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Total Utilization of Woody Biomass by Steam Explosion( I )*!

—Delignification of pine and oak exploded wood —
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ABSTRACT

Steam explosion is one of the most effective pretreatment for fractionating wood. This leads to
the total utilization of wood basic components ; cellulose, hemicellulose and lignin,

The amount of sugar and lignin extracted with the hot water method was very low. The lignin
content of residues after extraction with using a sodium hydroxide treatment, increased deligni-
fication of carbohydrate as the concentration of alkali was increased.

Qak, pretreated with steam exploded at 25kg /cm? for 6 min. then 1% alkali for 2hrs, showed a
delignification rate up to 95%.

A sodium chlorite treatment of steam exploded pine and oak also afforded a high deligninfication
effect.

Pine, treated 10% sodium chlorite for 2hrs. showed high delignification. However, by using a so-
dium hydroxide treatment, a 2% retreatment for lhr. after a 2% for 2hrs. afforded remarkable
delignification effect on exploded wood at 30kg /cm? for 9min. and at 35kg /cm? for 3—6min.

In oak, an initial 2hrs. treatment of 2% sodium chlorite was followed by a second Zhrs. treat-
ment at 10%. This showed a delignification rate of 96%.

Keywords : total utilization, steam explosion, hot water, sodium hydroxide, sodium chlorite,

delignification
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Table 1. Steaming conditions of wood chip.
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Exploded condition

Species Sample No.* Pressure({kg /cm?) Time (mun.)
Pinus densiflora PEXW 25—6 25 6
PEXW 25—-9 25 9
PEXW 30--3 30 3
PEXW 30~—6 30 6
PEXW 30—9 30 9
PEXW 35—3 35 3
PEXW 35—6 35 6
PEXW 35—9 35 9
PEXW 40-3 40 3
PEXW 40—6 40 6
PEXW 40~9 40 9
Quercus mongolica QEXW 206 20 6
QEXW 20—9 20 9
QEXW 253 25 3
QEXW 25—6 25 6
QEXW 25—9 25 9
QEXW 303 30 3
QEXW 30—6 30 6
QEXW 30—-9 30 9
QEXW 35-3 35 3
QEXW 35—6 35 b
QEXW 35—9 35 9

*: PEXW . exploded pine wood.
QEXW ; exploded oak wood.

_.712.~



2.2.2. OFA A AHIE B2
Al 8 50g2 holocellulose B4kl o} LAk}
EFge ofAste AV B 43, A
OB T 33 st EEY o E ST, K
Bl oldAathlER o3t gy EHe
b AMHE FF &N G ALS Table 2.9 o] o}
FALMUIEES v 2 RESMS WA A K

Akt

= é P"*’E}
. RRAEBE

3.1 @Ml el R

301 == fhH
Table 3. & AvtE9} A Z2VUE BBEHE 100C
off A 1413 @*’Fﬁi—%?& AL =& 2 ligninghek

=4
= EFo S lignn@FE vEhd A

—96.8% 2 WREs dE dF 73%“]-1: L}E}
W= kotow, F& A9 lignindh oo
718 40.2-53.1%2 =2 48 AT BEES A
BYFE o] Sl E4FEES B
steke 21-7.4%2 B greE A7 #RES Al
B2YFE won, ligning#He 0.3-3.0%2 A
B2lste 64 lignind & & 5 AUt

AV BEEA o) A R Eol REATE lig-
ning#Fo] A Yehdt R ﬁf%z BasieE
hemicellulose7} F4FE G HiLE] 48
1O 2 ligningh&do] 7] Yeb A 422
gl lignin®} AF T lignind #5541}
Z el ojg FE3e fFH 4o 2H lignine] Kk
MAL#-E F5sta 7] Wl lignin FF2A
o Al 4t ATV ofg A Hol ¥ UNTE 2ol
s 7] Eolgtn AU, FE2AF lig-
nin¥ #Ee] kol 824 lignin®] 4L 1R
ol whep & ‘*‘i}ﬂ °i{"7 FES RS 1BPERIFO)
Fa A wEl Fashe oA ligning v 9
ligninat *fﬁ‘ﬁﬁlé%#"l ERt «l Eis L}%@P’ﬂ 9
g HEo| Kol HEMHYS 4 5T

AV B e d5S5E 4 —7} - ZhALS]
&2 76.6%—91.5%%2, lignin¥EFe 18.5%
—424% % & 4, AN A | AEdTE
lﬂﬂl L}wa 2o 22 AEE vl o

Fob AR gurtel €55 WA

2] hgmnf’”}‘itg R A i o L L 55
ol e}t 10-20%% = Htes, deHe st
A& B 9] ligningaFiel ] 2.3% - 13.5%
oF Vi BEEEE] o) Al bR by
soh lignin®] #E=kshr) go)] ol

ol A& FF ligning| Fx ot ¥ d 7ol A
o] #Eutolyg} hemicellulose %3 1 3 acetyl
712l gtepate] wiitolel Aztgch & me, 1%k
o} &71o 2la] hemicellulose 2] acetyl 7|7} &
Blxo] AR 4o 808 lignind el §E
off o|3 A EAtgh] o, #EEA ¥H3- 2 7)) syring-

Table 2. Delignification treatment of exploded pine and oak wood with sodium chlorite.

. Method Cone. of NaClO: (%) Treating time (hr. )
Species
' A 2 2.2-1,2=-2"*
Pinus densiflora 10 2
1
Quercus mongolica 2z E

10

*:92—1 . retreated for lhr. after treated for 2hrs with 2% NaClO:
2—72 : retreated for 2hrs. after treated for 2hrs with 2% NaClOs
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Table 3. Hot water tretment of exploded pine and oak wood at 100°C, for 2hrs.

Pinus densiflora

Quercus mongolica

Exploded T —
o Lignin Ligrmun
condition ) . ,
Yield Treated Untreated L /C* Yield Treated Untreated L/C

20—6 76.6 19.0 28.6 0.6
20—9 84.9 25.0 30.2 0.5
25—3 76.7 18.5 28.3 0.7
25—6 95.4 45.3 46.5 0.4 79.9 23.0 33.5 -
25—9 92.6 41.9 44.9 0.7 85.1 26.4 38.0 3.5
30—3 90.3 40.2 42.5 0.3 80.9 22.6 29.8 0.6
30—6 94.8 43.6 45.5 0.6 86.2 29.0 42.8 0.0
30—9 95.8 48.4 48.7 0.1 87.0 30.7 45.1 -
35-3 92.1 45.1 46.1 0.1 88.1 33.2 40.5 2.0
356 94.3 45.8 43.1 0.7 90.5 38.0 43.5 1.4
35-9 96.8 51.8 53.0 0.6 91.6 42.4 45.9 0.7
40—3 95.5 48.4 50.5 0.9
40—6 96.1 51.4 53.1 0.9
40—9 95.9 53.1 55.1 1.0

* . L /C: soluble lignin / carbohydrate ratio
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Table 4. Sodium hydroxide treatment of exploded pine and oak wood.

Conc. 1% 5% 10% Lignint
Sam. No. Yield* Lignin® Yield Lignin Yield Lignin of Exw.
PEXW 25—-6 72.4 32.8 71.3 33.9 72.1 34.8 46.5
PEXW 259 71.4 30.1 71.2 33.7 67.6 34.0 449
PEXW 30—-3 72.3 29.4 73.2 31.5 71.4 31.1 42.5
PEXW 30-6 74.2 36.3 65.6 31.0 66.5 33.9 45,5
PEXW 30—9 73.0 35.8 66.7 36.0 71.4 39.5 48.7
PEXW 35~-3 65.5 16.6 53.2 27.7 57.2 28.9 46.1
PEXW 35—-6 64.3 28.5 59.9 30.4 55.9 28.5 48.1
PEXW 35—-9 63.1 30.3 58.2 33.5 56.0 37.7 53.0
PEXW 40—3 57.1 19.5 52.2 20.8 53.4 27.8 58.5
PEXW 40—6 60.1 - 253 56.0 27.4 52.4 34.4 53.1
PEXW 40—9 59.3 29.7 52.5 28.2 53.4 35.6 55.1
QEXW 20—-6 56.9 8.3 54.5 7.5 50.1 7.2 28.6
QEXW 20—9 54.1 4.3 53.0 5.4 48.5 7.8 30.2
QEXW 25-3 51.7 5.3 53.9 6.7 51.4 7.7 28.3
QEXW 25—6 51.0 1.6 49.9 3.7 42.3 3.1 33.5
QEXW 259 49.2 1.6 43.8 1.0 39.4 2.2 38.0
QEXW 303 47.0 1.0 43.4 1.3 38.6 1.4 29.8
QEXW 30—6 46.8 0.9 39.0 1.0 32.1 0.3 42.8
QEXW 30—9 45,6 1.0 35.8 0.3 29.9 1.0 45.1
QEXW 35-3 50.7 4.1 39.1 0.6 32.4 0.7 40.5
QEXW 35-6 43.0 0.1 36.4 1.2 29.3 1.2 43.5
QEXW 35—9 43.6 2.3 34.6 1.0 26.4 1.1 45.9

*Yield and Lignin; % based on exploded wood

o BEEEEF U8 2ol NaOHEHE 5%
of PAlglol g, AT BEEEEI ANEUTH
g8l 5o lignin® o} F o] Bl

BEEH 2] Rligning $13F NaOH 8- gao
A avEsrel A4S EE sl #Agle] Klig-
ningE7F WS Az 8y AdbE
ol M= EE s [AGle] gy At e
ligningt&k-g vebdlon, 1%3 £ NaOHE®
7} ohdE o 7 B Rlignin R0 LG
ok o feff o vhebwtclh
3.1.3 OHAMUEER R

Table 5.% AuH99} A2 BEHE 2% 2

_15,v

10% NaClO: 48 2} holocellulose ® Z ol 2]
) AUFE 48], A2 IR E 38 old A EF
s B o] 2ol

LS BEME 35 olEANUEEHEOR
mEe A9 A 82 45.9%-52.1%%,
AL ligninHg&- 0.1-6.2% 2 ekttt

2VE BHHE 2% olAAMUEF FEUS
2 OEHEY A% Qo TAY FE&L 458~
63.9% 2, 2t2}e] ligningh 2 5.3-168.4% %2 Y
ehydm, AR e ligning ol B%2
v} FEyel v FE3 Kligning oA &
Uk A



Table 5. Sodium chlorite treatment of exploded pine and oak wood.

Sample 2% 10% Standard Lignin
No. Yield Lignin L /C Yield Lignin L/C Yield Lignin L/C ofEXW.

PEXW25-6 61.7 14.2 5.4 52.9 4.1 9.0 51.8 0.3 23.1 46.5
PEXW25-9 639 13.0 7.6 54.7 4.7 7.9 52.1 0.5 12.7 44.9
PEXW 30—-3 615 11.7 4.0 51.7 5.0 3.5 51.2 0.1 6.6 42.5
PEXW30—-6 553 7.6 5.6 50.4 2.5 6.5 50.9 0.1 12.3 45.5
PEXW30—-9 57.0 11.3 6.6 48.9 L5 12.1 50.2 1.2 20.7 48.7
PEXW35-3 55.9 8.8 5.5 46.7 0.9 5.6 49.3 1.0 8.0 46.1
PEXW 35-6 52.3 6.8 6.4 481 0.8 10.3 50.6 0.3 29.9 48.1
PEXW35-9 609 184 77 425 0.5 10.5 47.9 4.4 13.9 53.0
PEXW 40—-3 49.7 5.3 3.9 46.2 0.2 14.4 49.9 2.7 20.8 50.5
PEXW 40—-6 57.0 19.5 3.6 43.8 1.4 11.5 50.0 6.2 15.1 53.1
PEXW 40—-9 45.8 10.2 4.8 40.8 1.0 10.6 45.9 6.2 9.4 55.1
QEXW20-6 56.9 1.4 1.7 53.4 0.6 L5 55.0 0.1 1.7 28.6
QEXW 20-9 55.1 0.8 1.9 - - - 54.0 0.4 1.8 30.2
QEXW 25—-3 535 0.6 1.5 - - - 52.5 0.1 1.5 28.3
QEXW 25-6 55.7 0.3 3.0 54.3 0.7 2.5 55.2 0.3 2.9 33.5
QEXW25-9  55.2 0.2 5.4 - - - 54.9 0.9 4.6 38.0
QEXW 30—-3 53.9 0.2 1.8 51.7 0.2 1.6 52.1 0.1 1.6 29.8
QEXW 30—-6 532 0.4 9.6 92.7 0.2 9.1 4.7 2.0 9.1 42.8
QEXW 30—-9 52.8 0.1 20.1 52.1 0.6 13.1 55.6 3.4 15.4 45.1
QEXW 35--3 519 0.2 5.2 - - - 53.9 0.9 6.1 40.5
QEXW 35—-6 50.8 0.7 6.7 44.4 0.6 3.4 53.4 5.4 4.4 43.5
QEXW35-9 48.8 0.1 8.5 - - - 53.9 6.7 8.1 45.9
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Table 6. Sodium chlorite treatment of exploded pine wood at various time.

Sample 2hr 2—1hr 2~ 2hr Standard
No. Yield Lignin Yield Lignin Yield Lignin Yield Lignin

PEXW 303 61.5 11.7 56.6 5.7 53.4 4.4 51.2 0.1
PEXW30—-6  55.3 7.6 50.6 2.6 48.9 1.6 50.9 0.1
PEXW30--9  57.0 11.3 47.8 0.4 48.2 1.5 50.2 1.2
PEXW 35-3 55.9 8.8 49.8 1.9 47.9 0.7 49.3 1.0
PEXW35—-6  52.3 6.8 48.4 1.2 47.6 0.9 51.6 0.3
PEXW 35—9 60.9 18.4 43.4 0.7 42.4 0.3 47.9 4.4
A du, Ak 288 53.4—-55.9%, lignin Bet 9= ligningeko] 6.8—18.4%, 2~ B
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Table 7. Sugar composition of exploded pine and oak wood

Sample Sugar composition (%)
No. Ara. Xyl. Man, Gal. Glu. Rham,
PEXW 25—6 0.9 1.5 0.8 T* 96.6 T
PEXW 30—3 0.3 2.2 1.3 T 96.2 T
PEXW 3¢—6 0.7 1.7 0.6 T 97.0 T
PEXW 309 0.6 0.6 0.2 T 98.6 T
PEXW 35—3 T 1.1 0.6 T 98.1 T
PEXW 35-6 T 0.9 T T 98.8 T
PEXW 35—9 T 0.9 T T 98.8 T
PEXW 40-6 T 0.4 1.3 T 98.3 T
QEXW 206 0.3 6.1 0.5 T 9.1 T
QEXW 25—-3 0.3 6.2 0.8 T 92.5 T
QEXW 25—6 0.3 3.6 0.5 T 95.1 T
QEXW 25—9 0.2 2.3 0.5 T 97.5 T
QEXW 30—3 0.3 1.6 0.6 T 97.5 T
QEXW 30—6 0.3 1.3 0.5 T 97.9 T
QEXW 30—9 0.3 0.6 0.5 T 98.6 T
QEXW 35—6 0.2 0.5 0.3 T 98.9 T
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