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Oxalate exists in plant tissue in the form of soluble and insoluble salts. 
Determination of the oxalate content in a raw material is important for 
controlling oxalate scaling during the pulping and papermaking 
processes. In this study, oxalate extraction and determination of the total 
and soluble oxalate contents in several pulping and papermaking raw 
materials were investigated. It was found that soluble oxalate can be 
extracted completely by distilled water at 70 °C within 180 min.  Total 
oxalate can be extracted completely by 2-mol/L hydrochloric acid at      
70 °C within 210 min. 
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INTRODUCTION 
 

 Oxalic acid is a common, widespread constituent of plants (Andrews and Viser 

1951). It occurs as a free acid in the form of soluble salts of potassium and sodium (Baker 

1952). It can also be present in precipitated form, mostly with calcium, magnesium, and 

iron (Buonocore 1955; Noonan and Savage 1999; Yu and Ni 2005). Soluble oxalates 

(oxalic acid and soluble salts) and insoluble oxalates (predominantly calcium oxalate) can 

be extracted from a material using hot distilled water and acid solution, respectively 

(Hönow and Hesse 2002). According to recent studies, the oxalate content in materials 

varies, mainly depending on the plant family, plant organ, soil quality, and climate 

(Kasidas and Rose 1980; Siener et al. 2006). However, in the pulp and papermaking 

industry, the duration of storage can also affect the oxalate content because 

decomposition of microbes produces oxalate (Singh et al. 2010). 

 In addition, it was found that oxalate was formed during the pulping and 

bleaching processes (He et al. 2003; Yu and Ni 2005; Yu and Ni 2007; Li et al. 2012). 

Oxalate in bleaching effluents can combine with a variety of alkaline-earth metals and 

form salts with low solubility, leading to a series of scaling problems (Yu and Ni 2006; 

Winestrand et al. 2014). Scaling has negative impacts on the operation and the quality of 

the products alike (Nilvebrant et al. 2002). Determining the oxalate content in the raw 

material is useful in that it can used to adjust the pulping process, potentially limiting 

scaling.  

           In previous studies, Zarembski and Hodgkinson observed that the separation of 

oxalic acid from food by extraction with hot hydrochloric acid can lead to high results  

oxalate generation from carbohydrates and other compounds (Zarembski and Hodgkinson 

1962). However, Libert and Franceschi (1987) observed that dissolution of CaOx was 

frequently done using hot acids to avoid incomplete extraction and any oxalate generation 

due to oxidation of ascorbic acid (Libert and Franceschi 1987; Moßhammer et al. 2006). 
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On the other hand, Hönow and Hesse found that total oxalate was extracted with 2-mol/L 

hydrochloric acid (Hönow and Hesse 2002). The experiment indicated that D(+) glucose 

and D(-) fructose could not be converted to oxalate in the presence of hot hydrochloric 

acid. In the present investigation, the effects of different factors such as temperature and 

time on oxalate extraction were studied to determine the optimal extraction conditions for 

soluble and total oxalate. The concentration of oxalate in the extraction liquor was 

determined by headspace gas chromatography (HS-GC) (Chai et al. 2006). The most 

significant benefit of this work is that it provides reliable extraction conditions for 

determining the oxalate contents in pulp and papermaking raw materials. 

 
 
EXPERIMENTAL 
 

Chemicals and Materials 
 Chemicals (i.e., HCL, H2SO4, H3PO4, CH3COOH, glucose, and xylan) used in the 

experiment were of analytical grade. Raw materials were provided by Guangdong 

Dingfeng Paper Co. Ltd. (China). The raw materials were then cut into small pieces with 

a stainless steel knife and ground in a grinder. Solids retained on a 40-mesh screen were 

considered rejects and those retained on a 60-mesh screen were accepted.  

 

Methods 
Extraction experiment 

 Extraction experiments were carried out in a container with 5.0 g of bamboo 

(eucalyptus) powder and 500 mL of extraction solution (distilled water, hydrochloric 

acid, sulfuric acid, acetic acid, or phosphoric acid) immersed in a water bath at constant 

temperature. During the extraction experiment, a certain volume of extraction solution 

was taken from the container for analysis. Table 1 provides more detailed information 

about the conditions of the extraction experiments. 

 

Table 1. Extraction Process Conditions 

Parameters Experiment conditions 

Extraction Time (min) 30, 60, 90, 120, 180, 240, 300, 360, 420,600 

Temperature (°C) 50, 60, 70, 80, 90 

Extraction Medium H2O, HCL, H2SO4, H3PO4, CH3COOH 

HCL Concentration (mol/L) 0.5, 1.0, 1.5, 2.0, 3.0, 4.0 

Liquid-to-Solid Ratio 100:1 

 

Oxalate determination  

 Determination of the oxalate concentration was done using an Automatic 

Headspace Sampler and a Model HP-6890 capillary gas chromatograph (Agilent 

Technologies, Palo Alto, CA, USA) using a thermal conductivity detector (Chai et al. 

2006; Li et al. 2008; Li et al. 2014). 
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RESULTS AND DISCUSSION 
 

Extraction and Determination of Soluble Oxalate 
Effect of temperature 
 Oxalate in the raw material exists partly in the form of soluble salts (free oxalate 

acid) which can be extracted with distilled water at different temperatures. The effect of 

temperature on the extraction of soluble oxalate of two materials is shown in Fig. 1 (a) 

and (b) (a: bamboo b: eucalyptus). The date showed the soluble oxalate content in the 

extraction liquor increased with increasing temperature. As shown in Fig. 1(a) and (b), 

the extraction at 70 °C was sufficient to completely extract the soluble oxalate under the 

given conditions. Thus, the temperature of 70 °C was used in subsequent studies. 
 

 
Fig. 1. Effect of temperature on the extraction of soluble oxalate with water (a: bamboo;  
b: eucalyptus) 

 
Effect of time 

 As can be seen in Fig. 2 (a), the majority of the soluble oxalate was removed at 

the beginning of the extraction. After 150 min of extraction, the soluble oxalate content 

reached a maximum and was maintained at an almost constant value. It was concluded 

that soluble oxalate was completely extracted. These trends were in agreement with 

eucalyptus. At this point, the content of soluble oxalate of bamboo and eucalyptus was 

0.79 g/kg and 1.09 g/kg, respectively. Therefore, the extraction time of 180 min was 

chosen. 

 

 
 
Fig. 2. Effect of time on the extraction of soluble oxalate with water (a: bamboo b: eucalyptus) 
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Extraction and Determination of Total Oxalate 

 In order to determine the total oxalate content in plants, different acids 

(hydrochloric acid, sulfuric acid, acetic acid, and phosphoric acid) were used as 

extraction media in different experiments. Meanwhile, the effects of other extraction 

conditions, such as the concentration of the extraction medium, the extraction time, and 

the temperature, on the degree of extraction are discussed below. 

 

Effect of different acids  

Precipitated oxalate is almost always in the form of calcium oxalate in raw 

materials (Franceschi and Horner 1980). Different acids may have different influences on 

the dissolution of oxalate. Strong acids (hydrochloric and sulfuric acid) and weak acids 

(acetic and phosphoric) were used as extraction media to find out which acid would 

dissolve all oxalates with other conditions kept constant. The change in oxalate 

concentration using the different acid extraction media is shown in Fig. 3(a) and (b). The 

oxalate content of bamboo and eucalyptus extracted by hydrochloric acid was about     

2.2 g/kg and 2.75 g/kg, which was much higher than that of the other acids, around 1.00 

g/kg and 1.30 g/kg. Jadprasong et al. found that levels of total oxalate content of 4-

cultivated bamboo shoot was more than 1.5 g/kg, and total oxalate was extracted by 2-

mol/L hydrochloric acid at 80 °C within 15 min (2006). In addition, the results in Fig. 

3(a) and (b) showed that hydrochloric acid functioned better than the other acids. One 

explanation could be that calcium oxalate dissolves easily in hydrochloric acid and is 

slightly soluble in dilute acid. Another reason could be that calcium can combine with 

sulfate ion and form precipitate gypsum species, e.g. the hemihydrate or the dihydrate of 

calcium sulfate with low solubility, and calcium phosphate mineral species are less 

soluble than the gypsum mineral compounds. In addition, total oxalate extraction 

increased with extended time. However, the total oxalate content remained unchanged 

when the time reached 210 min. Therefore, hydrochloric acid was selected as the 

extraction medium to determine the total oxalate contents of raw materials, and the 

proper acid extraction duration was 210 min.  

 

 

Fig. 3. Effect of different acids on oxalate extraction, concentration of all acids is 2 mol/L  
(a: bamboo b: eucalyptus) 
 

Effect of hydrochloric acid concentration  

The influence of hydrochloric acid concentration on the dissolution of oxalate was 

studied. As is shown in Fig. 4(a) and (b), oxalate content increased when the hydrochloric 

acid concentration was increased from 0.5 to 2 mol/L, then leveled off when the acid 
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concentration was further increased from 2 to 4 mol/L. The effect of hydrochloric acid 

concentration reached a plateau at 2 mol/L. Thus, the proper concentration of 

hydrochloric acid was judged to be 2 mol/L under the given extraction conditions. These 

results are in agreement with those of Hönow and Hesse (2002). 

 

  
Fig. 4. Effect of hydrochloric acid concentration on oxalate extraction (a: bamboo b: eucalyptus). 

 

Effect of extraction temperature by hydrochloric acids 

Temperature was an important parameter during extraction because it affected the 

dissolution of oxalate. As is shown in Fig. 5 (a) and (b), the oxalate content of two 

materials in the extract rapidly increased as temperature rose from 50 to 70 °C, then 

leveled off when the temperature was further increased from 70 to 90 °C. This is because 

the dissolution reaction absorbs heat from the surrounding environment, making it easy 

for all oxalate to be dissolved from within the material at increased temperature. The total 

oxalate content had been completely dissolved from the raw materials when the 

temperature exceeded 70 °C. In this work, a mild temperature (70 °C) was selected as the 

extraction temperature. This was in line with the work of Häärä et al. (2013), who found 

that CaC2O4 precipitated in pulp can be in soluble form, thus facilitating analysis with 2 

mol/L hydrochloric acid at 70 °C for 30 min. 

 

 

Fig. 5. Effect of temperature on oxalate extraction (a: bamboo power b: eucalyptus power). 

 

Zarembski and Hodgkinson (1962) suggested carbohydrates as a source of oxalate 

generation by extraction with hot acid. Therefore we tested glucose and xylan at the 

condition of 2-mol/L hydrochloric acid at 70 °C within 210 min. None of the investigated 

substances (glucose and xylan) could be the source of the oxalate generation during 
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extraction with  2-mol/L hydrochloric acid at 70 °C within 210 min. The values obtained 

in this work were in agreement with those of Hönow and Hesse (2002) and indicated that 

suitable extraction conditions are 25% hydrochloric acid at 100 °C.  

 

Application 
The developed method was applied to determine the contents of soluble oxalate 

and total oxalate in several pulping materials. The results are shown in Table 2. 

 
Table 2. Contents of Total and Soluble Oxalate in Other Pulping and 
Papermaking Raw Materials* 

Material Total Oxalate (g/kg) Soluble Oxalate (g/kg) 

Acacia 2.3 1.3 

Pine 1.4 1.3 

Bagasse 2.8 1.4 

* Soluble oxalate in materials was extracted in hot distilled water at 70 °C within 180 min, and 
total oxalate was extracted with 2 mol/L HCl after 210 min at 70 °C 

 
 
CONCLUSIONS 
 

1. Extraction and determination of the total and soluble oxalate contents in various 

pulping and papermaking raw materials were achieved.  

2. Soluble oxalate in the pulping and papermaking raw materials can be extracted 

completely in hot distilled water at 70 °C within 180 min, and total oxalate can be 

extracted completely with 2 mol/L HCl after 210 min at 70 °C.  

3. The developed method can be used determine the soluble and total oxalate contents in 

pulping and papermaking raw materials. It is well-suited for use in the pulp and paper 

industry.   
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