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J O U R N A L  OF WOOD CHEMISTRY A N D  TECHNOLOGY, 3 ( 4 ) ,  445-458 (1983) 

THE FORMATION OF OXALIC ACID DURING BLEACHING O F  KRAFT PULP 

J. A. Krasowski and J. Marton 
Laurel Research Center  
Westvaco Corporation 

Johns Hopkins Rd. 
Laurel, MD 20707 

ABSTRACT 

Calcium oxala te  scaling is a major practical  problem in a paper mill, 
especially in t h e  evaporators, pulp digesters, and the  bleach room. The 
sources of oxalic acid were  determined by analysis of mill samples. In the  
unbleached pulp mill, t h e  source of oxalic acid is t h e  wood. In addition, a 
major amount  of oxalic acid was found to be  formed in t h e  bleach room. 
A laboratory bleaching study was undertaken to establish a quantitative 
relationship betweeen bleaching conditions and oxalic acid production. 
Hardwood k r a f t  pulp was  bleached using three  sequences. The amount of 
oxalic acid produced was dependent upon t h e  a v a i h b l e  lignin conten t  of 
t h e  pulp (Kappa number) and not t h e  oxidant concentration or reaction 
temperature.  

INTRODUCTION 

Calcium oxala te  is known t o  be  a major component of t h e  incrustations 
and scale found in pulp mills, especially when high levels of calcium a r e  
present in t h e  mill waters. This material  tends to form very hard, 
porcelain-like deposits t ha t  can clog stock lines and washer screens if not 
removed periodically (Figure I). Calcium oxala te  scale has  been found at 

various mill locations, including refiner plates, pipe lines, evaporators and 
hea t  exchangers . Another problem caused by oxalic acid is an  inter- 1 
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44 6 KRASOWSKI AND MARTON 

SIDE VIEW (2x1 

TOP VIEW 

FIGURE 1 

SAMPLE OF CALCIUM OXALATE HARD SCALE 

TAKEN FROM A PAPER MILL STOCK PIPE 
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FORMATION OF OXALIC ACID 447 

L ference in rosin sizing. Cobb and Lowe found t h a t  an aluminum oxalate 

complex forms and depletes t he  available aluminum so t ha t  the  aluminum 

rosinate complex is not formed. The magnitude of t he  interference is 
3 dependent upon the  concentration of t h e  oxa la te  ion in the  white water  . 

Oxalic acid is naturally occurring in both plants and animals as an end- 
product of metabolism. An interestingly analogous medical problem is 

t h a t  calcium oxalate is a main consti tuent of urinary calculi (kidney 
stones). The precipitate forms in neutral  o r  alkaline urine in the  presence 
of abnormally high oxalate excretion. 

Trees like many other plants contain oxalic acid. In a study by 
Samuelson and others4, analysis of k ra f t  black liquor has shown tha t  
oxalic acid is dissolved during pulping. It was suggested tha t  t he  oxalic 
acid dissolved during kraf t  cook was formed from t h e  degradation of the 
carbohydrates, as i t  is well known t h a t  t r ea tmen t  of carbohydrates with 
hot alkali produces oxalic acid. 

The composition of t he  material  dissolved during bleaching of pine kraf t  
5 pulp has  been determined by Pfister and Sjostrom . Oxalic acid was found 

to b e  one  of t h e  minor components in bleaching liquors. The reactions in 
the  degradation of lignin during the  chlorination s t a g e  have been studied 
using model compounds, pine kraf t  lignin and pine kraf t  pulp . Exten- 
sive oxidation of t h e  lignin was indicated by t h e  large amount of oxalic 
acid found in the  spent liquors. Above studies suggest tha t  there a re  
several  possible sources of oxalic acid in t h e  pulp mill: t he  pulping 
furnish, and oxidative degradation of carbohydrates and lignin during 

pulping and bleaching. 

6-8 

Scope of Present Studies 
During preliminary investigations, an  analysis of mill samples has indi- 

ca t ed  t h a t  there  a r e  considerable amounts of oxalic acid in t h e  pulps and 

f i l t ra tes  obtained at each bleaching stage. An analysis of bark samples 
has indicated t h a t  there  is one to two orders of magnitude more oxalic 

acid in bark than in wood. With the  increased use of whole t r e e  chips, a 
suspicion arose t h a t  a principal cause for oxalate deposits may b e  due t o  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
4
0
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



448 KRASOWSKI AND MARTON 

t h e  increased level of oxalic acid entering with the  bark in the pulping 
furnish. Further analysis of bleach room samples showed that  there  is an 
increase in t h e  amount of oxalic acid found as the  bleaching sequence 

proceeds. I t  was not clear as t o  whether t he  oxalic acid was being formed 

during the final bleaching stage (possibly due to  oxidation of the 

carbohydrate and lignin material) o r  whether this increase was due to an 

accumulation of oxalic acid in the  system caused by recycling of the  mill 
waters. 

In order t o  answer the above questions, a laboratory study was 

conducted with t h e  purpose of establishing a quantitative relationship 
between bleaching conditions and oxalic acid production and of determin- 

ing whether a degradation of the cellulose or t h e  lignin is a major source. 

Hardwood kraf t  pulp was bleached (Figure 2) using three sequences: (a) 
chlorination, extraction, calcium hypochlorite, and chlorine dioxide 

(CEHCaD); (b) chlorination, extraction, sodium hypochlorite, and chlorine 
dioxide (CEH D); and (c) chlorination, extraction, chlorine dioxide, 
extraction, and chlorine dioxide (CEDED). The levels of t h e  bleaching 
chemicals were varied t o  simulate high, low, and medium mill conditions. 
The laboratory da t a  were compared with mill observations in order to 

reach generally applicable conclusions. 

Na 

RESULTS AND DISCUSSION 

Oxalic Acid in Mill Samples 
The results obtained for bark chips and bark-free wood chips a r e  shown 

in Table 1. The amount of oxalic acid found in the bark was one t o  two 

orders of magnitude higher than that  found in the  wood. Assuming that  

whole t r e e  chips contain about 15% bark and tha t  a mixture of whole t r ee  

chips and debarked wood chips is used for the pulp furnish, t he  amount of 
oxalic acid in t h e  furnish should be about 0.6 - 1.0 kg/metric ton ( a t  a 

pulp yield of 45%). 
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D l - E Z -  D 

C a - h y p o  - D 

N a - h y p o  - D 
C- E l  

FIGURE 2 

OUTLINE OF BLEACHING SEQUENCE 

TABLE 1 

Oxalic Acid and Calcium Content of Bark and Wood Chips 

Oxalic Acid Calcium 
kg/metric ton kg/metric ton 

- Bark Wood - Bark wood 

Hardwood 9-15 0.1-0.3 4-5 0.3-0.6 
Pine 4-10 0.1-0.4 1-5 0.3-0.5 

TABLE 2 

Oxalic Acid Content of Mill Samples 

Oxalic Acid 
Hardwood Pulp (kdmetric ton) 

Brown Stock 
Chlorination 
Extraction 
Hypochlorite, Ca (0C1l2 
Dioxide 
Paper Mill Decker 

0.1-0.6 
0.1-0.9 
0.1-0.8 
0.4-1.2 
0-4-1 -5 
0.3-1.0 
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450 KRASOWSKI AND MARTON 

The results obtained for oxalic acid determinations on mill samples are 

shown in Table 2. The amount tha t  was found in the brown stock pulp (0.1 - 
0.6 kg/ton) indicates t h a t  40-80% of the  oxalic acid tha t  was calculated t o  

be in the wood furnish was removed during the kraf t  pulping process. An 
apparent increase in the oxalic acid content of t he  pulp with bleaching is 

indicated in Table 2. However, this increase could be due to  either a 
formation of oxalic acid or an accumulation of o x a k  acid in the system by 
recycling of mill waters. The processing conditions and interactions 
influencing the formation and deposition of calcium oxalate scale, and the  

9 effect of recycle of mill waters, a r e  being reported in a separate paper . 
Formation of Oxalic Acid During Laboratory Bleaching 

The data  obtained in the  laboratory bleaching study are averaged for 
each s tage and presented in Table 3. A t-test on the  C-stage data indicated 
tha t  there is not a significant difference in the amount of oxalic acid 
produced as a function of % C12 added over the range of 1.9 - 2.6% CIz. 
The variation in the results may be attributable to  the nonuniformity of t he  
heterogenous reaction between the chlorine and the pulp. This has also been 
suggested in the  literature6y7. 

The amount of oxalic acid formed during the extraction stages (El and 
E2) was 0.2 kg/ton which can be considered a negligible amount because 
the  experimental variation was found t o  be 2 0.1 kg/ton. The residual 

lignin content of t he  unbleached pulp was about 2.5% (Kappa No. 16) and 
was reduced t o  about 0.8% (Kappa No. 5 )  a f t e r  t h e  first caustic 

extraction; in other words, about 17 kg of lignin were removed per metr ic  
ton of pulp in the  C-stage. Thus, t he  oxalic acid yield in chlorination was 
about 3% of t h e  lignin removed, assuming that  only lignin is oxidized. 

The first  C102 stage produced 0.3 kg of oxalic acid/ton and the  two 
hypochlorite stages, calcium and sodium, also produced 0.3 kg of oxalic 

acid/ton. The final oxidative stage did not produce a significant amount 

of oxalic acid. These values were obtained by calculating group averages. 

A linear regression analysis of the  da t a  within each of t he  second 
oxidative s tages  showed tha t  t he  quantity of oxalic acid produced was not 
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FORMATION OF OXALIC ACID 451 

TABLE 3 

Oxalic Acid Content at the  Various Bleaching Stages 
(kg/metric ton) 

Bleaching 
Stage 

Brown Stock 

C 

Dl 

E2 
D2 

C 
E 

HCa 
D 

C 
E 

H N a  
D 

Bleaching 
pulp Filtrate 

CEDED Sequence 
0.40 - 0.40 

0.24 0.68 0.92 

0.11 0.27 0.38 
0.10 0.30 0.40 

0.12 0.02 0.14 
0.08 0.03 0.11 

Total - 

CEHD with HPa Sequence 
0.24 0.68 0.92 
0.11 0.27 0.38 

0.18 0.19 0.37 
0.14 0.11 0.25 

v 

CEHD with HNa Sequence 
0.24 0.68 0.92 
0.11 0.27 0.38 

0.26 0.11 0.37 
0.09 0.06 0. I5 

Amount 
Formed 

- 
0.52 

0.14 
0.29 
0.04 

-0.01 
0.98 
- 

0.52 
0.14 

0.26 
0.07 
0.99 
- 

0.52 
0.14 

0.26 
-0.11 
0.81 

Average values of all  conditions pertinent to each stage 
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452 KRASOWSKI AND MARTON 

dependent upon t h e  amount of these three bleaching agents applied t o  the  

pulp. The calculated slopes of the  lines were nearly zero. Instead of a 
concentration dependency, there appears t o  be a random fluctuation in 
the  data;  t he  standard deviation was found t o  be 2 0.2 kg/ton for t he  

second oxidation stage. Bleaching of pulp is a complex combination of 

heterogeneous and homogeneous reactions that  is dependent on how well 
t he  pulp is mixed. This may explain the  scat ter  in the  data  and the 
independence of t he  formation of oxalic acid on the concentration of 
applied oxidant. 

There a r e  two possible sources for t he  formation of oxalic acid: t h e  

oxidative degradation of lignin and/or cellulose. I t  has been shown in the  

literature6 t h a t  upwards of 50% of t h e  chlorine applied to  lignin is 
consumed in oxidative reactions. The yield of oxalic acid was 0.5 t o  3% 

of the lignin t h a t  was removed by chlorinating unbleached pulps, and 9% 

when lignin was chlorinated. The formation of oxalic acid has been 

attr ibuted t o  the  oxidation of the aromatic moieties in lignin. The other 
two oxidizing agents used t o  bleach the  pulp in this study, hypochlorite 

10 and chlorine dioxide, can also react  t o  produce oxalic acid from lignin . 
Oxidative degradation of t he  cellulose also may produce oxalic acid and 
this should be accompanied by a decrease in the average molecular weight 
of t he  cellulose . 11 

In this study, oxalic acid was produced during the first two oxidative 

stages. The initial lignin content of the pulp was about 2.5% and was 

reduced to  about 0.8% a f t e r  the first caustic extraction. The amount of 

lignin present a f t e r  the second oxidative stage, H or D1, was reduced t o  

practically zero. If an  oxalic acid yield is calculated based on the amount 

of lignin removed, 3% was produced in the C, H and D1 stages. The 

amount produced during the  final DZ stage was not significant. 
During all  of t he  stages, the concentration of oxidant (and temperature 

in the  C-stage) was  varied, but t he  amount of oxalic acid produced was 

not dependent on the  changes within the  stage. The yield as s ta ted above 

can be bet ter  correlated with the available lignin content of t he  pulps. A 

reaction scheme t h a t  has  been suggested in the  l i terature 6,10,11 for t h e  
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FORMATION OF OXALIC ACID 4 5 3  

reaction of a chlorine containing agent with lignin shows tha t  there is a 
competition between chlorination and oxidation reactions. A pathway 
involving a three-step process has been proposed' for the oxidation of 
lignin t o  produce oxalic acid (and other dicarboxylic acids). (Figure 3) 

Oxidative degradation of the pulp can be measured by a decrease in 
pulp viscosity. I t  is weif known tha t  t h e  viscosity of the pulp is very 

dependent on the concentration of applied bleaching agents. The oxalic 
acid production in this study was independent of the viscosity change, 
suggesting very low correlation between oxalic acid formation and the 
degradation of the  cellulose. (Pulp viscosity was studied in a parallel 
investigation using the same pulp samples'*.) Therefore, i t  is believed 
that  t he  primary source of oxalic acid is from the oxidation of lignin and 
tha t  the oxidation of cellulose is a secondary source, at most. 

Distribution of Oxalic Acid Between Pulps and Filtrates 

The oxalic acid content of the studied pulps was the highest a t  t h e  

brown stock (Table 3). Assuming that  the bark content of the chips going 
into the digester is  about lo%, the chips should contain about 1.3 kg of 
oxalic acid/ton of wood. The brown stock pulp contained about 30% of 
t h e  oxalic acid tha t  was probably in the  chips. 

The oxalic acid content in the fi l trates was the greatest  a t  the C-stage 
where 0.7 kg/ton were removed from the system (Table 3). It must be 

remembered tha t  deionized water was being used for t he  wash water and 
tha t  over 90% of the water was pulled off of t he  chlorination slurry by 

vacuum filtration before the wash water was added. In the  bleach room, 
displacement-type washing may be used, and if t he  wash water contains a 
high level of Ca and a high pH, then a pH shock could cause the  
precipitation of calcium oxalate on the  fibers and washer screens, thereby 
reducing the washing efficiency. 

The amount of oxalic acid carried by the  C fi l trate,  is 50-60% of the  
total  amount of oxalic acid found from brown stock to final stage. I t  is 
important to remove this f i l trate from t h e  system as this results in the  
largest single decrease in oxalic acid. The amount of oxalic acid carried 
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FIGURE 3 

Formation of Oxalic Acid From Lignin 

by each of the other fi l trates is 20% or less of t h e  total  amount. All of 
the  fi l trates taken together removed about 90% of the total  amount of 

oxalic acid found. 

CONCLUSIONS 
The largest single source of oxalic acid is bark which contains 4 - 15 kg 

oxalic acid/metric ton, depending on the  species. If t he  wood furnish 
contains 5-10% bark, the unbleached pulp could contain as much as 0.4 - 
0.8 kg oxalic acid/ton of pulp from this source. However, as much as 70% 

of the  oxalic acid that  can be expected in the  brown stock is removed 
during t h e  pulping and brown stock washing. The oxalic acid content of 

t h e  brown stock typically has been found t o  be 0.1 - 0.6 kg/ton. 
A mass balance on the  da t a  obtained from the  samples taken from t h e  

laboratory bleaching study has shown tha t  oxalic acid is produced during 
bleaching; there  a r e  0.8 - 1.0 kg of oxalic acid formed per ton of pulp. 
This additional amount, taken together with t h e  amount found in the 
brown stock (0.4 kg/ton), increased the amount of oxalic acid found in t h e  
system t o  1.2 -1.4 kg/ton which is a 3 - 4 fold increase in the amount of 
oxalic acid found in the  system relative t o  the  unbleached pulp used. The 
majority of the  oxalic acid was formed in the  C-stage (0.5 kg/ton), and 
the  remainder was formed in the  H- (or D1) stage (0.3 kg/ton). Negligible 
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FORMATION OF OXALIC ACID 455 

amounts were formed in the  E and D2 stages. The final D-stage pulp 
contained only 0.1 kg oxalic acidhon or about 7% of the total  amount of 
oxalic acid in the system. The amount of oxalic acid in the final s tage 

pulp may vary depending on t h e  oxalic acid content of the brown stock 

and the washing efficiency at each of the  stages. The total  amount of 
oxalic acid produced was not found to be dependent on the  bleaching 

sequence (CEDED or CEHD), because the  majority was formed in the C- 
stage. 

I t  is inferred tha t  oxalic acid is produced by the oxidation of lignin and 
not cellulose. About 3% of the  lignin was converted t o  oxalic acid in each 
of the first  two oxidations. This is t h e  same order of magnitude as 

reported by Van Buren and Dence' for chlorination studies. The amount 
of oxalic acid produced was dependent upon the  available lignin content of 
the  pulp and not the temperature or oxidant concentration. The last 

oxidative stage produced negligible amounts of oxalic acid as t he  lignin 

content of the pulp was reduced to practically zero. 
Efficient washing can reduce the magnitude of the problems caused by 

oxalate. The fil trates in the laboratory study removed 85-90% of the  
total  oxalic acid found (both entering and formed). The C-stage fil trates 
alone removed 50% of the  total. The reuse of the  fi l trates must be done 

with ca re  to avoid the accumulation of oxalic acid and its precipitation 

with calcium ions at the  higher pH's. 
The oxalate content in t h e  last D f i l t ra tes  was two times higher in the 

HCa sequence than in the HNa. The calcium oxalate crystals t h a t  are 
suspended in the waters of the bleach room and the  paper mill and the 
calcium oxalate crystals that  are formed from dissolved oxalic acid a re  
the primary source of the oxalate scale problems. The calcium oxalate 
t h a t  is adsorbed on the fibers is a secondary source. High calcium 

concentrations in the waters caused by the use of calcium hypochlorite 
(and other sources of Ca such as hard water and incomplete sedimentation 
at calcification of green liquor) intensify the  problem of scale formation. 

High bark content in the furnish, inefficient washing, recycling of the 
wash waters and Ca-hypo bleaching are t h e  factors most likely t o  cause 
putty and scaling in the bleachroom. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
4
0
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



456 KRASOWSKI AND MARTON 

EXPERIMENTAL 

Laboratory Bleaching of Pulp 

Neverdried regular mill hardwood kraft  pulp was used in this study. 

The three bleaching sequences CEDED, CEHCaD, and CEHNaD, that were 
followed are briefly outlined in Figure 2. The brown stock pulp was 

divided into eight 500 gram (oven dry basis) portions, and treated with C12 
and caustic. The chlorinations were done in duplicate and then blended 
a f t e r  t he  extraction so t ha t  there would be a sufficient quantity of pulp 
for sampling at each of t h e  subsequent stages. The chlorinations were at 
two concentrations of applied C12: at  1.92% CI2 and 2.56% C12, two 

temperatures 25OC and at 45OC. All  of the C-stage pulps were at 2% 
solids during bleaching. After bleaching the  pulp slurry was filtered under 

vacuum and the  pulp was washed with 6 l i ters of deionized water. 
Each of t he  C-stage pulps was then t reated with sodium hydroxide a t  a 

concentration of 65% of the  C12 concentration. All of t he  E-stages were 
at 73OC for 45 minutes, 10% solids, followed by a dilution to 476 solids and 

filtering, then washing with 6 liters of water. The pulps t h a t  were t reated 
under identical condition were mixed together and divided into 9 por- 
tions,to make a to t a l  of 36. Three of these were t reated with C102, three 

with Ca (C10)2, and three with NaCIO. The DI-stage pulps were t reated 
with NaOH followed by C102. The H-stage pulps were treated with C102 

for the final stage. Samples were taken from each of the  stages: pulps 
and filtrates. 

The amount of applied oxidant (expressed as % CI2) in the third s tage 
was varied from 0.52 t o  3.55 for the sodium and calcium hypochlorites, 

and from 0.20 to 1.35% C102. The amount of applied oxidant in the  last 
stage was adjusted to obtain a brightness target of 90. 

Analysis of Pulp and Filtrates for Oxalic Acid 

Both pulp and f i l t ra te  samples were made slightly alkaline using 1 
NaOH in order t o  prevent a sublimation loss of t h e  f r e e  oxalic acid during 

drying. The pulps and fi l trates were oven dried at 105OC. A 2 g portion 

of the  0.d. pulp was t reated with 50 ml of 10% H2SO4 in anhydrous 
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FORMATION OF OXALIC ACID 457 

ethanol (by volume). The residues from drying 50 ml portions of the 
f i l t ra te  samples were placed in 125 ml  erlenmeyer flasks and agitated 

vigorously overnight (16-20 hours) on a mechanical shaker at ambient 

room temperature in order t o  form t h e  diethyl es ter  of oxalic acid. The 
solvent was separated from the sample by either decanting or filtering, 
and the  volume was measured t o  correct  for t he  amount of alcohol that  
was wetting the pulp samples. An equal volume of water was added to the 
alcohol in a separatory funnel and the  diethyl oxalate was extracted four 
t imes with chloroform (one 10 ml volume and three 5 ml volumes). The 

chloroform was dried over MgS04 and the  volume was recorded. This 
extraction procedure is similar t o  a published method used for tobacco 

13 analysis where methyl esters of dicarboxylic acids were made . 
The diethyl oxalate was quantitated via gas chromatography using a 

0.1% SP-1000 on 80/100 Carbopack C, 6’ x 1/8” S.S. column (Supelco, Inc., 
Bellefonte, PA) The gas chromatograph was a Model 5830A (Hewlett- 
Packard, Avondale, PA), which was temperature-programmed from 165OC 
to 18OoC at O.S°C/minute with a N2 carrier flow of 30 cc/minute. All 
solvents and chemicals were reagent grade or bet ter  purity and used 

without further purification. 

Analysis of Bark Chips and Bark-Free Wood Chips 
Samples were oven dried, ground in a small blender jar and t reated as 

above for oxalic acid. 
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