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The Effect of Extrusion Treatment on Aqueous Ammonia
Soaking Method in Miscanthus Biomass Pretreatment

Surn—Teh Bark*, Bon—Cheol Koo, Yong—Hwan Choi, Youn—Ho Moon, Seung—Hyun Ahn, Young—Lok Cha,
Jung Kon Kim, Gi Hong An, Sae—-Jung Suh, and Don—Hee Park

JA\o Izl Pretreatment of cellulosic biomass is necessary before enzymatic saccharification and fermentation. Extrusion is

a well established process in food industries and it can be used as a physicochemical treatment method for cellulosic biomass.
Agueous ammonia soaking treatment at mild temperatures ranging from 60 to 80°C for longer reaction times has been used
to preserve most of the cellulose and hemicellulose in the biomass. The objective of this study was to evaluate the effect of
extrusion treatment on aqueous ammonia soaking method. Extrusion was performed with miscanthus sample conditioned to 2mm
of particle size and 20% of moisture content at 200°C of barrel temperature and 175rpm of screw speed. And then aqueous
ammonia soaking was performed with 15%(w/w) ammonia solution at 60°C for 1, 2, 4, 8, 12 hours on the extruded and raw
miscanthus samples respectively. In the combined extrusion-soaking treatment, most compositions removal occurred within 1~2
hours and on a basis of 1 hour soaking treatment values, cellulose was recovered about 85% and other compositions, including
hemicellulose, are removed about 50% from extruded miscanthus sample. The combined extrusion-soaking treated and soaking
only treated samples were subjected to enzymatic hydrolysis using cellulase and (3-glucosidase. The enzymatic digestibility value
of combined extrusion-2 hours soaking treated sample was comparable to 12 hours soaking only treated sample. It means that
extrusion treatment can shorten the conventional long reaction time of aqueous ammonia soaking. The findings suggest that
the combination of extrusion and soaking is a promising pretreatment method to solve both problems for no lignin removal of
extrusion and long reaction time of aqueous ammonia soaking.
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Table 1. Effect of reaction time on the compositions of extruded miscanthus in aqueous ammonia soaking treatment

Solid Composition (%) Removal (%)
Sample code o
remaining (%) Cellulose Hemicellulose Lignin Ash Cellulose Hemicellulose Lignin Ash
Raw - 4“7 26.3 219 6.4 - - - -

Ex-Sth 617 35.4 13.8 1.4 3.0 15.1 475 479 52.7
Ex—S2h 56.4 34.4 12.3 1.1 2.8 17.6 53.3 494 55.9
Ex—S4h 53.8 33.9 1.2 97 28 18.9 57.6 557 56.5
Ex-S8h 50.8 332 10.5 83 2.6 20.4 60.1 61.9 59.9
Ex-S12h 496 326 10.1 7.0 2.2 219 61.5 67.9 65.7

Notes : 1. All compositions are based on oven—dry untreated biomass,
2. Extrusion treatment condition : 2mm of particle size, 20% of moisture content, 200C of barrel temperature, 175rpm of screw speed.
3. Aqueous ammonia soaking treatment condition : 15%(w/w) of ammonia concentration, 60C of reaction temperature, 1~12 hours of reaction time,
4, Sample code "Raw" stands for the untreated sample.
5. Sample code "Ex-S*h" stands for the combined extrusion—* hour soaking treated sample,
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Table 2. Effect of reaction time on the compositions of untreated miscanthus in aqueous ammonia soaking treatment

Solid Composition (%) Removal (%)
Sample code -
remaining (%) Cellulose Hemicellulose Lignin Ash Cellulose Hemicellulose Lignin Ash
Raw - 417 26.3 21.9 6.4 - - - -
Raw=Sth 90.0 414 258 18.6 45 0.8 2.0 15.3 29.6
Raw—S2h 82.8 M1 25.2 15.6 44 1.4 42 28.6 317
Raw—=S4h 81.2 41.0 24.1 13.2 43 1.9 8.4 39.8 33.7
Raw—S8h 80.9 40.5 23.3 1.7 41 3.0 1.2 46.7 35.4
Raw-S12h 742 39.8 221 9.7 3.8 48 16.0 55.9 40.2
Notes : 1. All compositions are based on oven—dry untreated biomass,

2. Agueous ammonia soaking treatment condition
3. Sample code "Raw" stands for the untreated sample,

4. Sample code "Raw—S*h" stands for the only soaking treated sample for *
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