[

ATLANTIS Advances in Engineering Research (AER), volume 169

PRESS
2nd International Conference on Material Science, Energy and Environmental Engineering (MSEEE 2018)

Influence of Temperature and Iron Phosphate on the Effect of
Poplar Sawdust Filter on Biogas Slurry

Jiawei Zhang" 22, Lianmei Wei'-?, Fangjing Sun' ¢ and Lijun Wang' 2 ¢

'School of Environmental and Materials Engineering, Shanghai Polytechnic University, Shanghai
201209, P.R .China.

2 Research Center of Resource Recycling Science and Engineering, Shanghai Polytechnic
University, Shanghai 200444, China.

a571840845@qq.com, bweilianmei@yahoo.com, ¢1262988164@qq.com, ‘Ljwang@sspu.edu.cn

Abstract. The carbonized plant powder and the purified phosphating slag are used to filter the
biogas slurry, and the filtered residue and filtrate are rationally used to solve the environmental
pollution caused by the discharge of the biogas slurry and phosphating slag. The three plant powders
(corn straw, wheat straw, and poplar wood shavings) were completely carbonized at the same
temperature, and poplar sawdust showed the best filtration performance for biogas slurry. The
carbonization of poplar sawdust and FePO4 mixed filter material was carried out at different
temperatures to form organic filter media and the biogas slurry was filtered. The results of the study
show that as the temperature increases, the filtration rate decreases, but the turbidity also decreases,
suggesting that the filtration effect is better. The concentration of water-soluble total phosphorus in

the filtrate is highest at 150°C and can be used as a liquid fertilizer.
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1. Introduction

With the increasing depletion of fossil resource and the aggravation of environmental pollution,
biogas fermentation technology has attracted more attention due to its renewable and environmentally
friendly performance [1]. As a great agricultural country, more and more biogas digesters have been
built in recent years [2]. The biogas digesters also produce anaerobic fermentation residue, i.e. biogas
slags and slags, while producing combustible gas [3]. However, people pay more attention to the
environmental pollution, which caused by the random discharge of biogas slurry and biogas slags [4].
Therefore, it is necessary to effectively and reasonably utilize fermented residue, and to develop the
ecological and sustainable rural areas [5].As we all know, biogas slurry, as the liquid part of the
anaerobic fermentation residue, preserves 90% of the nutrients, which shows excellent fertilizer
efficiency and could be used to disinfected [6-7]. The biogas slurry has been accepted by people and
used in agricultural industry due to its broad application prospect [8-9].

As a kind of non-renewable resource, phosphorus is consumed a lot every year, because phosphate
ore is being continuously exploited to be used as fertilizer. However, the distribution of phosphate
rock in the world is extremely uneven, China, Morocco, the United States and Russia together account
for more than 70 percent of the total phosphate [10]. The phosphate ore will be exhausted in the next
hundred years at the current depletion rate. Thus, it is the key point that how to use phosphorus
element wisely. With the continuous progress of industrialization, the phosphating is becoming
indispensable for building decoration and metal surface protection. But the resulting phosphating
residue was regarded as hazardous waste due to its strong acidity, high phosphorus content and the
presence of some heavy metal ions in the sludge from the phosphating solution [11]. Moreover, the
phosphating residue will influence phosphating quality even prevent phosphating film formation on
the metal surface [12]. More importantly, as the major component of phosphating residue, iron
phosphate has many advantages in many applications [13]. The conventional methods for treating the
phosphate residue are landfill, and solidification and vitrification, which are expensive and
environmentally unfriendly, as a large amount of energy is consumed [14]. Therefore, it is important
that a more reliable and economical strategy be developed to recover the major components of
phosphate residue [15-17]. The direct discharge of phosphating slag not only result in environmental
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pollution, but also wasting of resources. Thus, it is a challenge to treat phosphating slag from waste
to treasure, which is in line with the needs of social development. For these reasons, it would be very
powerful if the materials collected from waste residues could be used to remediate other
environmental concerns.

Filtration technology of biogas slurry has been investigated a lot in recent years, which has big
application space [ 18-22]. It is well known that biological organic matter contains a lot of humic acid,
which is helpful for the release of phosphorus in iron phosphate [23]. Consequently, the filtered
filtrate can be used as liquid fertilizer for agricultural development, which not only relieve the
environmental pressure caused by the random discharge of filtrate and phosphating slag, but also take
advantage of the nutrients in both wastes. The project is very meaningful and will achieve a goal of
wastes treatment with processes of wastes against one another.

In this study, we firstly mixed poplar sawdust with phosphating residue purified by high pressure
solution method. Then the mixture was carbonized at different temperature. Finally, we monitored
the effect of biogas slurry filtration by different materials. To the best of our knowledge, such an
approach has not been reported in any previous publications. We also detected the soluble total
phosphorus content in the filtrate and examine the performance of liquid fertilizer. It provides a new
method for the resource utilization of biogas slurry and phosphating slag.

2. Materials and Methods

2.1 Materials

Phosphate residue was supplied by an auto components company in Zhejiang, China. The biogas
slurry and poplar sawdust were supplied by a biological energy company in Shandong, China.
Ascorbic acid (Analytical reagent (AR), >99.7%), Ammonium molybdate tetrahydrate (Analytical
reagent (AR), >99%), Antimony potassium tartrate (Analytical reagent (AR), >99%), H2SO4
(Analytical reagent (AR), >98%), and Monopotassium phosphate (Guarantee reagent (AR), >99.8%)),

2.2 Characterization Methods

The chemical composition of the phosphate residue and purified sample was analyzed by an X-
ray fluorescence spectrometer (XRF) (XRF-1800, Shimadzu Corporation, Japan). The morphology
of the samples was characterized by scanning electron microscopy (SEM) (S-4800, Hitachi
Corporation, Japan) with the accelerating voltage at 10 kV and current at 10 mA. X-ray diffraction
(XRD) (D8-Advance, Bruker Corporation, Germany) measurements were undertaken to record the
phase composition and crystalline structure of the powder samples, operating at 40 kV and 40 mA
with a monochromatized Cu Ka radiation (A = 0.15418 nm) source. The UV-vis reflectance spectra
of the samples were analyzed by a UV-vis spectrophotometer (UV2550, Shimadzu Corporation,
Japan). BaSO4 was used as a reflectance standard.

2.3 Experiments Method

The procedures used to prepare the purified phosphating residue as described as following:
Specifically, 20 g phosphate residue and 2 g H3PO4 were mixed with 20 g deionized water in a beaker
at 80°C by high pressure solution method. After stirring for 4 h, the product was filtered and washed
with deionized water until the pH reached 7, then dried at 80°C overnight. In order to ensure the
purity of the sample, this purification process was repeated three times to remove zinc and calcium
phosphate. Subsequently, iron phosphate was added with poplar sawdust and then grinded. Finally,
the mixture was carbonized at 150°C,250°C,350°C,450°C respectively!?*2%], and were used to filter
biogas slurry.
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Table. 1 Experimental program

Temgér;lture Ma(tge)rlal F 11‘[ra1‘[1(2111\I g)ressure Filter time(min)
1 25 20 20 30
2 150 20 20 30
3 250 20 20 30
4 350 20 20 30
5 450 20 20 30

3. Results and Discussion

3.1 Composition Analysis Purified Phosphating Residue

The content of iron phosphate can be tested by CSM 08012603-2005 (Blast furnace slag -
determination of total iron content - EDTA titration) according to national standard method. Firstly,
0.2g of iron phosphate was measured to mix with concentrated hydrochloric acid in a 250mL beaker.
Then, the cold solution was transferred to 250mLvolumetric flask and measured 25.00mLsolution in
a conical flask with addition of ammonium hydroxide(1+1) and hydrochloric acid (1+1), to get pH=
1. Finally, 3mL sulfonyl salicylic acid solution was added to the conical flask at 60~70°C, and the
solution was titrated by 0.005 mol/L EDTA till the solution showed luminous yellow or transparency.

The content of phosphorus of iron phosphate can be tested by GB 11893-1989 (Determination of
total phosphorus in water by ammonium molybdate spectrophotometry) according to national
standard method. Firstly, 25.00mL treated solution by concentrated hydrochloric acid was measured
to mix with ImL ascorbic acid. Then the molybdate was added after 30 seconds and stirred evenly.
After 15min in the room temperature, the absorbance of solution was calculated at the wave length
of 700nm on the ultraviolet and visible spectrophotometer.

As shown in Table 2, the purity of FePO4 has improved 17.72% after three cycles of acid leaching.

The content of iron phosphate is calculated as following formula, in terms of mass fraction:

CepraxV x55.85 o 150.82

Wrepow = x100%
mx1000 55.85
W Fepo4 Mass fraction of FePOa, %:;
Cepta Concentration of standard EDTA solution, 0.005 mol/L;

V —— Volume of standard EDTA solution, mL;
m —— Mass of the raw material, 0.20~0.50 g;
55.85 —— Molar mass of Fe, g/mol;

150.82 —— Molar mass of FePOu, g/mol.

Table. 2 Composition before and after purification

Samples Fe P FePO,
Phosphating residue /% 29.46 20.66 79.34
Purified FePO4/% 35.28 20.08 95.02

3.2 Characterization of FePQO4

We also find that the FePO4 showed white and yellow before and after calcination. It can be seen
from Fig.1, there is no impurity on the surface of the aggregate compound particle structure. The
diameter of small particle is about 1um, while the diameter of agglomerated particle achieved 13um.
Comparing to sample after calcination, the sample is smaller and the diameter reduced to 7um as
shown in Fig.2, which could be the fact that the crystal water in sample lost at high temperature.
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Fig.2 SEM diagram after calcination

A comparison between the XRD patterns of the phosphating residue and the purified sample is
shown in Fig. 3. It can be seen from XRD image that the phosphating residue showed a similar peak
position to FePO4:2H20 corresponding to PDF#33-0666. However, the sample showed stronger
peaks and smaller half peak width, which suggested that the main component of purified sample is

FePO4-2H20.
i|': ]
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Fig. 3 XRD of two samples
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3.3 Influence of Temperature on BSF (Biogas Slurry Filtration)

Volume/mL

100 150 200 250 300 350 400 450 500
Temperature/C

Fig. 4 The effect of temperature on the amount of filtration

Fig. 4 illustrated the different filtering speed of the BSF (biogas slurry filtration) after calcination
at different temperature. It can be also found that the volume of BSF decreased with the temperature
increasing. It may be the reason that the mixture of poplar sawdust and FePO4 showed smaller volume

and higher density after calcination. Thus, the biogas slurry has difficulties passing the filter and the
filtration rate is very low.

1.4 4 (I Turbidity

0.6

Turbidity NTU

0.4 4
0.2 4
0.0 4

100 150 200 250 300 350 400 450 500
Temperature/°C

Fig. 5 Effect of temperature on turbidity of BSF

Fig. 5 showed the turbidity of the liquid after BSF and the turbidity of the filtrate decreases as the
temperature increases. As the temperature increases, the particle size of poplar sawdust and purified
ferric phosphate becomes smaller, the filter gap becomes smaller, and more impurities in the biogas
slurry are filtered. After carbonization, poplar's specific surface area increases, which has a fixed
effect on heavy metals and other impurities in the biogas slurry [27].
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3.4 Influence of FePO4 Addition on BSF

TP(g/L)

Fig. 6 Effect of temperature on TP in BSF (a) Biogas slurry; (b)150°C;(c)250°C;(d)350°C;(e)450°C

It can be seen from Fig. 6, the total phosphorus content in the BSF is 0.21 g/L. the filter do not
showed strong adsorption capacity at 150°C, because the poplar sawdust could not be carbonized
while the P content in the filtered filtrate increases. With the increase of temperature, the adsorption
capacity of carbonized poplar sawdust increased, and the content of P in the filtrate gradually
decreased. The increase of P element can promote the growth of plant roots. Therefore, the optimum
condition for material carbonization is 150°C. At this temperature, the starch in poplar sawdust will
be modified with less sticky and adsorption, which contributes to the release of P element [28].

The iron phosphate addition not only improved relatively density with poplar sawdust, accelerate
filtering speed. But the acidity of iron phosphate could lower the pH value of filtrate, contribute to
the release of nutrients in the biogas slurry. Moreover, ferric phosphate has a certain heavy metal
fixation capacity [29].

4. Summary

This study mixed poplar sawdust with the purified phosphating residue. And then grinding,
carbonizing were carried out to prepare liquid fertilizer by filtering biogas slurry. We also discussed
the possibility of filter material as liquid fertilizer.

The following conclusions can be drawn from the above experiments:

1. The filtrate played an important role in colloid removal, which can be used in drip irrigation in
agriculture.

2. The filter material showed heavy metal ions solidification after carbonizing.

3. The filtration volume and turbidity decreased with the temperature increasing, indicating
excellent filtering effect.

4. The total phosphorus content reached 0.21 g/L at 150°C with the biggest BFS.
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