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Separation of Wood Components by Acetone™!
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ABSTRACT

The purpose of this study was to seek the optimum condition for effective separation of the
chemical constituents of wood biomass by means of hydrolysis of acetone solution in presence
of acid salt as a catalyst. Out of diverse acid salts the catalytic effect of aluminum sulfate
(AL(SO4)3) was the most excellent during the hydrolysis of wood biomass in the acetone solution
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and the optimum concentration was 001 M (63 wt%). In the condition of mixture ratio of acetone
and water to 9:1 as well as optimum concentration of aluminum sulfate two wood biomass
species, oak wood (Quercus mongolica Fischer) and Pine wood (Pinus densiflora Sieb. et Zucc.),
was hydrolyzed for 45 minutes at 200°C and the degree of hydrolysis was determined to 92.7%
and 924%, respectively. Extending the reaction time to 60 minutes in the mixture ratio of acetone
and water to 8:2 the degree of hydrolysis of cak wood was also ca. 927%. In the case of Pinus,
however, the similar hydrolysis ratio was obtained at 210°C. As the temperature and hydrolysis
time increased, the quantitative amount of lignin recovered from the hydrolysate clearly
increased, whereas the total amount of carbohydrates in the hydrolysate decreased rapidly.
Considering the recoverable amount of lignin and carbohydrate in the hydrolysate, the best
condition for the hydrolysis of wood biomasses were confirmed to the mixture ratio of acetone
and water to 8:2, the concentration of aluminum sulfate of 63 wt%, hydrolysis temperature of
190°C for 60 minutes. In this condition the total amounts of carbohydrate in the hydrolysates of
oak wood and pine wood were estimated to 47.6% and 51.4%, respectively. The amount of lignin
recovered from the hydrolysates were ca. 182% for oak wood and 13.7% for pine wood.

Keywords: hydrolysis, acetone, Al:(SO4);, Quercus mongolica, Pinus densiflora
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Table 1. Chemical compositions of wood sam-

ples
Composition Q m(oo%golica £ de(r(%]‘] ora
Cold water extratives 443 335
Hot water extratives 565 546
1% NaOH extratives 887 503
Alcohol-benzene extractives. 283 747
Holocellulose 7534 6705
Arabinose - 205
Xylose 2914 870
Mannose 346 2069
Glucose 6745 6836
Klason lignin 2143 2802
Ash 046 026
SPAA FE el (pressure vessel, 452HC2: Parr
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GC #2418 2215+t (Albersheim®} Nevins, 1967;
Chen¥} McGinnis, 1981).
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Fig. 1. Effect of H;SO4 concentration on hydrolysis.
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Fig. 2. Effect of various catalysts on hydrolysis.

7o) R2-w QA TH(Aziz9} Sarkanen, 1989, Lohrasebi
9} Paszner, 2001).
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Fig. 3. Effect of amounts of Al2(SOs)s on hydrolysis.
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Table 2. Lignin contents in hydrolysis residue obtained from diverse experimental condition”

Quercus mongolica

Pinus densiflora

Hydrolysis

Temp.  Time Hydr'olysis Lignin Lignin Hydr.olysis Ligmn . Lignin .

CC)  (min) Residue (Re&due ba515) (Wood basis) Residue (Residue basis) (Wood basis)
(%) (%)” (%) (%) 0" (%)
180 60 3305 2950 975 4290 2079 892
190 60 1921 3886 554 2720 30.74 836
195 60 1313 4192 550 1697 3311 562
200 15 2011 2080 418 2850 3104 885
30 1801 1584 285 1833 4764 873
45 1268 2050 200 1453 49.89 725
60 737 3353 247 1190 4731 503
210 60 599 4090 245 607 9249 561

" Lignin contents were analyzed by the hydrolysis residue during sugar determination.

2 Acetone/H,O ratio : 8/2, Al(SOy); addition : 001 M
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Table 3. Lignin contents separated from hydrolysates (% on OD wood basis)

Cooking Qercus mongolica Pinus densiflora
é?{lcglli?ln) G{:C/e]:_cgl)[lgrlign " Centri-fuge Total G;C/CF_C%(I)[I;Iign " Centri-fuge Total
190, 60 1787 028 1815 1023 345 1368
200, 30 1471 107 1578 886 345 1231
45 1370 411 1781 1151 316 1467
60 1833 231 2064 1265 443 17.08
Sawdust - 2463 - 2754
A 2 RA bR bl 6 e W FRe AR Qs fad P o RHon B
Fg ehha Qe o $9 AR 240 slop AW AAYoRE: oie) LAt Ak §
A AZGFEARG Ay e Thedseo] vl g S8l 7olA Fd ad 2 olBA R =
A7 AA S gad o2 E7] WEold =4 A
3.3. 714 omRE Tt BlOH 22 332 9 =9
331 2704 28 7_??%‘11% ol e M &S AAlste] &
B - 28k A¥= Table 49 2t
ZFrEelEe @58t GF/F o3 ea 914 Table 4°l4 ¢} 3] Al A b A 25
#2]71(14,000 rpm, 10 minutes) 2 A 2lsle] 21 7hEEE] SR AR A% sl wet sl o o
= skt 7k el 2=k Algtell whE 2l ol §A43] Fasirh. Fd7 v 2ol At
ko] ¥skE Table 3% 2t} Ao A7 AT ARG 3]Eo] =9k
ZhrEd] &l Fird Blad g2 T FE B TRFoRE AT A Al B EFAe
ZhEiel] 2= B ARkl S7bEE A UEbT 27F 7P w2 S Ui, e o' Aldy
ol Zhriel 2k B Agto] Skt whef Zhri Aol Apolm Q2 kA o] Wi @ 27} ApA] 8t
dqex Srketa 2lade 85k S7Hek7] W k.
oz AlRdEd AdUFAE THEad &l T 2= ARto]l S SR TheidlE
oA E8 SRR U B2 gads dad ol iE T 2 ol 2A BT AA YEhut=r
AT o] AL FAT Tkl 20l 24 g o= Zhal g olM A el kol
adol A eladry o A &=k Ao U EAR A3k o AbmErh aEa Ay
I Bk 53] 190°C, 60l Zhritaieh A et Ao A Dol FrEol UA B2 THEES
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Table 4. Chemical composition of the sugars
separated from hydrolysates (% on
OD wood basis)

Hydrolysis condition

190°C, 200°C, 200°C,
60 min. 30 min. 60 min.

Total sugars 4760 3751 2801

glucose 7070 7567 7054
Quercus mannose 918 432 585

mongolica  xylose 2012 2001 1784
galactose - - 2360
arabinose - - 341

Total sugars 5137 4822 2744

glucose 8735 8598 80648

Pinus ~ Mmannose 540 600 220
densiflora  xylose 273 274 252
galactose - - 548

arabinose 451 428 322

Table 5. Furfural concentration in hydrolysates
(% on OD wood basis)

Hydrolysis condition — Quercus Pinus
(°C, min.) mongolica densiflora
190°C, 60 min. 038 053
200°C, 30 min 044 041
45 min. 032 040
60 min. 049 020

Aol A= old Aibo] dojup=A] dolr ] 913
A Thrddeel Hrd T
t}. 1 A= Table 59 2t}

Table 504 B nle} Zo Z
=59k AIZE B o] BAIgle] HaL 0.
2 A A AT 4 7
FadeA e @] 4
At (Lora %5, 1991). 53] &
2 Fo] lzowg FRIY
Zacchi, 2002). L]} ofAl|Eol| o] gk 7pEital ol A =
FREG Yol A3 v o] k. o]
T IGA adE AEZ QoA 1-44%S

st e o)xgk 2709 glucose units®] S

44
u

ﬁg
I
Shi
:?l:',
=2
X

m
ol

il
K

— 239

-OHEo] ofAlEe 98] AA=E 37 AL (hemi-
ketal) S @AdstaL, o|A¢] B, 1-425S °F3IAIA glu-
cose isopropylidenes® 753 5% W& %
3}7] wji-olt}, o 7] A7) glucose isopropylidenest=
2 2R E GA 253 AR Hdgkdn, ey
o] 2 AL Fo] TEFLR B4

T =
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9:1, HESAIZE 458 WS- 210°CE 7}
71 3, ZujE H71E Al(SO.):] AlPFol
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Fig. 7. Quantitative analysis for Al of hydrolysis
residue, crude sugar solution and lignin.
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