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Abstract: The advantages and disadvantages of washing and pickling of alkali metals 

with biomass fuels are listed and the influence of additives on alkali metals is 

highlighted the fixing effects of different additives on alkali metals, especially K, at 

different temperatures are compared. The conclusion is that the retention effect of 

alkali metal on kaolinite is obvious. The main component of kaolin is Al2O3·2SiO2·2H2O, 

which generates high-melting aluminosilicates during the combustion or gasification of 

biomass fuels. They are fixed in the solid state and do not enter the gasifier or 

combustion furnace behind them, which can greatly reduce equipment corrosion. 
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1.Introduction 

The continuous haze weather has had a serious impact on people's lives and health. In 

order to improve environmental issues, China government has forced the elimination of 

small-scale coal-fired industrial boilers and has begun to promote natural gas boilers. 

However, the proven natural gas energy in the world is only enough for human beings 

to use for 60 years. China's per capita consumption of natural gas energy is less than 

5%. A serious shortage of natural gas supply will be a problem China will have to face 

for a long time to come. In comparison, biomass energy has some advantages, such as 

renewable, large body weight, low ash and sulfur content, and carbon neutrality, and 

accounts for 14% of the world's total energy consumption and is used by about 1/2 of 

the world's population for life energy. In China, biomass energy has also received 

strong support from government-related policies in recent years and has thus achieved 

rapid development. However, there are alkali metal corrosion problems in the use of 

biomass fuels, so some alkali metal processing is needed. At present, the main 

treatment methods are washing, pickling and adding additives. 
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2.Three Alkali Metal Treatment Methods 

2.1 Biomass Washing  

The disadvantage of water washing is that most of the AAEMs can be removed, but 

there are still a lot of residual AAEMs for the large-scale boilers, and the removal rate 

of Ca and Mg is very low. 

(1) Jiang Long, from Huazhong University of Science and Technology, took the straw 

as the experimental raw material for water washing, and reached the following 

conclusion [1]: Most of the K and Na in the washed rice straw can be removed, and the 

removal rate is over 80%, but the removal rate of Ca and Mg is very low [1]. 

(2) Li Wei of China University of Mining and Technology also came up with similar 

conclusions when using wheat straw and rice straw by washing [2]: Alkali metal in 

wheat straw and rice straw after washing treatment have significantly decreased. 

 
2.2 Biomass Pickling  

Pickling can further reduce the content of AAEMs in the biomass, but it will destroy the 

original structure of the biomass. 

(1) Jiang Long, Huazhong University of Science and Technology, made the following 

conclusion when using rice straw as the experimental raw materials [1]. It can be 

clearly seen from the table that the pickling further removes the AAEMs compared to 

the water wash, and the degree of reduction is related to the concentration of the 

pickling solution. The greater the acidity, the higher the removal rate. However, 

pickling will change the structure of the original pores of the biomass, and the strong 

acid solution will bring impurity elements such as P, Cl, S, and N to the biomass sample 

during the processing of the biomass, causing potential pollution to the following 

products of the biomass, and increasing the cost of separation and purification of the 

following products. 

(2) When Li Wei studied the effect of strong acid on biomass fuel, he found that both 

the ignition points and the burnout temperature of the fuel after the strong acid 

treatment increased, and the strong acid caused the combustion stage of the two crop 

straw volatiles to shift to the high temperature region, and the shoulder peak was 

enhanced. However, the combustion stage of the fixed carbon also shifts to the high 

temperature region, and the shoulder peak weakens [2]. 

 

2.3 Additives  

The principle of the additive in the reaction is that the additive reacts with the alkali 

metal to form high-melting salts so that no gaseous alkali metal is formed into the 

boiler. The additives currently used generally include kaolinite, Al2O3, CaO, coal, SiO2, 
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and so on. The removal rate of AAEMs is also different for different additives at 

different temperatures. 

(1) According to Xie Zeqiong of South China University of Science and Technology, the 

order of the retention capacity of alkali metal potassium by different additives at 500°C 

is: kaolinite>Al2O3>CaO>coal [3]. Because the additives cause the alkali metal to form 

aluminosilicates, and the melting point of the aluminosilicates is so high that the alkali 

metals are difficult to release into the gaseous state. At 800°C, the solid-flow capacity 

of different additives for potassium is: kaolinite>coal> CaO > Al2O3. 

Therefore, it was concluded that the best fixed K power is the decoking agent and 

kaolin. 

(2) Liu Bing from Henan Institute of Science and Technology made conclusions after 

extensive experiments with Al2O3, CaO, Fe2O3, MgO, (NH4) H2PO4, and SiO2[4]. (SII is 

the sintering index, the smaller the value, the better the retention of the additive on the 

alkali metal) 

1)The additive MgO has a very good effect of relieving slagging. There is almost no 

slagging problem, and it can be used as an ideal additive with a small percentage of 

added mass. For rice stalks, the suitable addition ratio can be n(Mg)/n(K)=2.5 and the 

SII value is about 0.4; for wheat straw, the suitable addition ratio can be 

n(Mg)/n(K)=2.5, SII value is about 0.3; for corn stalk, the suitable adding ratio is 

n(Mg)/n(K)=2, and the SII value can reach about 0.4. 

2)The additive CaO is an ideal additive, and the overall effect is very good. Finally, the 

SII value of the three straws is stable at about 0.2. At 800°C, for rice stalks, the SII 

value reaches 0.3 when the addition ratio is n(Ca)/n(K)=2.5; for wheat straw, the SII 

value reaches 0.4 when the addition ratio is n(Ca)/n(K)=2. for corn stalks, when n(Ca): 

n(K)=1.5, the SII value reaches 0.29. In short, CaO is an ideal additive. 

3)Additive (NH4) H2PO4 can relieve slagging effect on the three kinds of straws under 

the proper additive ratio. For rice stalks, when n(K)/n(P) = 1:1, the SII value can reach 

0.33, and the effect of relieving slagging is very satisfactory. However, as the 

proportion of addition increases, the SII value increased sharply, which not only failed 

to alleviate, but also increased the slagging phenomenon. For corn straw and wheat 

straw, the effect of additive (NH4) H2PO4 on relieving slagging under any additive ratio 

was unsatisfactory. 

4)Additive Al2O3 can also play a role in relieving slagging of three kinds of straw with 

the increase of the ratio of addition, but the effect of mitigation is unsatisfactory, and 

the SII value is maintained at 1 or more. 

5)Additive Fe2O3 can also play a role in relieving slagging, but it is not suitable as an 

additive for three kinds of straw because of a large amount of addition. SiO2 has no 

obvious effect on relieving slagging and is not suitable as an additive. 
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(3) Wang Yan of Shandong University used phosphoric acid as an additive, straw and 

cotton stalks as raw materials for the combustion test of biomass. It was found that at 

1100°C, (NH4) H2PO4 was stronger than Ca(H2PO4)2 in K fixation capacity [5]. 

(4) Wei Wei et al. directly burned eucalyptus twigs at 800°C and added kaolin to test. 

It was found that the former 60S of combustion, kaolinite retention effect on potassium 

is not obvious, but latter 60S there is a significant increase, while the release of organic 

K at former 60S, the release of inorganic K at latter 60S. So, the addition of kaolin to the 

retention of organic potassium is not obvious, and the retention of inorganic potassium 

is obvious. In addition, Kaolin as an additive with different mass fractions was used to 

conclude that when the addition of 5% kaolin, the retention rate of K reached 15%, it 

has reached saturation, and adding more kaolin does not appear better effect. The final 

conclusion is that 5% of kaolin will retain about 50% of K [6]. The similar conclusions 

with Xie Zeqiong. 

(5) The Bie Lushan team developed an additive on its own, which was not disclosed, 

but the data showed that both the deformation temperature and the softening 

temperature of the ash melting point were above 1200°C [7]. According to Bie 

Lushan’s China patent—a solid fuel additive for biomass solidification, it can be 

speculated that the additive contains Al2O3, Fe2O3, and kaolin, and the effect of this 

additive on fixing alkali metals is very obvious. 

(6) Ma Xiaoqin et al. used coal-fired ash, kaolin, diatomaceous earth, Al2O3 and CaCO3 

as additives to directly burn the raw material of wheat as a raw material and conducted 

experiments. It was found that Coal-fired ash and kaolin can effectively reduce the 

mass fraction of water-soluble chlorine in sediments. Kaolin can relieve corrosion on 

the surface of the superheater, but it is found that there are still hard slag sticks on the 

furnace wall, but no further experiments have been conducted. However, Ma et al.'s 

experiments found that the addition of kaolin will increase the emission of SO2[8]. 

 

3.Conclusion 

The low cost of water washing can remove most of the AAEMs. For less demanding 

gasifiers and boilers, water washing can be used to pretreat the biomass fuel. 

Pickling is more effective than washing to remove AAEMs and can further remove 

AAEMs from biomass. However, pickling will affect the structure of biomass itself and 

change the original pore structure of biomass. So, pickling is not a good way to remove 

AAEMs. 

The additives can significantly remove the alkali metals in the gasifier. The effect of 

different additives on the removal of AAEMs is also different, with kaolin being most 

effective. 
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