l  o f  c r u d e  w a x  a n d  of  p u r i f i e d  wax .  

the same result  is obtained with crude waxes as with 
b i tumen as well as with c r u d e  res ins  if they are 
heated at a t empera ture  of 260 ___ 3~ for  2 hours. 
I f  the crude wax of peat  is thus heated either at a 
t empera tu re  of 180 • 3~ for  24 hours or at a 
t empera ture  of 260 + 3~ for  2 hours, the product  
is insoluble not only in ethanol but  also in methyl  
alcohol, ether, acetone, petrol-ether, and benzene (B. 
Pt.  80-100~ and dissolves only slightly in chloro- 
form, benzene, and toluene. 

Table I draws at tention to the fact  that  for  the 
same increase of temperature ,  the format ion of a 
p roduc t  insoluble in alcohol is greater  in crude wax 
than  in bi tumen. The crude resins, in which the in- 
soluble product  formed is small, evidently reduce the 
percentage of an insoluble component in bitumen. 

As shown in footnote a, Table I, there is less tend- 
ency for  an insoluble fract ion to fo rm when ethanol 
is used as the extract ing solvent, r a ther  than  the ben- 
zene-ethanol mixture.  

Heat Treatment of Purified Wax in Solution. Heat-  
ing purified wax in air  increased the percentage which 
is insoluble in boiling ethanol much more than  heat- 
ing in an ethanol solution at  the same temperature .  
Af te r  24 hours at 78 ( + 2 , - - 1 ) ~  the insoluble frac- 
tions amounted to 3.1% and 2.9%, but  a f ter  168 hours 
they were 58.0% and 8.9%, respectively. 

Heat Treatment in a Nitrogen Atmosphere. The in- 
fluence of the oxygen in the air  on reducing the solu- 
bi l i ty of crude wax in ethanol is shown by  data given 
in footnote b, Table I.  The increase of the pa r t  of 
crude wax which is insoluble in ethanol was less on 
heat ing in an atmosphere of nitrogen than in a i r .  
However  the format ion of this insoluble product  does 
not depend on the presence of oxygen even though 
its presence does promote the format ion of that  prod- 
uct. Since an insoluble product  forms in an atmos- 
phere of nitrogen, an a t tempt  was made to follow the 
process in crude wax by  means of the characteristic 
values. 

I t  will be observed f rom Table I I  that  the saponi- 
fication value increases very  little when the crude 
wax is heated in an atmosphere of ni trogen while 
the change of the iodine value remains within the 
limits of errors  of the method. On the other hand, 
the acid and especially the hydroxyl  values are re- 
duced considerably by  the heating. Thus, natural ly,  
the ester value increases. 
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TABLE I I  

:Effect of Heat ing Crude Wax a in a Nitrogen Atmosphere on 
Its Characteristics 

( [ ~'ac~e~sl "(s 

Acid value ~ .............................................. I 
Saponification value b .............................. 
Ester  value .............................................. 
Hydroxyl value (Witzhff) ....................... 
Iodine value (Hiibl) ............................... 

After 
Before heating, 
heating 24 hrs. at 

80 •1 7 6  

66.0 60 .7  
132.9 136.0 

66.9 75.3 
50.2 18.3 
39.4 40.0 

aThe crude wax used was prepared by evaporating the solvent at a 
temperature below 30~ 

bMethod for dark solutions, Holde, D., and Bleyb~rg, W., "Kohlen- 
stoffhle und Fette," 7th edition, p. 972, Hirschwaldsche Buchhandlung, 
Berlin, 1933 . 

The changes of the characterist ic values caused by 
the heating in a ni trogen atnlosphere indicate the 
reaction of - - C O O H  and - - O H  functions. To test 
this explanation the - - O H  funct ion was inact ivated 
by  acetylation prior  to the heat t reatment .  

Heat Treatment Af ter  Bondi~g of the - -OH Func- 
tion. Solvent-free crude wax was acetylated according 
to Witzhff 's  method (2).  A pa r t  of the product  thus 
obtained was heated in air  at a t empera ture  of 10O 

3~ for  22 befits. The acid values before and 
a f te r  heat ing were 50.5 and 49.5. Since these arc 
within the limits of e r ror  of the method, it is possible 
to conclude that  the free carboxyl  groups did not 
react dur ing the heating. 

As it now seemed tha t  when the - - C O O H  and - - O H  
functions were free they reacted to some extent be- 
tween themselves dur ing the heat  t reatment ,  a test 
was carr ied out to ident i fy  products  formed. 

The Decomposition Products Formed During tile 
Heat Treatment. Dur ing  the heating of b i tumen and 
crude wax it was observed that  gaseous substances 
were evolved and a loss in weight occurred. To obtain 
quant i ta t ive data a sample of solvent-free crude wax 
was heated in a current  of nitrogen for  48 hours, first 
at  100 • 2~ for  24 hours and then a t  150 • 2~ for  
24 hours. The sample, original weight 0.9392 g., lost 
7.8 rag., and 37.0 rag., dur ing the successive periods 
of heating. The gaseous decomposition products  were 
conducted through absorpt ion tubes filled with asca- 
r i te  and magnesium perchlorate,  both reagents of a 
quali ty used in microanalysis.  For  the two periods 
of heating the weights of water  amounted to 5.8 rag. 
and  27,0 rag., and of carbon dioxide to 0.4 nag. and 
10.0 rag., respectively. The water  was identified by  
means of anhydrous  copper sulfate. 

The results show that  at  a t empera ture  of 100~ 
spli t t ing of carbon dioxide f rom crude wax takes 
place only in a minimal  degree; on the other hand, 
at the same tempera ture  water  is generated and es- 
capes in a clearly perceptible amount.  

Discussion 

Those car ry ing  out the present  investigation (7) 
have proved the presence of hydroxy  acids in the 
crude wax of peat  and have indicated the possibilities 
of the format ion of polyesters or estolids: 

x.  H O - - R - - C O O H - - - - >  
H O - -  ( R - -  C()O) x.x-- R--COOIt-~-  (x-1) H~0 

The las t  mentioned circumstance is par t ly  supported 
by the pre l iminary  results obtained in this research. 
The decrease of the acid and hydroxyl  values caused 

by  the heat t rea tment  and the increase of ester value 
indicate this (Table I I ) .  In  addition, the slight in- 
crease of the saponification value could be explained 
by  this type of reaction (3).  The result obtained by 
the examination of acetylated crude wax obviously 
indicates the same conclusion. According to this, the 
free - - C O O H  and - - O H  functions react at least to 
some extent between themselves. 

However  in the esterification reaction the acid as 
well as the hydroxyl  values should decrease ill the 
same degree. Consequently the format ion of poly- 
esters cannot be the only sat isfactory explanation in 
this case, and it is therefore probable  that  the heat 
t rea tment  causes other simultaneous reactions in the 
crude wax of peat. For  example, the format ion of an- 
hydrides simultaneously with polyesterification would 
explain that  the hydroxyl  value decreases more than 
the acid value. 

Considering the low solubility in organic solvents of 
the product  formed by  the heat t reatment ,  the simple 
esters produced f rom monocarboxylic acids and mono- 
hydric alcohols are not a sufficient explanation of the 
solubility behavior. I t  is probable  tha t  the product  
in question consists of compounds of larger  molecular 
size. 

The above-mentioned facts, and t h e  fact  tha t  heat 
t rea tment  of crude wax at a t empera ture  below 100 ~ 
C. produces mainly  water  and liberates only an insig- 
rlificant quant i ty  of carbon dioxide, indicate that  one 
or several of the reactions taking place are of a con- 
densat ion-polymerizat ion type. At higher tempera-  
tures (beginning f rom + 150~ the format ion of 
carbon dioxide and other gases is accelerated, owing 
to the increase in the rate of decomposition typical  
of these temperatures .  

Summary 
1. On heating, there is formed in crude peat  wax a 

product  insoluble in ethanol and several other organic 
solvents. 

2. In  the crude resins of peat  b i tumen a product  
insoluble in alcohol is not formed at a t empera ture  
below 80~ while at a t empera tu re  of 100~ the 
quant i ty  formed is insignificant compared with that  
of the crude wax. 

3. When ethanol is used to extract  bi tumen,  less 
insoluble mater ial  forms on heating than when the 
benzene-ethanol mixture  is employed as the solvent. 

4. The amount  of the insoluble pa r t  formed by  
heating purified wax in an ethanol solution is less 
than by heating it in air at the same temperature .  

5. The format ion of an insoluble pa r t  in crude wax 
occurs in the absence of oxygen, but  its presence 
accelerates the rate of formation.  

6. In  the range, room tempera ture  up to 100~ one 
or more condensation-polymerization type of reactions 
take place in crude wax. 
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