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ABSTRACT

The high silicon content in green liquor of bamboo pulping affects the progress of alkali recovery, and it is also
disadvantageous to the recycling of quicklime mud. The effects of quicklime charge and free-CaO content in quicklime on
silicon removal with pre-causticization as well as adding Aluminum salt modified Bentonite in the process of silicon removal
with pre-causticization were studied in this paper. The results showed that when quicklime with 62% and 81% free-CaO
were charged 20% to 30%, the silicon removal rate in the process could be up to 48%-58% and 60%-77% respectively.
When quicklime dosage was increased to 30%-40%, silicon removal rate increased little. As adding Aluminum salt modified
Bentonite in the process of pre-causticization, silicon removal rate could be reached t099.9%.
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Introduction

Bamboo resources are rich in China which account for one-third of
the world[1] and widely distributed in Fujian Province, Sichuan
Province, Guangxi Province, Guangdong Province, Hunan
Province, Guizhou Province, Yunnan Province and so on. The
quality of bamboo fiber is between the softwood fiber and hardwood
fiber, while it is better than that of ordinary non-wood raw fiber.
Therefore, aiming at being lack of wood resource in China,
improving the proportion of bamboo pulp in papermaking raw
materials has important strategic significance. However, due to
high silicon content in bamboo whose element is belonged to the
non-process elements in green liquor [2-3]; Reaction of silicon with
sodium hydroxide during Kraft pulping generates a lot of sodium
silicate which goes into the black liquor. Finally, it causes a series of
problems in alkali recovery system; Silicon element is not so
removed and will tend to build-up in the liquor system with
increased system closure [4]; In the evaporation process, because
of the presence of silica, the viscosity of black liquor will increase
with the concentration of silica, thereby affecting the evaporation of
black liquor and resulting in scale [5-6]; due to the high melting point
of sodium silicate, the combustion of black liquor requires a higher
temperature and energy consumption; during the process of
causticizing, sodium silicate in green liquor is transferred into
calcium silicate, the particles of which are so fine that they are
difficult to precipitate and filter, so washing white mud is difficult,
residual content of alkali in white mud is high and the loss of alkali is
also high; as white mud is calcined and quicklime is recycled, high
energy consumption is required due to the calcium silicate. These
are collectively known as “Silicon Interference” [7].
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Aiming at the “Silicon Interference” in the process of causticization
and recycling quicklime, researchers have proposed many
solutions and have done some useful explorations which have
played a positive role in the reduction of the silicon interference. The
economically and technically feasible methods are; 1. Carbon
dioxide is applied to pass through green liquor, and the pH of green
liquor reduces, so the silicon element is precipitated in the form of
silicic acid. After filtration, the silicic acid is separated from the
green liquor, the silicon removal rate is up to 90%. When the
desilicated green liquor is passed multi-effect evaporation system,
the concentration of green liquor can increase to enough level for
causticizing. But the pH of desilicated green liquor is low, and needs
to adjust back to high alkalinity [8]. 2. Chemical precipitation and
evaporation. A recent experiment is reported by Huuha et al. [9],
where the treatments are applicable and effective to remove target
pollutant from the samples. At the same SiO, concentration of 200
mg/L, 0.10 g/L of dose, pH 10.5 and 303 K, the integrated chemical
precipitation using Fennofix type FF40 and evaporation could
remove 96% of silicon. This finding is slightly higher than those of
similar precipitation using CaO and electro-coagulation in other
studies, which could accomplish 93% and 95% of silicon removal
respectively at initial SiO, concentrations of 954 and 250 mg/L. 3.
Quicklime is added to the green liquor with two stages of
causticization in this silicon removal method. In the first stage, only
30% quicklime is added in pre-causticizing, and white mud
produced in pre-causticizing was discharged outside of factory. In
the second stage, the rest 70% quicklime is added in causticizing,
the white mud is calcined and quicklime is recycled to
causticization. The mechanism is that when adding the small
amount of quicklime in pre-causticization process, the diffusion rate
and the reaction rate of silicate ion is higher than carbonate ion, so
silicon removal rate is also high[10-12]. However, Pulping mills use
the silicon removal process with pre-causticization. In this company,
30% quicklime is added in first stage, the reaction temperature is
95°C, and residence time is 2min. After first stage, 54% silicon of
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green liquor is brought out by white mud. But white mud in the
second stage has 46% silicon in the total silicon content, and silicon
removal rate is much lower than that in laboratory and related
reports, so “Silicon Interference” problem still exists. 4. Efficient
adsorbent synergistic quicklime in pre-causticizing and silicon
removal. Modified bentonite has the properties of high adsorption
and expansion and is widely used in papermaking systems which
showing many advantages. For example, there is great
development in retention and drainage, fillers as well as paper
wastewater treatment. Especially in wastewater treatment, which
utilizes the high adsorption of modified bentonite to treat with
wastewater [13] , adsorb organic in black liquor [14] and as a
coagulant to deal with wheat straw black liquor [15]. But there is no
research on silicon removal of bentonite. Itis the new discovery that
aluminum salt modified bentonite has the high utility of silicon
removal in pre-causticization by our group.

Experimental
Raw materials and reagents

The green liquor was provided by Guizhou Chitianhua Paper
Industry Co.,Ltd. Its composition were: total alkali 137.21g/L, active
alkali 39.88g/L, Na,CO, 97.27g/L, Na,S 31.94g/L, SiO, 4.36 g/L,
pH=13.64.

The main experimental chemicals were: aluminum sulfate, oxalic
acid, nitric acid, ferrous ammonium sulfate, ammonium, molybdate,
potassium, etc. (They were all analytical grade.).There were two
kinds of quicklime in use: 1# was analytical grade quicklime; 2# was
quicklime provided by Guizhou Chitianhua Paper Industry Co.,Ltd.
(Free calcium oxide content in 1# quicklime was 81%; free calcium
oxide content in 2# quicklime was 62%. Free CaQ is called f-Ca0),
Aluminum salt modified Bentonite (AIMB).

Experimental Methods

The silicon removal method for Green liquor

Method 1.

Silicon removal by pre-causticization: certain proportion of
quicklime was added into the green liquor, and then the causticizing
temperature was kept at 92°C by water bath. The reaction time was
25 min, stirring continuously. When the reaction finished, the
solution was cooled to room temperature, and then the upper green
liquor was took out to detect the silicon removal rate.

Method 2.

Silicon removal with AIMB in green liquor: Certain proportion of
AIMB were added into the green liquor, an and then the causticizing
temperature was kept at 92°C by water bath. The reaction time was
10 min, stirring continuously. When the reaction finished, the
solution was cooled to room temperature, and allowed to separate
into layers. Then the upper green liquor was took out to detect the
silicon removal rate and pH. In addition, the insoluble precipitate
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were filtered off and washed repeatedly by deionized water, and
then the precipitate was dried in an oven, milled and mixed. Finally,
the spectroscopy analysis method was used to detect the element
of precipitate.

Method 3.

Silicon removal with AIMB in the process of pre-causticization:
Silicon removal with AIMB and quicklime: firstly, quicklime and AIMB
were added into the green liquor and the consequent experiment
was carried out as method and The insoluble precipitate was
analyzed asin method 2.

The spectrophotometer was used to measure silicon removal rate.
Sodium silicate was converted into silicic acid under slight acid
environment. The molybdate was formed into silicon-molybdenum
blue complex. Then the silicon removal rate is measured by

colorimetric analysis ™.

Experimental equipment

DR-4000V spectrophotometer, Hach Company, America; Hitachi S-
4800-type field emission scanning electron microscope with EDX,
Hitachi, Japan; DHG-9123A electric oven thermostat blast, Yiheng
Technology, Shanghai, China; A1835000 electric stirrer, Aice
Technology Co., Ltd, Shanghai, China; HH-8constant temperature
water bath, Huanyu Scientific instrument plant, Jiangsu, China;
PHS-3C pH meter, Shanghai Jing Branch Instrument.

Results and Discussion

The effect of the content of quicklime on silicon removal rate of pre-
causticization

QuickLime is the important raw material in alkali recovery system.
Therefore, the effect of the content of quicklime and f-Cao on silicon
removal rate of pre-causticization was studied in this paper. In the
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Fig.1 The effect of the content of quicklime on the
silicon removal rate of pre-causticization.
-m- 1# Rate of silicon removal; -e-2# Rate of silicon removal.
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Fig.1, under the same content of quicklime, 1# silicon removal rate
is higher than 24# silicon removal rate due to the fact that quicklime is
made up by f-Cao and f-CaO (combination of calcium oxide), f-CaO
can react with H,0, while f-CaO cannot react with H,O. In the pre-
causticizing reaction, f-CaO in quicklime first reacted with H,0, and
then the rest of chemical reactions happened. The content of f-CaO
in 1# quicklime was 81%, while content of that in 2# quicklime was
62%, so the silicon removal rate of 1#quicklime was higher than that
of 2#. It can be concluded that improving the silicon removal rate
can be obtained by increasing the content of f-CaO during pre-
causticzing green liquor.

In addition, when the dosage of quicklime in pre-causticization was
less than 30% of the lime consumption in causticizing, no matter the
quicklime was 1# or 2#, the silicon removal rate was increased with
the increase of f-CaO content and when the quicklime dosage was
30%-40% of the lime consumption, the silicon removal rate did not
increase significantly. Because the quicklime was added with a
certain amount in green liquor, the entire system reached
equilibrium and the silicate ions was no longer precipitated from
green liquor in the form of silicate. Therefore, increasing quicklime
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-m- Rate of silicon removal; -A - pH.
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Fig2. The effect of the dosage of AIMB on silicon
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Fig3. Energy spectrum of bamboo green liquor and insoluble
precipitate which is added 40g/L AIMB

Fig3a. Energy spectrum of bamboo green liquor

Fig3b. Energy spectrum of bamboo green liquor which is
added AIMB

Fig3c. Energy spectrum of insoluble precipitate

content was not feasible for improving silicon removal efficiency in
pre-causticization.

The effect of the dosage of AIMB on silicon removal rate and pH of
green liquor

There are 2 curves in Figure 2. The one increased with the increase
of AIMB is curve 1 which is called silicon removal rate curve. It
showed that when the dosage of AIMB was 40g/L, the silicon
removal rate could reach 99.9% and there was a sharp upward
trend of silicon removal rate after 10g/L. The other one curve
decreased with the increase of AIMB is curve 2 which is named as
pH curve. Itis described that when the dosage of AIMB was 40g/L,
pH decreased to 13.02. Generally speaking, comparing with
aluminum salt, AIMB had less effect on pH of green liquor. After
measuring, aluminum salts had great influence on pH of green
liquor, which reduced to 11.20 when the silicon removal rate
reaches at 90%. Therefore, it is indicated that AIMB did not release
much aluminum ions which was free in green liquor to reduce pH,
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but it adsorbs silicon on itself for silicon removal. Above all, the
optimum silicon removal rate could reach at 99.9% when the
dosage of AIMB was 40g/L, and AIMB had less effect on pHin green
liquor relatively. Likewise, The energy spectrum of Figure 3(a, b, ¢)
proved AIMB had high efficiency on silicon removal so that silicon
element reduced significantly. And aluminum element did not
increase obviously in green liquor (Figure 3b), while it was detected
with a large number in the precipitation (Figure 3c). Study indicated
[17] that wood fiber raw materials does not produce “Silicon
Interference” problem in causticization of green liquor and
calcination of white mud, due to the content of silicon was less than
0.9g/L (based on SiO,) in the green liquor. So adding AIMB in pre-
causticization can decrease or solve the “Silicon Interference”
problem.

Effect on the rate of silicon removal and pH with AIMB in the process
of pre-causticization
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Fig4. Effect on the rate of silicon removal and pH with
AIMB in the process of pre-causticization
-u- Rate of silicon removal; -A - pH

In the same dosage of AIBM ( 30g/L ), changing addition of
quicklime (including CaO 81%) influenced the rate of silicon
removal and pH in green liquor. As it showed in Figure 4, with the
increasing of quicklime, the rate of silicon removal first increased
and then decreased. When the dosage of quicklime was 15g/L, the
maximum rate of silicon removal could reach at 99.9%. At first, the
rate was increased by quicklime which could react with silicon.
Then, it decreased maybe due to the increasing of pH which
inhibited silicon adsorption. In addition, the pH curve increased with
the increase of quicklime It is indicated that quicklime had the
function of improving alkaline and pre-causticization. Compared to
Figure 2, adding quicklime could not only increase the rate of silicon
removal, but also compensated the pH which was reduced by AIMB.
Moreover, it is worth noting in research that the sedimentation time
of AIMB decreased from 2h to 45 minutes, comparing with Method
2. It proved that quicklime had another function to sedimentation
aid. Therefore, the purposes of adding quicklime are: 1.
Sedimentation aid; 2. Silicon removal aid; 3. pre-causticization; 4.
Reducing the dosage of AIMB.

Preliminary study on mechanism of Silicon removal with AIMB in the
process of pre-causticization.
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Fig5. Energy spectrum of insoluble precipitate which is
added 15g/L quicklime and 30g/L AIMB in green liquor

There is no relevant reports about silicon removal by bentonite, but
researchers had done various jobs on silicon removal by aluminum
salts and the form of silicon in green liquor. Several studies have
provided evidence [18] that mineral acid is neutralized sodium
silicate and the product is silicic acid in different structures which is
condensed into the fine particles in the range of colloidal disperse
phase. In addition, if there is high concentration of soluble salts in
the solution, the fine particles of silicic acid can exist in alkaline
solution. While it is suggested that when the aluminum sulfate is
added into green liquor, the content of silicon decreases due to the
product of sodium aluminosilicate by Ping Wang [19]and Bing-yue
Liu et al. [20]. The EDS was used to analyze the insoluble
precipitate element when 30g/L AIMB and 15g/L quicklime were
added in green liquor. As shown in Fig.5, the insoluble precipitate
elements all had Al, O, Na, and Si. It was probably that AIMB
adsorbed silicon, but it was no denied that the sodium
aluminosilicate was formed into the precipitate. Therefore, It
probably had calcium silicate, sodium alumino silicate and the
unknown form of silicon which is adsorbed by AIMB in the
precipitate (Figure 5). Guihua Liu et al.[21] has studied on the
structure of silicon and aluminum in the strong alkalinity. It
suggested that silicon and aluminum was formed into sodium
aluminosilicate in different alkalinity, while the structure of sodium
aluminosilicate was diverse. Therefore, except for calcium
carbonate and calcium silicate in the precipitate of pre-
causticization, the new precipitate were sodium aluminosilicate or
AIMB-Si (the mixture of AIMB adsorb silicon ).However, the
structure of silicon which is adsorbed by AIMB has not yet been fully
defined, and further studies are needed to carry out on the reaction
of adding AIMB on green liquor and white mud.

Conclusion

1. Increasing the content of f-Ca0 in the quicklime can improve
the silicon removal rate of pre-causticization in green liquor.
When the addition of quicklime with 62% and 81% f-CaO were
20%-30% and, the silicon removal rate are at 48%-58% and
60%-70% respectively. When the addition of quicklime
increased to 30%-40%, the silicon removal rate did not



increase significantly.

2. When the dosage of AIMB was 40g/L, the maximum reached at
99.9%. AIMB had high efficiency on silicon removal. The
improved method in pre-causticization was when 30g/L AIMB
and 15g/L quicklime were added in green liquor, the rate of
silicon removal also could reach at 99.9%. There are many
advantages for adding quicklime, which are: the purposes of
adding quicklime: (1). sedimentation aid; (2). silicon removal
aid; (3). pre-causticization; (4). reducing the dosage of AIMB.

3. There are two possible reasons for silicon removal by AIMB in
pre-causticization: One is that silicon is adsorbed by AIMB and
grafted on it, the other one is aluminum ion reacts with silicon
and forms a new precipitate called sodium aluminosilicate. It
has more inclined to the first saying which is proved by the
change of pHin green liquor.

Acknownledgement

The authors are grateful to the financial assistance from the
"Twelfth Five-Year" National Science and technology support
program project (2012BAD23B0201), the National Natural Science
Foundation of China (20876092) and Shaanxi University of Science
and Technology academic leader training
program(20876092).They also thank Key Laboratory of Auxiliary
Chemistry and Technology in Light Industry for supporting her
research at Shaanxi University of Science and Technology (SUST),
China. They wish to thank Guizhou Chitianhua Paper Industry
Co.,Ltd. which provided for raw material for their study.

References

[1] Jing-fang Zhu. The new pet of cellulose fiber-bamboo fiber.
Knitting Industries, 6, 23-24 (2003).

[2] M.J. Eliis, J. Empie. Towards kraft mill closure: Influence of
non-process elements on green liquor dregs settling and
filterability. Proceedings of the 56th Appita Annual General
Conference; 345-353 (2002).

[3] Kati Manskinen, Hannu Numesniemi, Risto Poykid. Total and
extractable non-process elements in green liquor dregs from
the chemical recovery circuit of a semi-chemical pulp mill.
Chemical Engineering Journal; 166(3): 154-961 (2001).

[4] Magnusson, H, Mork, K, Warnqvist, B. Non-process chemical
elements in the kraft recovery system. Proceedings of the
Society of Photo-Optical Instrumentation Engineers; 77-83
(1979).

[5] Huili, You-ming Li, Hao-zhong Chen. Study oninfluence of the
enrichment of non-process elements in clean bleaching. Paper
Science & Technology; 22(6): 30 (2003).

[6] Mdller-Steinhagen, H, Branch, C.A. Heat transfer and heat
transfer fouling in Kraft black liquor evaporators. Experimental
Thermal and Fluid Science; 14(4): 425-437 (1997).

[7] Jing-yang Liu, Peng Wang. Form change of silica in process
of pulping. Journal of Beijing institute of light industry; 17(1):
28 (1999).

[8] Xin-xin Xia, Yang Yu, Ju-quan Guo. Removal of silicon from
green liquor with carbon dioxide in the chemical recovery

Volume 26, No. 1, Jan-March - 2014

Ippta

process of wheat straw soda pulping. Tappi Journal; 12(3):
35-40 (2013).

[9] Huuha, Toni Sulevi, Kurniawan, Tonni Agustiono. Chemical
Engineering Journal. 158(3): 584-592 (2010).

[10] Ying-kai Yuan. The design and operation practice of lime
recovery rotary kiln for non-wood fibers. China Pulp & Paper
Industry; 32(6): 54-58 (2011).

[11] Tao-yun Zhang. Two-stage desilication of green liquor by
lime. Paper and Paper Making; 26(2): 64-65 (2007).

[12] N.J.Rao. Control of Effluent from the Manufacturing of
Bleached Pulp and Paper from Bagasse. Chemosphere;
4(24): 371-382 (1992).

[13] KaPoor AnooP. et al. Use of immobilized bentonite inremoval
of heavy metals from waste water[J]. Journal of
Environmental Engineering; 124(10):1020-1024 (1998).

[14] Shu-ping Liang, Xiu-li Zhang, Ping Zhou, Jian-guo Deng.
China Non-metallic Mining Industry Herald (1): 42-44 (2004).

[15] Jiu-yi Yang, Guang-fen Zhou, Zi-cheng Guo. Non-metallic
Mines 27(1): 44-46 (2004).

[16] Ying-giao Shi, Lai-bao Ding, Ping Li. A fast quantitative
determination method of silica content in paper making
industry. Journal of chemical industry of forest products; (1): 25
(2004).

[17] Andritz Ahlstrom C. “The method to reduce the green liquid
silicon content” Chinese Patent. CN.1335905A (Feb., 13
2002).

[18] Xi Zhang, Xiao-yong Zou. Research on desilicating process
from vanadium-containing liquid. Inorganic Chemicals
Industry; 40(4): 42 (2008).

[19] Ping Wang, Deng Pan, Yu Chen. Effect of desilication of
green-liquor on causticizing performance. China Pulp &
Paper; 22(11): 14-17 (2003).

[20] Bing-yue Liu. Alkali recovery of black liquor. Chemical
Industry Press; 205 (2006).

[21] Gui-hua Liu, Xiao-bin Li, Qiu-sheng Zhou. The structure of
silicon and aluminum in the strong alkali. LIGHT METALS;
6,13-16(1998).



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5

