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Abietie and dehydroabietie acid is determined on 
tall oil rosin which has been subjected to some treat-  
mea t  such as disproport ionat ion or dehydrogenat ion 
to produce rosin specialties. In  general, a modification 
of the method developed dur ing World  W a r  I I  by 
the Rubber  Reserve (10) is used. A sample is dis- 
solved in either ethanol or methanol, and its absorp- 
tion is measured at wavelengths 241, 273, 276, 279, 
and 300 m/,, using a Beckman Model DU quartz 
spectrophotometer.  

Color is determined according to A.S.T.M. D 509-55, 
using U. S. government  rosin standards.  

The hardness of tall oil rosin is a good criterion for 
low fat ty-acid content. I t  is not sat isfactory for  
quant i ta t ive determinations but can be used with ad- 
vantage as a quick test for control of still operations. 
We adopted for this purpose a Precision Universal  
A.S.T.M. Penetrometer .  The rosin is poured into a 
mold consisting of a r ing 1/, in. high and 3/4 in. in 
diameter. The rosin held by the r ing is cooled to 
25~ in a water  bath, and the penetrat ion is deter- 

mined by using a penetrometer  needle, a 150-g. weight, 
and a 10-second release time. (The rosin cubes used 
for color determinations, sui tably cooled, m a y  also 
be used.) We have recommended this method to our 
friends, and it is now used by several producers  of 
tall oil rosin. The needle must  be replaced f requent ly  
to assure un i formi ty  of results. While it is a good 
qualitative method, ali efforts to make it a quanti ta-  
tive measure for  f a t t y  acid have failed because of the 
m a n y  factors tha t  influence hardness in rosin. 

Optical rotat ion is very useful  for the control of 
processing rosin by heat  t reat ing,  disproportionation,  
and dehydrogenation.  We dissolve the rosin in ehlo- 
roform and determine its rotat ion in a 1-decimeter 
tube, using a Rudolf  Model 60 Polar imeter  with a 
sodium lamp. The results are expressed as specific 
rotation. The rotat ion can also be measured on the 
solid rosin, which is poured into a special metal  and 
glass cuvette and allowed to cool The resul ts  are not 
as accurate because strains set up in the rosin dur ing 
cooling influence the rotation. 

The softening point of rosin is determined by  the 
r ing and ball method A.S.T.M. E 28-51T. 

Summary 
The pr incipal  s tandard  methods used by  the Ameri-  

can indus t ry  for  the analysis and quali ty control of 
tall  oil products  have been discussed, and some of the 
work of the A.S.T.M. in developing these methods has 
been reviewed. 

Fu r the r  growth of the tall oil indus t ry  will un- 
doubtedly result  in new products  of greater  refine- 
ment  and wider utilization. New and improved meth- 
ods of analysis will be required. These can be worked 
out by the indus t ry  in continued collaborative work 
under  the auspices of the A.S.T.M. and A.O.C.S. 
Undoubtedly  ins t rumenta l  test  methods such as infra-  
red and ultraviolet  spectroscopy and g a s  chromatog- 
r aphy  will p lay a role of increasing importance in 
the analysis of tall oil products.  
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Continuous Acidulation Process for Tall Oil Production 
FRANK E. SULLIVAN, The De Laval Separator Company, Poughkeepsie, New York 

T HE ORIGINAL ~[ETHOD for producing tall oil was 
a batch system, developed in Sweden and Fin- 
land (1) about  1905, which consisted s imply of 

react ing the black liquor skimmings with sulfuric 
acid in a large wooden tank  at tempera tures  near  
200~176 The acidified mixture  was gravi ty-  
sett led; and the upper  layer, the crude tall oil, was 

t Presented at  the Spr ing Meeting, Amer ican  Oil Chemists'  Society, 
Memphis, Tenn., April  21-23 ,  1958. 

skimmed off leaving a residue of lignin, spent sulfuric 
acid, and salt cake. Unti l  recently this batch method, 
with minor improvements,  has been the only system 
available;  and, for  that  matter ,  some companies are 
still using it (2). 

As a result  of a eooperative p rogram between New- 
por t  Industr ies  and De Laval,  a nozzle type of centri- 
fuge was installed and placed in commercial opera- 
tion in 1953 at Newpor t ' s  p lant  in Alabama. This 
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Fro. 1. Flow sheet for De Laval Continuous TM1 Oil Aeidulalion System. 

process should proper ly  be eL/ted a semieontinuous 
one since acidification is batchwise and centrifugal 
separation is continuous. Batches of black liquor 
skimmings are al ternately acidulated in the monel 
metal tanks. When one batch reaction is complete, 
the mixture  is quickly pumped from the acidulation 
reactor into the centrifuge feed tank. This feed tank 
holds the entire charge from one batch aeidulator. 
F rom the feed tank the reaction mixture  is then 
pumped to the De Laval AC-VO nozzle centrifuge 
for  the separation of tall  oil. The feed mixture to 
the centrifuge consists pr imari ly  of tall oil, spent 
sulfuric acid with salts, plus suspended lignin and 
some wood pulp fibers. Tank volumes have been fit- 
ted to reaction time and centrifuge capacity so that  
continuous centrifugal  separation is maintained. 

The reaction mixture is pumped from the feed 
tank to a vibrat ing screen, where most of the fiber 
is removed prior  to centrifuging. Since the mixture  
is batch-acidulated in large vented tanks, most of the 
reaction gases, such as mercaptans, hydrogen sulfide, 
and sulfur  dioxide, are released during acidulation. 
This system has been operating satisfactorily since 
1953 and has been producing high-quality tall  oil. 

The yield of tall oil from the black liquor skim- 
mings has consistently been greater  than 98%. By  
this we mean that  more than 98% of the available 
tall oil in the skimmings has been recovered as crude 
tall oil. 

In  a later continuous process a proport ioned 
amount of diluted sulfuric acid is continuously re- 
acted with settled black liquor skimmings. The mix- 
ture is screened, and the gases are released. I t  is 
then continuously separated into tall oil and waste 
products  in the AC-VO nozzle type of centrifuge. 

This new process was first installed during the 
spring of 1956 for a major  pulp mill in Jesup, Ga. 
The flow sheet of this continuous system is shown 
in Figure  1. I t  is schematic and represents the gen- 
eral principles of the Continuous Process (3). 

The flow may be traced as follows. Skimmings 

from the black liquor skimmers are gravity-settled 
in several large soap storage tanks (I tem 1). The 
settled soap, with as much black liquor removed as 
is practical by settling, is pumped to a soap feed 
tank (I tem 2). The soap is continuously pumped to 
processing by a variable speed, positive displacement 
pump (I tem 3). Pr ior  to acid addition, hot water 
( I tem 4) is added to reduce soap viscosity. To 
this soap-water stream, dilute sulfuric acid is added 
by a variable speed proportioning pump (I tem 5). 
This acidified mixture  immediately enters a high- 
speed mixer ( I tem 6), where the soap is int imately 
contacted with the acid and then passed to a pad- 
dle type reactor (I tem 7), where the reaction is 
completed. 

The reacted mixture  flows from the reactor to a 
continuously discharging vibrating screen (I tem 8). 
The purpose of this screen is to remove wood pulp 
fibers and also to release entrained gases from the 
reaction mixture. These gases, if not released at this 
point, reduce centrifugal  separating efficiency. 

The screened, de-gassed mixture is then pumped 
(I tem 9) to an AC-VO nozzle type of centrifuge 
(I tem 10), where the tall oil is continuously sep- 
arated f rom the other products  of reaction. The 
AC-VO's nozzle discharge, along with the water dis- 
charge over its gravi ty  ring', flows to a settling tank 
(I tem 11), which acts as a skimming basin to re- 
move the lignin, also as a source of recycle. Lignin 
floats to the surface and is discharged over a weir at 
one end with the spent acid phase. A portion of the 
clear settled liquor, dilute sulfuric acid and salts in 
solution (I tem 12), is recycled to the main feed to 
the centrifuge by the recycle pump (I tem 13). This 
recycle acts as a flushing medium to aid in removing 
lignin from the centrifuge and levels out the centri- 
fuge feed volume. 

The lignin along with the spent acid and its dis- 
solved salts is re turned to the pulp mill recovery 
system along with the black liquor settled ou t  from 
the soap tanks. The tall oil is pumped to storage for  
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use as is, or it may  be fu r the r  processed for separa- 
tion into rosin and f a t ty  acids. 

This flow sheet (F igure  1) describes the basic 
system and the principles involved in the Continuous 
Tall  Oil Process. Numerous  improvements  and vari-  
ations to this basic system have been added. 

The most valuable innovation is the use of waste 
sulfuric acid, which is available at those mills, by 
employing the sulfuric acid-chlorine dioxide pulp- 
bleaching process. We find that  this waste sulfuric 
acid is an ideal mater ial  for  acidulat ing the blaek 
liquor skimmings. However  this waste material ,  usu- 
al ly 8 to 10 N as IIeS04, contains enough chlorates 
and soluble salts to create problems in controlling 
corrosion and salt precipi tat ion dur ing  processing. 
A typical  analysis of this waste acid f rom such a 
chlorine dioxide bleaching plant  is given in Table I. 

T A B L E  I ( 4 )  
A n a l y s i s  of  W a s t e  Ac id  f r o m  C h l o r i n e  D i o x i d e  B l e a c h i n g  P r o c e s s  

S o d i u m  ch lo ra t e  ................................................. I 10 to 35 g . / l i t e r  
Total a c i d i t y  ( a s  I-I~S04) ................................... / 420  to 4 5 0  g . / l i t e r  
C h l o r i n e  a n d  c h l o r i n e  d i o x i d e  ........................... 2 to 3 g . / l i t e r  
T o t a l  s o d i u m  ~ .................................................... 1 .2 to 1 .25  g . / l i t e r  
p l : I  ..................................................................... 0 .1 
Spec i f ic  g r a v i t y  a t  6 0 ~ 1 7 6  .. . . . . . . . . . . . . . . . . . . . . . . . . . .  1 .40  to 1 .45  
~ I e t h a n o l  ............................................................ T r a c e  

a S o d i u m  is m o s t l y  p r e s e n t  a s  t he  b i s u l f a t e .  

Corrosion of the v ibra t ing screen (Figure  1) was 
very serious since the screen, usually 60 mesh with a 
wire size of 0.0075 in., corroded into shreds in a 
mat te r  of hours even though made f rom Type  316 
stainless steel. F i r s t  a t tempts  to solve this problem 
involved different mater ia ls  of construction for  the 
screen. Inconel, monel, and various types of the 300 
series stainless steels were tried but produced no sat- 
isfactory solution. Based on the system as originally 
designed, fibers caused the nozzles of the centr i fuge 
to plug, and eventually the entire bowl filled with a 
compact mass of interwoven fibers, lignin, and salt 
cake whenever the screen wire corroded through. 
This problem was first solved by careful ly  screening 
the soap skimmings at the tall oil p lant  pr ior  to 
acidulation. 
A T  AZVOTHER pulp mill, in St. Marys, Ga., a radical  

approach was used, that  is, to eliminate all screen- 
ing and modify  the centr i fuge so tha t  fibers would be 
passed through the centr ifuge nozzles without  plug- 
ging. The system as now installed, while re ta ining 
all the basic principles, has been considerably modi- 
fied and also simplified. Gas release, af ter  the reaetor,  
is accomplished in a large-volume, large-surface t ank  
located between the reactor  and the centrifuge. The 
vibrating' screen and all line strainers have been 
removed, and the centr ifuge has been modified to 
allow the use of very  large nozzles which pass all the 
fibers. Successful removal  of the fibers by the centri- 
fuge has eliminated the screen. 

The corrosiveness of this waste bleaching acid does 
require some design and specification differences 
f rom those for a p lant  designed for commercial sul- 
fur ic  acid. The addit ional eost for these features  is 
well under  3% of the total  p lant  cost. Corrosion 
resistance in such a plant  is now so sat isfaetory tha t  
neither operat ing nor maintenance costs are increased 
by this waste acid usage. Differences in opera t ing 
procedures in the two types of plants  are definitely 
minor. 

This u s e  of waste sulfuric acid f rom the bleach 

plant,  even though somewhat corrosive, has m a n y  
advantages;  the priucipal  one, of course, is profit. 
The average consumption of sulfuric acid in produc- 
ing tall oil is 20-24% as concentrated acid, based on 
tall oil produced. In  a p lant  producing 5,000 lbs. 
per  hour of tall oil which, on a weekly basis of five, 
24-hr. days, would amount  to some 300 tons of tall 
oil per week, about 60 tons per  week of 66 ~ B6 sul- 
fur ic  acid would be required. At  $23 per  ton for this 
acid, the cost to such a p lant  would be $1,400 per  
week. The use of waste acid, which is normal ly  
burned only for  its sulfate content, would add a 
profit of some $1,400 per  week. 

I f  carried one step fur ther ,  it may  be said that  a 
tall oil p lant  producing 5,000 lbs. per  hour, operat ing 
on a 24-hr. day and a 250-day year  would, by using 
this spent bleaching acid, save about $70,000 per  
year. Such an operat ing saving great ly  reduces a 
p lan t ' s  pay-out  period. Incidenta l ly  all the sulfate 
in the waste acid is still recovered in the by-product  
reaction mixture  f rom the tall oil plant.  

As a minor additional advantage,  the traces of 
chlorine compounds in this waste sulfuric acid pro- 
duce a l ighter  colored tall oil since some color bodies 
are removed by its bleaching action. Our tests prove 
that  this mild bleaching action does not increase the 
oxidation product  content of the tall oil. 

A N E W "  T A L L  O I L  P L A N T  i s  n o w  under  construction 
at  Mobile, Ala., where the Continuous System 

will have all the advantages  of the simplified process 
and, in addition, the p lan t  will operate at high capac- 
i ty on an eight-hour-day basis. Labor  costs per  ton 
of tall oil will be reduced by producing a large 
amount  of tall oil per  day  with only one eight-hour 
operator. The system is also designed for  the use of 
waste sulfuric acid f rom the pulp  bleach plant.  The 
savings f rom the use of waste sulfuric acid along 
with the labor savings will make this a very eco- 
nomical plant.  

Some typical  operat ing data  have been collected 
f rom the various De Laval  installations. These have 
been averaged in order to present  general  informa- 
tion on the usage of steam, electricity, and a reagent  
consumption (Table I I ) .  

I t  should be observed tha t  the major  cost is sul- 
fur ic  acid, which is eliminated by the use of waste 
bleaching acid, and that  sulfuric  acid is the only re- 
agent  used in this process. 

In  Table I I I  are shown some typical  analyses of 
tall oil produced by the mills using this Continuous 
Process. 

The water  washing of crude tall oil is yet  another  
phase of processing in this tall oil field. I t  had been 
found that  much of the crude tall oil produced by 
the batch-settl ing plants  throughout  the indus t ry  suf- 
fered f rom variat ions in product  quality. This is 
understandable  since each batch must  essentially be 

T A B L E  12 

D i r e c t  Cost  D a t a  fo r  6 ,000  l b s . - p e r - H o n r  C o n t i n u o u s  
T a i l  Oi l  Plant 

I t e m  P r i c e  

66 ~ Su l f .  a c id  .................................... } $ 2 3 / t o n  
S t e a m  ................................................ ] 3 0 r  Ibs. 
P o w e r  ................................................ I 1 C / k w h .  
L a b o r  ................................................. / $ 2 / h r .  

i 
Total c o s t / t o n  o f  t a l l  o i l  .............. 7 

I A m o u n t  ] Cost 
p e r  t o n  I p e r  t o n  
t a l l  o i l  t a l l  oi l  

$ 5 . 1 9  
[ 400  lbs.  0 .12  

. 0 , 6 7  

$6,IO 
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TABLE III 

B a y  
/Minet te  a_l Jesup 

% Rosin acid ............................ / 4 2 . 5  I 45.0 

% Fa t ty  acid ............................. [ 4 8 . 4  [ 43.0 

% A~h ....................................... ] .... , o.o: 

Plan t s  

% Minera l  acid ......................... 

% Neutra ls  ................................ 

% Unsaponif iable  ...................... 

% L ign in  ................................... 

% Mois ture  b ............................. 

Acid va lue  ................................. 

Lovibond  color c ........................ 

0.011 

2.13 

~.6 

D.23 

2.1 

0.0( 
~o 0.0( 

2.0 
~o 2.7 

7.8 

0.0 c 
io 0.1~ 

1.1 
~o 1.5 

169 

5/4.o 

St. M a l y s  Pensaco la  

52.4 46.6 

35.7 42.1 

O.0', 0 .025 
to 0.Ol 

0.0( 2 0.002 
to O.0' 0 to 0.009 

1,5 1.38 
to 1.7 

8.4 6.6 

0.1: 0.06 
to 0.26 to 0.25 

1.5 1.5 
to 1.9 to 1.7 

166 170 

3 5 / 2 . 4  35 /1 .5  
to 3.0 to 2.4 

a Semieont inuous  plant .  
b F r o m  cen t r i fuge ;  0 .6% or less f rom s torage tank .  
r 5% in benzol, 1 in. 

i f  they are distilled. F o r  that  mat ter  it is not essen- 
tial for  tall oil from batch systems, which are very  
well controlled. 

S u m m a r y  

The conventional batch process for  tall oil produc- 
tion was changed to a semieontinuous one by prop- 
erly sizing tanks to reaction times and adding a 
screen and a continuous centr ifugation step. 

As a fu r the r  inlprovement an ent irely new, con- 
t inuous acidulation process has been developed which 
includes proport ioning of reagents, controlled mix- 
ing, and degasification, followed by tall oil separation 
in a special form of nozzle type of centrifuge. Both 
these processes produce higher  quali ty tall oil at 
lower cost than the original batch process. 

The economy of the process has been improved by 
modifying the centrifuge to remove fibers, which 
eliminates a costly and troublesome screening step. 
Lowest costs are produced by a plant specifically de- 
signed to use waste acid from a chlorine dioxide 
bleaching process. 

hand-treated. Consequently the reaction time, the 
treat,  and the skimming-off of tall oil are subject to 
human error. Two washing plants have been in- 
stalled for a major  naval stores producer  at two t a l l  
oil distillation plants. Briefly the system consists of 
an AC-VO nozzle-type centrifuge, as used in the 
continuous tall oil installations, preceded by water  
washing. Wash water is mixed with the crude tall 
oil fed to tile centrifuge in order to remove the soap, 
excess mineral acids, and lignin present in most of 
the batch-produced tall oil. This company has found 
it imperative that  lignin be reduced to a minimum 
before distilling. F rom the standpoint  of corrosion 
in their expensive fraet ionat ing towers, excess min- 
eral acids must also be reduced to a negligible amount. 

This washing system is not required on tall oils 
produced in the continuous acidulation process, even 
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Corrosion Testing and 
Tall Oil 

Corrosion Problems m Processing of 

H A R O L D  C. T E M P L E T O N ,  Alloy Steel Products Company, Linden, N e w  Jersey 

I 
T IS  O U R  I N T E N T  t o  present information on the c o r -  

r o s i o n  problems encountered in tall oil processing. 
Some of the information is new, some has been 

published previously. We shall briefly summarize some 
of the information published to date, present new 
plant corrosion test data, a n d  point up areas where 
empirical corrosion data are lacking or conflicting. 

Corrosion test work may be performed in several 
stages. Laboratory  tests using actual or synthesized 
solutions yield a great deal of information and, in the 
absence of other means of testing, must be the basis 
for  construction of process equipment. 

The next  step in corrosion testing f requent ly  will be 
the pilot-plant stage. Corrosion can be studied by 
visual observation of corrosion effects on equipment. 
Samples exposed to the solution can addit ionally be 

analyzed by weight loss computed to tradit ional  un i t s  
for  expressing corrosion penetrat ion as inches per 
year  or mils per year. 

The ultimate stage for testing would be in the 
operating plant. Samples exposed to operating con- 
ditions of the full-scale plant will yield the most 
accurate corrosion information. Differences of sig- 
nificanee may exist between plant conditions and 
laboratory or pilot operations, producing inaccurate 
and sometimes erroneous results. Plant  corrosion in- 
formation comes from examination of equipment af ter  
service periods or from special test rods carrying 
samples of interest as potential construction material. 
Examinat ion of equipment will yield only qualitative 
results. Test rods also furnish information of a qnali- 
tative nature,  and, of greater  importance, quanti tat ive 


