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1 INTRODUCTION

» Biorefineries aim to convert .. revese cotva Screening of different zeolites Catalyst recovery and characterisation
. S C/F ratio of 0.1. Iandy ‘ i YAFOYSERE, (o
chemical products. A e : hydrolysis oL
» A crucial step in this process is < 5" o . t: eRSeaSnI]IgS,; ewrr?gzrc;(itrjr;zared to non-catalytic runs at Ce"U'Ofic pulp Glucose
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hemicellulose, and lignin streams. - 2 ] Solid catalyst chemicals
= 55% O = _
> CERTH has developed _ " I E, . 2 S 0 » The pulp was enzymatically hydrolysed to produce
treat &;S et\;f c:jps an mnoc\)/a .ge organc;soc\)los 7 0° o - S| fermentable sugars, and the catalyst was recovered with the
pretreatment method known as OxiOrganosolv ( ). ..;. 45% & . @ o hydrolysis residue.
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> OOS effectl_v_ely frac_thnat_es lignocellulosic biomass _under 2 5 2 % > Organic residues were removed from the catalyst by
oxidising conditions, eliminating the need for soluble acid g % j calcination in air at 600 °C for 3 h.
catalysts typically required in conventional organosolv 30 4 & M A ) B B - 4 Table 1. Properties of fresh 1Y SAR 5 catalvst
processes. The optimal conditions for this method were 175 \\\é‘ ) ((1) QQ\ \@\ Qfa\ (\6\ S Qg\ Qg\ able 1. Properties of fresh vs. recovere catalysts.
°C, 2 h, a 50:50 water-to-organic solvent ratio, and a 16 bar, 04@ &\ Q\:\ Q\;\ \g\ @ 2 ,@Q’ N Catalyst:  H-Y(5) H-Y(5)
100% oxygen atmosphere [1]. QO ng’ ng’ Q‘,@e’ Q\Q Qé\/‘b ~ (recovered)

Objective -

» Reduce the intensity of the OOS
conditions to make the process more
energy-efficient and cost-effective.

Fig 2. Effect of solid acid zeolites on the degree of lignin removal.

Effect of C/F ratio

A Lignin removal (higher is better)

o Y SAR 5, 150 °C
Appr oach J 75%

» We utilised solid acid catalysts (zeolites) to lower the £ 70%
: o S 65%
reaction temperature to 150 °C. 2
» \We screened various zeolite catalysts. ‘é’ 55%
= 50%
» We studied the catalyst-to-feed (C/F) ratio effect with the o 45%
Optimum zeolite. ‘E 40%  No catalyst, 150 °C
35%
» We recovered and characterised the catalyst to investigate 30%
ChangeS In ItS properties 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
C/F ratio _ .
» At C/F=0.1, several zeolites
2 EXPERIMENTAL B Hemicellulose removal (higher is better) facilitated lignin removal compared
&Y SAR 5, 150 °C to the non-catalytic OOS run (Fig 2).
D
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Feedstock: Hard wheat straw (WS) collected from fields in g 80% / Lignin removal correlated with
Northern Greece 9 70% SAR (Fig 2).
: : : : E 00% Py :
e . Extractives, | Cellulose, : Hemicellulose, : Lignin, 2 % > H_'Y significantly increased
eedstock = o wt% Wt %  Wt% n  40% hemicellulose removal due to the
= 30% promotion of acid hydrolysis (Fig 3B).
Wheat straw 15.9 39.9 22.9 - 16.6 o 20%
°\°. 10% No catalyst, 150 °C . . (o) I
Catalysts: Four different zeolitic types (Mordenite, Y, Beta L > Cellulose recovery maintained at about 100% up until
and ZSM-5) with varying Al content (SAR: 5-300) o0 01 02 03 04 05 06 07 08 09 1.0 C/F=0.4. At higher C/F ratios, cellulose hydrolysis started
| | | | C/F ratio to occur, reducing recovery (Fig 3C).
Surface  Micropore Brggis(:ed L::;’.Ils I;Ztizl C Cellulose recovery (higher Is better) » Pulps with up to 71.2% cellulose content obtained
Catalyst* an:glag af:arf?:zg  sites,  sites, sites, . Y SAR 5, 150 °C with H-Y(5) at C/F=0.5 (Fig 3D).
~_bmollg = umol/g | pmol/g o -- » Enzymatic hydrolysis of the catalytic OOS pulp
' ' L 100% V/\ resulted in higher cellulose conversion and higher
= o5% 72 _____________ No catalyst, 150 °C glucose yields compared to the pulp obtained from
e __ the non-catalytic OOS (Fig 4).
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i \ » The recovered catalyst exhibited reduced surface
g o area and acidity due to its contamination with alkali
80% and alkaline earth metals (Table 1)
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
C/F ratio
HZSM5(30) 410 260 214 87 301 D Cellulose in pulp (higher is better) REFERENCES

*The silica-to-alumina (SAR) ratio is indicated in parentheses
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Fig 3. Lignin removal (A), hemicellulose removal (B) and

Solid catalyst cellulose recovery (C) and cellulose content in the pulp (D)
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25259 obtained with H-Y(5) as a function of the C/F ratio. Number: 015795).
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Fig 1. Schematic representation of the OxiOrganosolv o 100 95-9 1000 380
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» Acid hydrolysis of pulp followed by ion chromatography > 0 0 <Zt . i
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spectroscopy (acid-soluble lignin content). Acid insoluble
lignin content determined from acid hydrolysis residue.

Fig 4. Cellulose conversion (A), and glucose yields (B) obtained from
the enzymatic hydrolysis of non-catalytic and catalytic OOS pulps.
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