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Abstract

The catalytic pyrolysis of digestate to producenaatic hydrocarbons can be combined with
anaerobic fermentation to effectively transform aniize the whole biomass components. This
study explored the feasibility of catalytic pyraly®f digestate to prepare aromatic hydrocarbons
with analyzing the thermogravimetric charactersstiqyrolysis characteristics and catalytic
pyrolysis characteristics of digestate. Meanwhpgrolysis mechanism and catalytic pyrolysis
mechanism of digestate were explored in detail.ifk@ridual pyrolysis of digestate, it was found
that with temperature increasing, the content ofad@® CH increased, while the content of phenols,
acids, aldehydes and other oxygenates decreasedtk thle content of monocyclic aromatic
hydrocarbons (Benzene, Toluene and Xylene, BTXj)eim®ed. Respected to the catalytic pyrolysis
process, the acids, phenols and furans in thedliguére effectively inhibited, and the aromatic
hydrocarbons content and the BTX selectivity inseshsignificantly with ZSM-5 addition. ZSM-5
also inhibited the production of nitrogenous conmmisi
Key words:. digestate, catalytic pyrolysis, aromatic hydrdcers, BTX, molecular sieve catalyst,

ZSM-5
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1. Introduction

Bioenergy plays a very important role in the futareergy supply, but the energy crops needed
for the production of bioenergy compete with theduction of food and feed, so the use of
agricultural waste to produce bioenergy has becamimevitable development trenfl Anaerobic
fermentation is a popular biomass conversion teldgypwhich can degrade biomass resources and
produce methane gas through microorganishitowever, anaerobic fermentation processes do not
degrade all the raw materials and produce a resfatds difficult to degrade, known as digestate
®. Digestate contains a large amount of lignocesiejowhich is difficult to be used through the
biodegradation process, and accompanied by heatglsne@rganic pollutants, microorganisms,
antibiotic and other substanéés The global digestate resource is about 550 milians per yedr
0 In the face of such a huge amount of resouresearchers have developed a lot of digestate
treatment methods, such as using digestate asdanlatnient supplement and soil conditioner;
transforming digestate into valuable products fblization through hydrothermal carbonization,
pyrolysis and gasificatidh *2

The pyrolysis of digestate has attracted much @tenWei® et al. investigated the pyrolysis
behavior of the digestate from sargassum fermemtati was found that the highest yield of bio-oil
was 31.05wt% at 45Q, and 43.16wt% of char and 23.02wt% of gas canHteimed at the same
time. Opatokurt* et al. analyzed kitchen waste and the fermentgestite pyrolysis. It was found
that the yield of bio-oil from digestate pyrolysis 500C was 52.2wt%. The components of bio-oil
included phenols, esters, saturated and unsatungthtcarbons and their derivatives. Compared

with the pyrolysis oil composition of food wastéwas found that the pyrolysis oil of digestate
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contained more phenols and esters, higher moleeuéght, and higher calorific value reached
13.5MJ/kd”. Karaeva® et al. pyrolyzed digestate from cow manure as éeation material, they
found that the yield of bio-oil was 31% at 360 and the pyrolysis oil contained a large amount of
acetic acid, accounting for 71.44% of bio-oil. Hawg the above research results showed that
liquid oil from digestate pyrolysis is rich of estand acetic acid, it cannot be used directly.
Therefore, it is urgent to improve the quality ad-oil from digestate pyrolysis.

To address the issue mentioned and improve thetyjwélbio-oil, the catalytic pyrolysis of
digestate has been widely concerned in recent Ye#tin®’ et al. used steel slag as catalyst for
digestate pyrolysis in COatmosphere, they found that the pyrolysis oil ®,@tmosphere has
lower vyield, simpler composition and lower concatitm, moreover, the aromaticity of the
pyrolysis oil is also reduced due to the restrigtitehydrogenation of GGBhimis 2 et al. found
that there are a lot of linear and branched aliptgtdrocarbons, unsaturated compounds, alcohols,
carbonyl compounds and carboxylic acids in the lggis oil with nanostructured Mnas catalyst.
Paasikallio*%t al found that the selectivity of aromatic hydmdmons can reach 67.6% for digestate
catalytic pyrolysis. Digestate is rich in lignin,high contains coumarin alcohol, coniferol and
sinapine alcohdt 2 It is a natural source of benzene ring, so dagestas the potential to prepare
chemicals containing benzene Ahg2 Therefore, digestate can be considered to trehtitilize by
means of catalytic pyrolysis. Molecular sieve oatis reported as a good catalyst on converting
biomass to aromatic hydrocarbons. Sfeet al. studied the catalytic effect of various
metal-modified HZSM-5 catalysts on digestate pys@ythey found that Fe/HZSM-5 was the best
catalyst for high yield of monophenols, which caprease the yield of monophenol in bio oil to
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79.22% at pyrolysis temperature of 43Q catalytic cracking temperature of 475°C. Howetlee,
rarely relative report can't guide which kind of lecular sieve catalyst is suitable for digestate
catalytic pyrolysis as well as its catalytic pyrsily mechanism is not clear. Hence, this study
attempts to use 5 types of molecular sieve catadysonvert digestate into aromatic hydrocarbons
and the effects of different types of moleculawvsieatalysts on digestate catalytic pyrolysis was
analyzed in detailed. . Firstly, the pyrolysis @weristics and thermogravimetric characteristics o
digestate were analyzed, and the pyrolysis chaisiits of digestate were compared with those of
different lignin. Subsequently ,the influence of lewular sieve types on the catalytic pyrolysis
products components was explored, and the mosibdeitmolecular sieve catalyst for catalytic
pyrolysis of digestate to prepare aromatic hydriooas was selected. It is of great significance to

the feasibility of digestate catalytic pyrolysisgepare aromatic hydrocarbon products.

2.Materials and method

2.1. Raw material

Digestate was selected as the raw material forettperiment. The digestate raw material
composed of pig manure, corn silage and sorghuagesiirom the biogas power plant is reacted by
a microbial anaerobic digester and separated loreavspress separator to get the digestate with
high moisture content. After 24h air drying, itgkced in an oven at 185 for continuous drying
for 8h. After crushing and screening, 60-100 meshes were selected for pyrolysis experiment
and catalytic pyrolysis experiment. The experimerasy materials were stored in an oven at a

temperature of 5@ before the experiment. The properties of digestataples in the experiment
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are shown inTable 1. Compared with general biomass like straw and wadgkstate has lower
volatile matter and higher content of ligffir?> In addition, the ash content of digestate(12.88)w
is higher than general biomass(1~6 wt%), and tkaliak earth metals in ash may play a catalytic

role in pyrolysis.

Table 1 Properties of digestate (wt.%, dry basis)

Solid Digestate(wt.%)

Proximate analysis

Ash 12.38
\olatile Matter 67.07
Fixed Carbon 20.55
Ultimate analysi

C 45.52

H 5.94

N 1.7¢
Oo* 49.75

Compositional analys

Cellulose 21.64
Hemicellulose 15.08
Lignin 40.8¢

* - by difference

The ZSM-5, SAPO, Beta, MCM and Y zeolite molecidave catalysts used in the catalytic
pyrolysis experiment were all purchased from thealyat Factory of Nankai University. The
physical and chemical properties of the molecukrescatalysts are shownTiable 2. As is shown
in this table, the silica-alumina ratio of ZSM-5etB and MCM is high, reaching 30 or more.
Additionally, the pore size of these catalystseiss|ithan 2nm, which belongs to micropores. Before
the experiment, catalysts were ground with parsite of 60-80 mesh used for screen, and part size
among 60-80 mesh was selected for catalytic pyimlys was pre-calcined at 105 to remove
impurities and moisture before each trial.

Table 2 Physical and chemical properties of molecularesieatalysts

molecular sieve  I1ZA . Dimension )
SiO,/Al,04 Hole size (A) Internal pore volume (A)
catalysts code of hole
ZSM-5 MFI 30 3 5.1x5.5, 5.3x5.6 6.36
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SAPO CHA 0.56 3 4.3 7.37
Beta BEA 38 3 6.6%6.7, 5.6x5.6 6.68
MCM MWW 30 2 4.0x5.5,4.1x5.1 9.69
Y zeolite FAU 5.2 3 7.4x7.4 11.24

2.2. Thermogravimetric experiment

The pyrolysis weight loss process of digestate wamlyzed using Labsys 1150
thermogravimetric analyzer (TG, Setaram, France) @tperimental process is as follows: the dried
sample ~10mg was heated up to @0@om room temperature and the heating rate@rbin. The
thermogravimetric analysis (TG) and derivative thegravimetric analysis (DTG) were performed

by using the analyzer software.

2.3. Pyrolysisand catalytic pyrolysis experiment

Pyrolysis and catalytic pyrolysis experiments ofeditate were carried out on a downdraft
fixed bed. The pyrolysis reaction system is showRigure 1, which is mainly composed of an air
intake system, a quartz reactor, an electric fugrteEating system, a condensation bottle, and a gas
drying and purification system. The experimentahperature of pyrolysis is 400-78D and
catalytic pyrolysis temperature is 600and the average heating rate of electric furnace i
10°C/min.

Specific experimental process is as follows: inhepgrolysis experiment, 1g digestate was
added into the basket. For catalytic pyrolysissiin- catalytic pyrolysis is adopted, that is, the

sample is mixed with the catalyst, in which theedigite and catalyst is both 1g. Before the start of
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the reaction, the quartz basket is placed in threheating zone at the top of the reactor. The flow
rate of carrier gas Nwas 200mL/min, and the system was purged for 30After the temperature
reaches the set temperature and remains stabletzCuesket was quickly put into the target
temperature pyrolysis reaction zone in the middléhe reactor. The sample is heated rapidly, and
the pyrolysis volatiles are taken out of the rea¢twough carrier gas. The condensable part is
condensed in the condenser in the ice-water mixtuferm bio-oil, while the non-condensable part
is collected by air bag. Finally, after the reaatis over and the reactor is cooled, the soliddtesi

is taken out and weighed and recorded. The totakroadigestate pyrolysis liquid oil is determined
by the quality difference of the condensation systeefore and after the reaction. For pyrolysis
experiments of digestate, the mass of char is thesnmof solid residue. For catalytic pyrolysis
experiments, the quality of char is the differebeéween the mass of solid residues and the mass of
the added catalyst. The mass of hon-condensablis gakulated by subtracting the mass of bio-oil
and char from the mass of digestate. The yieldhefthree products were calculated by dividing

their respective mass by the mass of digestate.
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Mass flowmeter

N2

X X
L)

Electric furnace

Temperature Quartz basket

controller

Figure 1 Schematic diagram of downdraft fixed bed pyrolysiaction system

2.4. Characterization method

Pyrolysis gas component was analyzed using Pariha4@ gas chromatograph (FID-TCD,
Changzhou panna Instrument Co., Ltd). The chromapigwith dual channel detector, which is
equipped with a thermal conductivity detector (T@€tector) to detect GOH,, O,, N, and CH,
while the hydrogen flame ionization detector (FI&tettor) is used to detect GHCH4, CHsand
other small olefins and alkanes.

The organic component in the pyrolysis liquid produ was measured with gas
chromatography/mass spectrometry (GC-MS, 7890A/6973gilent). The chromatographic

column used for detection was HP-5 weak polar cal{@®mx0.25mmx0.38n).Before testing, it
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is necessary to ensure that the moisture contentqofd product oil is less than 10%.The
temperature rise procedure of the column was ésafsl the initial temperature of the column was
40°C, the temperature was kept for 3min, the tempegatige rate was increased to 1G0at
5°C/min, and then the temperature rise rate was iseckdo 308C at 10C/min and kept for
5min.The injection temperature of the column wa&°€7 the carrier gas (He) flow rate was
1.0mL/min, and the split ratio was 20:1.Mass spenttric detection range, 30-500 (m/z), GC-MS

results matched the standard spectral library 1&T2014.

3.Resultsand discussion

3.1. Thermogravimetric characteristic analysis of digestate

Figure 2 shows the TG curve and DTG curve of weight losaratteristics and rate of
digestate pyrolysis. Because the dried digestatdillseasy to absorb water, the weightlessness
behavior of the corresponding raw material at aglotemperature (<20Q) is greatly disturbed, so
the thermal weightlessness behavior of the digestatow temperature is not discussed in detail
here. As shown in the figure, the weight loss Hteligestate pyrolysis at 200-4Wis close to
36%. The peak value of weight loss rate is betva¥h330C, which is due to the high content of
cellulose and lignin in digestate after microbminientation. The proportion of cellulose and lignin
is 21.64% and 40.88% respectively. Compared withventional biomass raw materials with
similar lignin content®®, the peak range of pyrolysis weight loss of digstis shifted to low
temperature, which may be because the anaerobitefd¢ation of the internal biogas digester

makes the physicochemical properties of the fingéstate different from conventional biomass,
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and the digestate is degraded to a certain extesttucture. At 400-75C, the weight loss amount

is less, about 10%, which is mainly caused by tloev oyrolysis of lignin. When the final
temperature reaches 900 the pyrolysis of digestate is finished, and tbkdsresidue of digestate
reaches 45%. The thermogravimetric characterisfichgestate were compared with those of lignin
from different sources in other papers. The sddisidue rates of acid-soluble lignin, alkali lignin
and organic solvent extracted lignin after pyradysiere about 30%, 36% and 35% respectfvely
The solid residue rate of digestate after pyrolysés significantly higher than them. The solid
residue rate of enzymatic lignin after pyrolysis4i3%, which is the highest among lignin from
different source¥, The solid residue rate of digestate after pyislys close to enzymatic lignin,
and the DTG curve of enzymatic lignin is also santio digestate, with a main peak and a shoulder
peak, and the position of the maximum weight losakps also close, therefore, digestate could be
considered to be closer to enzymatic lignin in pysis characteristié$ 22 The TG curve shows
that the thermal weight loss of digestate mainiguos before 40T, so in the subsequent pyrolysis

experiment, 400-70Q is selected as the pyrolysis temperature.

DTG(%/min)

@

a.TG curves of digestate b.DTG curves of digestalt

100 200 300 400 500 600 700 800 900 100 200 300 400 500 600 700 800 900
TemperatureC) Temperaturé °C)

Figure2 ()TG and (b)DTG curves of digestate
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3.2. Pyrolysis product analysis of digestate

The product distribution of digestate pyrolysiddferent temperatures is shown kiigure 3.
As is shown in the figure, the product of digesm@telysis is mainly solid char (50wt%) and liquid
0il(40%) at 400C, while gas yield is quite limited. It might beréttted to that the lignin content in
digestate is high, and the low temperature condigsanot enough to make a large amount of lignin
cracking®. With temperature increasing the yield of solicucecreased gradually, and the yield of
gas increased, while the yield of liquid bio-oitiaased firstly and then decreased, and reached the
maximum value (~43wt%) when the temperature was@BC. This is because with the increase
of pyrolysis reaction temperature, more organicatitds are evolved out, and macromolecular
substances in volatiles are converted into smaleoubtar gases. However, when the temperature is
too high, the degree of secondary reaction is nanotisly intensified, leading to the decrease of
bio-oil yield. Comparing the three-state yield dfjebktate pyrolysis with lignin from different
sources, it is found that at the same pyrolysispemature, the bio-oil yield and char yield of
digestate pyrolysis are higher than those of aligtin, dealkaline lignin and prot lignin, whilae
gas yield is significantly lower than these ligifinFor enzymatic hydrolysis lignin and organic
solvent extracted lignin pyrolysis at 500 the gas vyield is less than 10%, the oil yieltess than
25%, and the carbon yield is very high, more th&Bc6which is closer to the three-state yield

distribution of digestate pyrolysis
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Figure 3 Three-state yield distribution of digestate pysidyat different temperatures

Figure 4 shows the distribution of gas composition from edigite pyrolysis at different
temperatures.The components of pyrolysis gas ieci@, CO, H, CH, with some G. At 400°C,
CO; and CO are the main components, they accounteedbvol.% and ~10vol.% of the total
pyrolysis gas, respectively. Since the decompasitichemicellulose and cellulose occurs mainly at
lower temperature, accompanied by a large numberdedarbonylation and decarboxylic
reactions.As the temperature increaseing, the nbrié CQ, in the pyrolysis gas decreases
quickly-straightly, but CO content increases acomiy.When the pyrolysis temperature reaches
7007C, the content of CO is equivalent to that of LThis result might be due to the intensification
of lignin depolymerization in digestate at highemperature stage, and the intensification of
secondary pyrolysis of volatiles accompanied byperature rising, so that the generation of CO is
dominant at higher temperattfeln addition, the yield of CHincreased with the increase of
temperature, which was mainly due to the demetioylateaction of the methoxy functional group

(-O-CH3) on lignin at higher temperattiteFor H, the content is relatively low because the
13/27



220

221

222

223

224

225

226

227

228

229

230

231

232

233

Chinese Journal of Chemical Engineering 57: 1-28@ttp://dx.doi.org/10.1016/j.cjche.2022.09.002023. This manuscript
version is made available under the CC-BY-NC-NDliténse https://creativecommons.org/licenses/byad.0/

pyrolysis temperature is low and the volatiles oc&cnomolecules cannot undergo secondary
pyrolysis. A small amount of low carbon olefin,Cis generated in the pyrolysis process,
specifically including GH,,C;H4,CoHe, CsHg, CsHs, C4Hg, but the content is very trace and they were
not shown here. Comparing the gas release chasticterof digestate pyrolysis with lignin from
different sources, the GQproduced by enzymatic lignin pyrolysis at 850is significantly less
than digestate, and the ¢Hnd H produced are significantly higher than digestatdicating that
the ash or other components in digestate are notumive to the further pyrolysis of
macromolecular saturated hydrocarbons to producg &¥d H*. The pyrolysis of acid soluble
lignin at 700C produces more CQand less CO than digestate, and the other gadsymale
relatively close, their difference may be due te thfluence of more carboxyl groups on acid

soluble lignirf®.

100
J— H2
90} —e—CO,
80} ——CO
—v—CH,
- [
’\a 70 J —GC,,
Z 60t
o
% 50}
Q2 a0
>_
30+
20} 4 4
10 //_’r_/_'/——v
0 £ 2 ——2¢
T T T T
400 500 600 700
Temperature(C)

Figure 4 Distribution of pyrolysis gas components of diggstat different temperatures

The liquid oil composition is shown irigure 5, the main biological material oil component is
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divided into nine categories, they are phenols, BTBTX derivatives, furans, acids,
nitrogen-containing compounds, aldehydes, ketondsaicohlols. At a lower temperature of 400
phenols is the main liquid species with some furang&ls, and nitrogen-containing compounds, etc.,
and the content of BTX and their derivatives isyvaw. A similar situation was found in the
experimental results of pyrolysis of lignin by Lifet al, the proportion of phenols in the pyrolysis
oil of lignin was also the highest, and the projporiof phenols in the pyrolysis oil of milled wood
lignin and enzymatic lignin was the closest to thiatigestate, both about 45%. With temperature
increasing, the contents of BTX increased graduatlyhe cost of phenols, acids and aldehydes
cracking, while no obvious change showed for furdfs nitrogen-containing compounds, the
content increased slightly and reached the highte®d0C ,and then the content decreased at higher
temperature. The proportion of nitrogen-containgagnpounds at each pyrolysis temperature is
between 12-25%, which is mainly caused by the thémecomposition of protein contained in
digestaté®. Among lignin from different sources, most ligriontains almost no nitrogen, and only
enzymatic lignin contains a small amount of nitmoggess than 2%), so there are almost no
nitrogen-containing substances in the pyrolysis afilmost lignin, while the pyrolysis oil of
enzymatic lignin contains a small amount of nitreg@entaining substances, which is similar to that
of digestat®®. The reduction of phenols may be due to the highperature in the lignin
depolymerization, intensifying methoxy reaction asecondary reaction, resulting in part of
phenols transfer to BTX. In general, the incredsemperature is beneficial to reduce the content
of oxygen-containing compounds in the bio-oil andréase the content of BTX in the bio-oil. This
is mainly attributed to the promotion of the secanydreaction of volatiles by high temperature.lt is
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also worth noting that although the increase oblygis temperature promoted the formation of
BTX, its yield is still limited, less than 20%. Caared with the lignin pyrolysis experiment of
Lin® et al., it is found that the BTX content in thezgmatic lignin pyrolysis oil is close to that of

digestate, and the BTX content is significantlyHdg than that of alkali lignin and acid soluble
lignin. It shows that digestate is a raw materialilar to enzymatic lignin and has the potential to

produce aromatic hydrocarbons by pyrolysis.

60
—&— Phenol—e— BTX —— BTX derivatives—v— Furan
—&— Acid —¢—N-containing compounds®— Aldehyde
50 —o— Ketone—+— Alcohlol
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Figure 5 Composition distribution of pyrolysis bio-oil frodigestate at different temperatures

3.3. Catalytic pyrolysis characteristics

600C was selected as the temperature of catalytic psisylbecause the gas and oil yields of
digestate pyrolysis were high at this temperatang, this temperature was suitable for the catalytic
reforming of molecular sievéigure 6 shows the product distribution of digestate caialy

pyrolysis with variant catalysts (ZSM-5, SAPO, Bd#CM and Yzeolite) at 60C.The solid char
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and bio-oil yield of the original sample pyrolysi§ digestate are higher, both of which are more
than 40wt%, while the gas yield is lower, about 4wWith molecular sieve catalyst addition, the
yield of bio-oil increased, while the yield of gasd char decreased. This is because the transfer of
free radicals and the cracking or arrangement afpmunds in the process of catalytic pyrolysis
promote the yield of pyrolysis 61 While among various catalysts, Beta and Yzeslitewed the
higher liquid yield, it increased to 53.8wt% andZwit% respectively. On the other hand, except
MCM and Yzeolite have promoting effects on the s gas, the gas yield reduced.As for char,
the char yield decreased after the addition of mdée sieve catalyst, especially Beta and Yzeolite,
which reduced the char yield from 44.2wt% to 35%wdnd 30.8wt%, respectively. This may be
due to Beta and Yzeolite catalysts promoting thecipitation of volatiles and the formation of
more bio-oil, which greatly promoted the secondayyolysis of pyrolysis gas and resulted in the

increase of condensable substances, while redtloingonversion to char.

60| Gas
Char .
Bio-oil ]
= e __
‘?g 40H - | —
=1 ] L
2
>_
20 H

Raw ZSM-5 SAPO Beta MCM Y zeolite
Types of catalysts

Figure 6 Products distribution of digestate catalytic pysid under the action of different
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molecular sieve catalysts

Figure 7 shows the composition distribution of digestateopysis gas under the action of
different molecular sieve catalysts.The main congmds of original sample pyrolysis and catalytic
pyrolysis of digestate are GH,, CH,, CO, and a small amount of low carbon hydrocarl{@as.
In addition, a small amount of ;Happears in catalytic pyrolysis of digestate.,G®one of the
important ways of deoxygenation of bio-oil. The mation or inhibition of CQ@ content by
molecular sieve catalyst also affects the qualftpio-oil. The gas distribution results shows that
the addition of ZSM-5 and Y zeolite reduces the amoof CQ in the pyrolysis gas. For the
addition of ZSM-5, the content of CO in the pyrad¢ygas decreased, while the content of,@rRd
low carbon hydrocarbon £ increased, mainly because ZSM-5 can promote tmeetglation
reaction of digestate pyrolysis and promote theioence of secondary crackimfter the addition
of Y zeolite, the amount of CO increased signiftbanvhich may be because Y zeolite can promote
the decarbonylation reaction of digestate therniglyand this is also the most important reaction
way that Y zeolite is different from ZSM*5 However, the addition of SAPO, Beta and MCM
increased the content of G the pyrolysis gas, especially the addition &P® significantly
promoted the content of GOwhich may be because SAPO promoted the decarutixylreaction
of digestate pyrolysis to a large extent, while tliecarbonylation reaction was relatively
weakenedf. The catalysis of MCM and Beta is similar, ancatiek to the ZSM-5, apart from the
CH, content were reduced gas composition, quantityC@ and CO, CH content is greatly
reduced, these two kinds of catalysts can may pismote decarbonylation and decarboxylic
reaction§’, promote the secondary cracking of digestatejriibits methylation reaction.
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Figure 7 Catalytic pyrolysis gas composition of digestatder different molecular sieve catalysts
As shown inFigure 8, the pyrolysis bio-oil from the original sampledifestate is dominated
by phenols, nitrogen-containing substances, furarsmatic compounds and acids. The acids have
high oxygen content and are corrosive, which cailyeaake the bio-oil aging and reduce the
quality of bio-oil.Moreover, the high content andntplex composition of nitrogen-containing
compounds are not conducive to the subsequergatiiin of bio-oil, and the nearly 25% BTX and
BTX derivatives in bio-oil composition is benefitta improve the quality of bio-oil. Therefore, it
is necessary to reduce the content of acids amdgeit-containing substances and to direct the
composition of bio-oil towards aromatic hydrocarbdsnder the action of catalysts ZSM-5, SAPO,
Beta, MCM and Yzeolite, acids, phenols and furaesevall effectively inhibited, and the content of
aromatic compounds increased significantly. Betd thh@ most obvious inhibitory effect on acids,
and the content of acids decreased from 9.70%0@8%.. The addition of ZSM-5 has the most
obvious effect on promoting the formation of arcimétydrocarbons and the content of BTX and
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BTX derivatives increased from 25.45% to 45.99%;levithe content of phenolic compounds
decreased from 34.79% to 18.5%. Combined withebalts of the increase of Glih the pyrolysis

gas and & content of low carbon hydrocarbon, we can infat tthe addition of ZSM-5 may

promote the demethylation reaction and secondaagkarg of the pyrolysis gas in the catalyst
channét®. In addition, some phenolic substances may undeéegarbonylation reaction to generate
aromatic hydrocarbons. The reduction of furan aainbedicates that furan in pyrolysis gas may
also undergo secondary cracking reaction under aton of ZSM-5 and form BTX by

recombination. Beta and ZSM-5 showed similar catalyor the formation of phenols, BTX and
BTX derivatives, while Beta catalyst showed a dliglveaker catalysis for the formation of BTX
and BTX derivatives than ZSM-5. In addition, congzhiwith ZSM-5, Yzeolite has an obvious
promoting effect on furan, but hardly shows an hiting effect on phenols, which may be due to
the fact that,the pyrolysis gas of digestate tdnds$eoxidize in the form of CO removal under the
action of Y zeolite. SAPO, Beta, MCM and Y zeolitdl promoted the formation of

nitrogen-containing compounds , leading to theyeafra large number of nitrogen elements into
the bio-oil. Therefore, these catalysts are nodaocive to the removal of nitrogen elements from
condensable substances. This may be because théslgsts have a certain adsorption on
nitrogen-containing gas components, and the addori'ogen-containing gas reacts with
monocyclic aromatic hydrocarbon volatiles, resgjtin more nitrogen-containing compounds in
pyrolysis oif°.In particular, the addition of Beta increased thmmtent of nitrogen-containing

compounds from 24.17% to 40.91%. Therefore, it dvisable to use Beta catalyst for the
production of bio-oil with high nitrogen contentycato extract nitrogen-containing chemicals from
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it. However, the addition of ZSM-5 could inhibitetproduction of nitrogen-containing compounds,
so it was speculated that ZSM-5 could remove nénoig the form of ammonia, which was similar
to some predictions of Weiet al. Under the catalysis of ZSM-5, a series azctions such as
decomposition, dehydration, decarbonylation, dewadation and deamination of volatile
components have taken place, resulting in a sigmifi reduction of organic nitrogen and organic
oxygen compounds, and the phenol that is diffitmlcrack has also undergone a dehydroxylation
reaction at the strong Bronsted acid site of ZSMitese results show that ZSM-5 has significant

denitrification, deoxidation, cyclization and ardimatior® 4’

[ JPhend___]BTX and BTX derivativel___] Acid
[ IN-containing compoun{___] Aldehydd ] Ketone

Raw

N
(%))
<
(&)

SAPO

Beta

Type of catalysts

MCM

Y zeolite

0 20 40 60 80 100
Peak are@ %
Figure 8 Bio-oil composition during catalytic pyrolysis digestate under different molecular sieve
catalysts
The selectivity of BTX in digestate catalytic pyysis bio-oil is shown irFigure 9(a). The
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proportion of BTX peak area in bio-oil compositioesults represents the selectivity of BTX.
Compared with no catalyst, the selectivity of BT dsimproved after adding catalyst. Among them,
ZSM-5 had the most obvious effect on the increash8TX selectivity, reaching up to 34.66%
from 9.49%. Beta also has a promoting catalysighenselectivity of BTX, and the worst is Y
zeolite. The vyield of BTX in digestate catalytic rplysis bio-oil is shown inFigure
9(b).Considering the different working conditions, trew materials of the experiment and the
parameters of the GC-MS test on the bio-oil of egichup were the same, so each peak area was
used to represent the yield of each component of.B¥ccording to the BTX yield in the figure,
toluene (T) yield was the highest in the pyroly&i®riginal digestate sample, followed by benzene
(B) and P-xylene (X), and the total BTX yield waatively low. In the pyrolysis oil catalyzed by
molecular sieve, the promoting effect of ZSM-5 on Band X is very obvious, and the total
production of BTX increases significantly, which nsore than five times that of the original
digestate pyrolysis sample. Compared with ZSM-Beptolecular sieve catalysts have a relatively
weak promotion effect on BTX, and the total BTX lgi@f Beta is relatively high, while Yzeolite
and MCM have almost no promotion effect on the Byild. In addition, compared with other
molecular sieve catalysts, the BTX product distiifiu of MCM is different, and benzene is the

most productive substance in BTX.
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369 Figure9 The (a)selectivity and (b)yield of BTX in digestatatalytic pyrolysis bio-oil under the

370 action of different molecular sieve catalysts
371 Overall, under the action of catalysts ZSM-5, SAB@ta, MCM and Y zeolite, the acids,
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phenols and furans in the catalytic pyrolysis gfeditate are effectively inhibited, and the contént
aromatic hydrocarbons is significantly increasecholhg them, for BTX, the addition of ZSM-5 has
the most obvious promotion effect. At the same tithe addition of ZSM-5 could inhibit the
production of nitrogen-containing compounds. Therefin a comprehensive consideration, ZSM-5

has more advantages for catalytic pyrolysis of stigie to prepare aromatic hydrocarbons.

4.Conclusion

In this study, the pyrolysis characteristics ofeditate raw materials alone were investigated,
and on this basis, the characteristics of catalpyeolysis of digestate to prepare aromatic
hydrocarbons under the action of molecular sietalyst were studied. The influence of molecular
sieve catalyst types on the catalytic pyrolysisdpiais was investigated. The following conclusions
can be drawn:

1)TG-DTG experiments show that: at low temperai@@0-400C), the weight loss rate of
digestate pyrolysis is close to 36%, and the peeight loss rate appears at 310-33@t high
temperature (400-75Q), the weight loss rate of digestate reached 10%eWthe digestate
pyrolysis is completed, the solid residue of digespyrolysis reaches 45%.

2)Through the pyrolysis experiment of digestatds ifound that C@Q CO and CH are the
main components of gas products, and phenol igrthie component of liquid bio-oil.With the
increase of temperature, the content of CO and, @idreased, the content of phenols and
oxygen-containing compounds such as acids and yaléshdecreased, and the content of BTX

increased.
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3)The pyrolysis experiments of digestate catalybgddifferent kinds of molecular sieve
catalysts showed that: after catalytic pyrolysigligfestate using molecular sieve as catalyst, acids
phenols and furans in the liquid were effectivelyhibited, and the content of aromatic
hydrocarbons increased significantly. Among thene #ddition of ZSM-5 had the most obvious
promotion effect on BTX, which increased BTX seldty from 9.49% to 34.66%.Meanwhile,

ZSM-5 also inhibited the generation of nitrogen-+edming compounds.
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