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Synthesis of Aromatic and Aliphatic Compound
from Kraft Oak Lignin and Acetosolve Straw Lignin
by Thermochemical Liquefaction®!

Byung G. Lee™

ABSTRACT

Kraft oak lignin and ricestraw lignin from acetosolve pulping were dissolved in 50/50 mixture of
tetralin/m-cresol solvent. The dissolved lignin was reacted in the pressurized autoclave which was
operating at 350~500C of reaction temperature and 10~ 20 atms of reaction pressure respectively.
Hydrogen pressure of 60~80kg/ar was exercising into the pressurized autoclave reactor tocreate ther-
mochemical hydrogenolysis reaction.

It was identified by GLC, GC-MS and HPLC that the alkyl-aryl-8-O-4 ether bond of lignir: was
cleaved and degraded into varioug smaller molecules of aromatic compound such as phenols and cresols
under the reaction conditions around 300C and 10 atis of reaction temoerature and pressure.

Hydrogenolysis reaction of lignin compound which was done above 500C of reaction temperature
and 20 atms of reaction pressure showed that the amount of aromatic compound such as phenols and
cresols degraded from reactant lignin was decreasing with newly present and increasing water out
of preduct mixtures, It wassupposed that new aliphatic compound of high molecular weight hydro-

carbon is composed due to higher reaction temperature and pressure of hydrogenclysis reaction such
as 500T and 20 atms, even though it was almost impossibie to identify what kind of degraded prod-
ucts it was by HPLC.

Keywords . Acetosolve, thermochemical liquefaction. aromatic and aliphatic compound.
hydrogenolysis.
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Fig. 1 Pyrolysis and hydrogenolysis products of
kraft oak lignin operated in different
reaction temperature accompanied by dif-
ferent reaction pressures.

Notes: 1. Solid products(charcoal etc. ).
2. Gaseousproducts(H,, CO, CO,, CH,.
C,H,. ete.),

. Liquid products(product oil includ-

ing phenols and water).
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Table 1. Hydrocracking liquefaction of kraft oak lignin by hydrogenolysys reaction

Temp(C)/Pressure(atm.) (33/5 ti/z) TOL(%VI,E hyeor)mols Nonﬁp(}\f; Ola;) liquid ?\}ﬁrc%a)l
300/ 10 1.32 9.67 0.61 69.2
350/ 12 1.78 9.26 1.21 57.3
400/ 15 511 8.33 3.59 49.7
450/ 18 10.21 7.54 4.76 29.4
500/ 20 19.81 6.32 6.71 11.1

Jephenold AA 7t gdaA F718HE BAl] BelFa
ok, EZ 500C mlgkelA Bal=r] ofelE gade
E3)4H8-2 B charcoal 2 @74 =+ H} o] charcoal
o} go] A TS gA] whgew et vhgtEHol &
71l w& FEphenold d#e] SR s Az W
etk 2eivo] JEphenold Al ddd] e F
7o f71sHER Hg=EY 2ol Aol HPLCW GC-
MS Eo2 EMgrldie Wi FHAAT & I
Sl uhg o] glade] AR Bibge] Kl 24
I (hydrogenolysis reaction)dl] & g]1de] A%
24, FHE(aliphatic reaction: Faix etal . 1988).
= g3t 22 -8 AXAY

n{CQH7,502'5(OCH3)0,96} +18nH,
s nCH g + TH,O oo

Fig. 2614 Ei= ute} go] Bale WS sgEc]
A2l hydrogenolysis S AX 2433} sh= 2o

HO +5H2 =3 -CaH-R+H0
R

Fig. 2 Expected hydrogenolysis reaction of
lignin originated aromatic compounds.

2 #ergti(Schulten, 1987).
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Table 32 AHEn21tEd tetralin/m-cresol 2t
7} 50921 E3-8ohs} FAHE 5% Co-Mo E£F5v)
g Fqsle whgex 300, ol reactor UjFef &
A 2 E 107]19e2A HgUiA) 2589 g2
o mgdked 1587 wheAIZl - Algsi YR
¥he- reactor 2 WA WA 7] v ES 10%
NaOH &9d22 $&3 31 vz vt (%) E
acetone §ol 2 I 33H| 28 FEFEAL Yol &
8 GLCY Gas Chromatography-Mass Spec-
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Table 2. The catalyst-reaction temperature effects on products yield.

300C B 400C 450C 500C
Catalysts Gases & Gases & Gases & Gases & Gases &
LiquaMie  Chareoal pioviamix Charcoal piovigmix Chareoal pogavx Charcoalpiong gy Charceel
Ni 34 66 48 52 66 34 74 2% 82 18
Co 37 63 a7 53 63 7 73 27 78 )
Mo 36 64 50 50 61 39 75 25 80 20
Pt 33 62 44 46 66 34 73 27 88 12
Co-Mo 38 62 44 46 67 33 72 28 89 1
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Table 3. Yield of phenolic hydrogenolysis products from lignins: mol % based on dry materials.

No. Substance E)ak Lignin Ricestraw Lignin
(Kraft process) (Acetosolve process)

1 Phenol 0.00 0.10

2 Guaiacol{Phenol-2-methoxy) 1.13 0.96

3 Guaiacol-4-methyl 1.06 1.09

4 Phenol-4-propyl 0.98 1.21

5 Syringol{phenol-2. 6-dimethoxy) 1.45 1.11

] Guaiacol-4-propyl 1.62 1.64

7 Syringol-4-methyl 1.12 1.26

8 Syringol-4-ethyl 2.31 1.92
Total{wt2%) 9.67 9.29
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Table 4. Yield of phenolic hydrogenolysis products from lignins : mol % based on dry materials.

No. Suhstance Oak Lignin “Ricestraw Lignin
(Kraft process) (Acetosolve process)

1 Phenol 0.10 0.10
2 Phenol-3/4-methyl 0.10 0.08
3 Guaiacol{phenol-2-methoxy) 0.47 0.42
4 Guaiacol-4-methyl 0.96 0.95
5 Phenol-4-propyl 0.88 0.82
6 Syringol(phenol-2, 6-dimethoxy) 0.47 0.50
7 Guaiacol-4-propyl 0.58 0.51
8 Syringol-4-methy!l 0.79 0.66
9 Syringol-4-ethyi 0.63 0.65
10 Guaiacol-1-propy! 0.48 0.52
11 Syringol-1-propyl 0.86 0.71
Total(wt%) 6.32 5.92




Table 5. Solubility of “Total Phenols” and "Non-Phenolic Liquid” in Water.

Water Temperature(C) Total Phenols Non-Phenolic Liquid
25(room temp.) 3.1 0.11
40 4.3 0.48
60 7.4 0.79
80 11.6 0.92
100 14.9 1.31

3.4 2|ad amEye| 3o Wt 2t
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