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ABSTRACT Radioactive Carbon-14 labeling has been used to study the 
retention of saponified alkenyl succinic acid size. The effect of plq, alum 
addition level, stock consistency, and stock temperature on size retention have 
been studied. The structure of size precipitates, which were prepared under 
various conditions, has also been examined by Fourier transform infrared 
analysis (FTIR). Size retention seems to be mostly affected by alum addition 
level and stock consistency but not by pH. On the other hand, the structure of 
the size precipitate is affected by pH. The degree of size coagulation is 
affected by stock temperature. An alum addition level of at least 1.0%, a pH 
of less than 5.5, and precipitation in thick and low-temperature stock are the 
recommended conditions for the use of this size. 
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Rosin soap size has been used exten- 
sively since its first development in 
1804 (1). Although the type of rosin 
soap size has changed from natural 
saponified rosin paste to fortified 
soap, the basic retention mechanism 
is believed to be the same. Here, we 
report on a retention study for sapon- 
ified alkenyl succinic acid size under 
various conditions. The size is a 
synthet ic  one obta ined from iso- 
alkenes and maleic anhydride (Fig. 
1). It has been used for 15 years, 
mostly in Japan but also more recent- 
ly in Europe. It can be used in the 
same way as rosin soap size, and the 
retention and sizing mechanisms can 
probably be considered to be the same. 

Rosin soap size is known to be rather 
ineffective at high pH (1) and at low 

additions of alum (2). It also tends to 
be precipitated in dilute stock (3) or 
in high-temperature stock (4, 5). It has 
been suggested that  soap size is 
precipitated and retained by reaction 
with alum (1, 6). Under conditions in 
which the soap size shows poor per- 
formance, this reaction with alum is 
thought to be affected (5). 

Many mechanist ic studies have 
been carried out with rosin soap size, 
including 14C labeling to give labeled 
fortified rosin (7, 8), but this product 
is a complex mixture of compounds in 
which molecules may have different 
numbers of carboxyl groups. Such 
variation creates difficulties. Howev- 
er, saponified alkenyl succinic acid 
consists of molecules that  always 
contain precisely  two carboxyl  

groups. Therefore, we used saponified 
alkenyl succinie acid in our retention 
study and IR (infrared) study to 
understand the mechanism of soap 
sizing and ascertain the best condi- 
tions for its use. 

Results and d i s c u s s i o n  

Comparison with rosin sLze 

In Fig. 2, saponified alkenyl succinic 
acid size is compared with convention- 
al rosin soap size. The figure shows 
greater effectiveness at low addition 
levels. 

ltnfluence of FH 

The effect of pH on size retention and 
sizing efficiency was examined using 
14C-labeled saponified alkenyl Succin- 
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c acid size (Table I and Fig. 3). The 
)H was adjusted by keeping the alum 

~ddition constant (1.5%) and varying 
the amount of added NaOH. Sizing 
efficiency declined as pH increased, 
but  size re tent ion was a lmos t  
constant. 

The size precipitates were prepared 
at various pHs. The carboxyl groups 
were examined by FTIR (Fourier 
transform infrared analysis), and the 
results are shown in Fig.  4. The 
saponified size shows carboxyl ab- 
sorption bands at 1560 cm -1 and 1410 
cm -1. However, when precipitated as 
the aluminum salt at pH 4.5, these 
bands are missing, and new bands 
appear  at 1580 cm -1 and 1460 cm-L 
This suggests that the precipitated 
aluminum salt at pH 4.5 contains few 
residual saponified carboxyl groups. 
About 20% of the earboxyl groups 
were still saponified at pH 5.5, and 
almost half were saponified at a pH 
of 6.5. The alkaline (K+ or Na+) salt 
is hydrophilie (9), so the size precip- 
itate formed at high pH is less hydro- 
phobic, and this trait  may lead to a 
drop in sizing efficiency at high pH. 

Papermaking at high pH can also 
be achieved by a low level of alurfl 
addition, and'this may also affect size 
retention. 

Influence of  alum addition level 

Table  I I  and Fig. 5 show the influ- 
ence of the alum addition level (at 
constant pH = 5.5) on size retention 
and sizing efficiency. As the alum 
addition was decreased, size retention 
dropped. This drop is probably the 
cause of the reduction in sizing effi- 
ciency. 

Using FTIR, we compared the size 
precipi tates  prepared  at different  
additions of alum. As Fig. 6 shows, no 
part icular  difference could be ob- 
served, which suggests that the alum 
addition level only has an effect on size 
retention and not on the structure of 
the size precipitate. 

Influence of  stock consistency 

To study the influence of stock consis- 
tency on sizing retention and efficien- 
cy, we precipitated the size in thick 
stock (9%) and in thin stock (0.5%). 
Table  I I I  shows that a higher sizing 
efficiency was obtained when the size 
was precipitated in thick stock, and 
this higher efficieney seems to arise 
from higher retention. 
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1. Synthesis of saponified alkenyl succinic acid size 
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Influence of  stock temperature 

The influence of stock temperature  
was studied by precipitating size and 
making handsheets at 50°C (Table 
IV). Size retention showed a slight 
decrease, but sizing efficiency de- 
creased to a large extent. Size precip- 
itates prepared at 50°C and 20°C were 
compared by FTIR (Fig. 7), and the 
results suggested a small increase in 
the number of saponified carboxyl 
groups. However, these differences 
were too small to explain the big 
decrease in sizing efficiency. 

Air-dried handsheets, sized at 50°C 
and 20°C, were prepared. We used 
scanning electron microscopy (SEM) 
to examine the magnitude of the size 
precipitates on the fiber (Fig. 8). The 
size precipitates retained at 50°C are 
larger than those retained at 20°C. 
This change in the degree of coagu- 
lation might lead to a drop in sizing 
efficiency at high temperature. 

Size addition level 
and sizing efficiency, 

The relationship between size addi- 
tion and sizing efficiency is shown in 
Fig. 9. Sizing efficiency increased 
with increased addition. However, the 
efficiency reached a maximum after 
a certain size addition level, even 
though there was a constant level of 
size retention. 
' Adsorption sites for size retention 
are still available even after maxi- 
mum sizing has been achieved. Ap- 
parently, maximum surface coverage 
is not essential for optimum sizing. 
This condition may be the result of the 
steric influence of the hydrocarbon 
chains, or it may result from drying 
if d ry ing  leads to more effective 
coverage of the surface  by these 
groups. 

2. Comparison of sizing efficiency between 
saponified alkenyl succinic acid and fortified 
rosin soap size (pH = 4.7. Pulp = 490 mL CSF 
hardwood. Size: commercially produced size. 
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3. Influence of pH on sizing efficiency ' 
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HST value, s 

4.5 415 1297 1436 

5.0 324 951 1268 

5.5 192 873 1075 

6.0 170 840 911 

Size retent ion,% 

II. Influence of alum addition on sizing 

4.5 64 75 73 

5.0 78 85 86 

5.5 70 88 92 

6.0 76 85 88 

450 mL CSF hardwood. 

Size addition, % 
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HST value, s 

1.5 59 300 

1.0 17 151 

0.5 7 101 

Size retention, % 

1.5 68 79 

1.0 52 60 

0.5 33 46 

pH =5.5, 
310 mL CSF softwood. 
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5. Influence of alum addition level on sizing 
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6. Influence of alum addition level on carboxyl group of size precipitate (pH 5.5) 
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400 mL CSF softwood. 

Stock Size addition, % 
cons., % 0.1 0.2 

HST value, s 

2.0 61 444 

0.5 6 226 

Size retention, % 

2.0 79 80 
0.5 37 53 

pH = 5.0. 
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II. Influence of stock consistency on sizing 7. Influence of temperature on carboxyl group of size precipitate 
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IV. Influence of temperature on sizing 

Temp., Size addition, % 
°C 0.1 0.2 

HST value, s 

20 61 444 

50 21 210 

Size retention 

20 79 80 

50 68 73 

pH = 5.0. 
400 mL CSF softwood. 

8. Scanning electron micrographs of size precipitates on fiber (XIO,O00, size addition level 
0.54.) 

E x p e r i m e n t a l  methods  
Preparation of 14C-labeled size 

The14C-labeled alkenyl succinic anhy- 
dride was synthesized from a mixture 
of C10-C14 iso-alkenes (average car- 
bon no. = 12) and 2,3-14C maleic anhy- 
dride. These were heated in a sealed 
glass tube reactor at 190°C for three 
days. The alkenyl succinic anhydride 
was separated by distillation and 
saponified into soap size (10% solids 
concentration). The specific activity (in 
curies/gram) of the anhydride was 
16.68 #Ci/g, and that of the saponified 
alkenyl succinic acid size (10% solid 
concentration) was 1.26 #Ci/g. 
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Preparation of handsheets 

Handsheets were prepared from ei- 
ther Oulu hardwood bleached sulfate 
or Lapponia softwood bleached sul- 
fate pulps. These were beaten in a 
Medway beater and were diluted to 
a consistency of 2%. Size and other 
chemicals were normally added to the 
2% slurry in the following order: 

1. NaOH, to enable alum addition at 
a certain pH 

2. 14C-labeled size 

3. Alum (normally 1.5% based on 
pulp). 

The slurry was diluted into 0.5% and 
divided into several portions which 
were used for preparing handsheets'  
using a British standard sheet ma- 
chine (basis weight - 60 g/m2). Water 

9. Size addition level and sizing efficiency 
(pH = 5.0, 400 mL CSF softwood pulp) 
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adjusted to the appropriate pH was 
used for dilution and for sheet forma- 
tion. After pressing, handsheets were 
dr ied  on a drum dryer at 100°C for 
3 rain. 

Testing 

Sizing efficiency was tested using a 
Hercules size tester (HST) with acid- 
free ink. Size retention was determined 
Using a liquid scintillation counter. 

FFIR study of size precipitates 
Commercial ly produced saponified 
alkenyl succinic acid size (Diasize 
NSP: Mitsubishi Oil Co. Ltd.) was 
used for F T I R  studies. Size was 
precipitated in the same manner  as it 
would have been precipitated in a 2% 
slurry  for handsheet  preparat ion.  
That is, a certain amount of NaOH 
(with the amount dependent on pH), 
size (0.02 g), and alum (0.06 g) were 
added to water (400 mL) in that order. 
The precipitate was filtered through 
a 0.45-t~m membrane filter and dried 

at 100°C. The FTIR study was carried 
out using the diffuse ref lec tance  
technique. 

SEM studies of size precipitates 
on the fiber 

Sized handsheets prepared at 50°C 
and 20°C were air dried. After gold 
coating, they were examined by scan- 
ning electron microscopy with a 
10,000 times magnification. 

C o n c l u s i o n s  

An alum addition level of at least 1% 
and precipitation in thick stock are 
the main two factors that contribute 
to good retention of saponified alkenyl 
succinic acid size. A pH below 5.5 
gives a size precipitate that is suffi- 
ciently hydrophobic. To use this size 
in high-temperature stock, some of the 
suggestions proposed for the use of 
rosin soap size at high temperature  
(10) could probably be applied to 
maximize the efficiency of size.D 

Literature c i ted  

1. Strazdins, E., Tappi 60(10): 102(1977). 
2. Lindstr'dm, T. and SSremark, C., 

Svensk Papperstid. 80(1): 22(1977). 
3. LindstrSm, T. and SSderberg, G., 

Svensk Papperstid. 86(3): R25(1983). 
4. Price, D., Paper Trade J. 127(8): 43 

(Aug. 19, 1948). 
5. Strazdins, E., Tappi J. 67(4): 

110(1984). 
6. Marton, J., Trans. of the 8th Funda- 

mental Research Symposium, Vol. 2, 
Oxford, Fundamental Research Com- 
mittee, 1985, p. 785. 

7. LindstriJm, T. and SSderberg, G., 
Svensk Papperstid. 86(3): R22(1983). 

8. Marton, J. and Marton, T., Tappi J. 
65(11): 105(1982). 

9. Nelson, P. F. and Kalkipsakis, C. G., 
Tappi 47(3): 170(1964). 

10. Strazdins, E., The Sizingof Paper, 2nd 
edn. (W. F. Reynolds, Ed.), TAPPI 
PRESS, 1989, p. 19. 

Received for review July 17, 1990. 
Accepted Aug. 30, 1990. 

February 1991 TappiJournal 181 


