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Component Analysis of Liguefied Lignins“
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ABSTRACT

This study was conducted to examine the change in the structure of the lignin during
liquefaction of kraft pulp lignin in Pinus korainsis and lignin sulfonic acid. The lignin liquefied
compounds were extracted with chloroform from aqueous, liquefied lignins. Through the
examination by IR, 'H(*C) - NMR and GC - MS spectrometers, phenolic compounds such as
diguaiacol, acetic acid phenyl ester, phenol, 1-phenyl ethanone were identified with many of
unknown phenolic compounds.
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Table 1. Treatment condition and liquefaction
yield of LSA and KP lignin

(’frﬁe) ’I‘(qrcn);). Solvent Yield Remark
0,
60 180 phenol  99.4% (LSA) 1G4

(N2 gas) 99.9%(KPL)
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Liquefied KP lignin
| <o

| |
Water layer Organic layer
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Waterl layer CHCls solubles  CHCls solubles ~ Water layer |
KL-1 KL-2

Fig. 1. The extraction of liquefied KP lignin
from Pinus koraiensis

Liquefied lignin sulfonic acid

| « Saturated NaHCOs aq.. CHCl3

I |

NaHCO3~H20 layer CHCl; layer

—25%HCl, pH=6, CHChx <NaOH-H:0, CHCl
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LS-3
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Fig. 2. The extraction of liquefied lignin sul-
fonic acid
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Table 2. Assignment of infrared absorption bands in liquefied lignins

Absorption frequency (cm™) ..
. Band Origin
KP lignin  KL-1 KL-2 LSA. LS-1 15-2 LS-3
3600(m) 3600(m) 3575(m) 3400(s) free O-H stretching
3500~ 3510~ 3400- 3500~ 3250-  3500- O-H stretching
3400(w)  3180(s)  3300(s)  3400(s) 3050(m)  3100(m) | (H-bonded)
3070, : 3245, 3130~ 3070, aromatic C-H
3100(s) 3179(m) 3120(m)  3120(w) | stretching
2050 2050 2080~ 2950 o
RE0(w) 2980w 2R50(w) 2805(w)  2850(w) | alivhatic C-H
1749- 1660- 1675~ 1690- 1740~ 1660~ 1770,
1640(s) 1630(s)  1630(m)  1610(s)  1610(s)  1640(w)  1710(w) | ester, Carbonyl
1610- 1600- 1610- 1610wy 1600~ 1600, aromatic C=C
1600(m) 1590(m)  1580(s) 1580(s)  1590(s) | stretching
1560- 1530- .
1560~ 1500(m) 1569 1510~ 1500- aromatic C=C
}ggggfg) 1500(w)  1460(m) }iggéfg) 1460(s)  1450(s)  1465(s) stretching
1145, 1140, 1145, : _
1130(w) 130(s) 1140 1130(w)  1130(s) | guaiacyl C°H
1320- 1330(w), 1285, 1250, 1260, 1265- 1260- . .
1160(m)  1300-1160 1240m)  1300(w)  1150(s)  1200(m) 1160(s) | C~O stretching
1050, )
1025(m) 1035(w) 1100(w) 1010(s) S=0
ggg'(m) 82821‘;}; C-S deformation
850, 820, 820 830, 836, 815, 880- aromatic =C-H
815(m) 760(s) 760(s) 800(m) 750(w) 755(s) 690(s) oop bending

w: week, s! strong, m: middle



20 Hgte] e
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Table 3. 'H-NMR assignment of KL-1, KL-2, LS-1, LS-2, LS-3 fractions, KP lignin and lignin

sulfonic acid

Signals (ppm) .
Assignment
KP lignin KL-1 KL-2 LSA. LS-1 LS-2 LS-3
10.08 10.22 9.28 9.64 928 9.90-9.40 9.53 CHO
9.88-9.20 9.33 9.25 8.31 9.33-9.04 948 phenol OH
8.92-8.38 9.01 891 8.39 8.15 8.89 9.37
8.71-859
792 7.72, 1.71 7.77-7.61
7. 752-745
7.37-7.2773 7.40-7.24 7.48-7.30 745-742 743, 741 7.44-7.40 H-Ar(Zl2xd
2-7.20 7.39-7.20 7.32-727 % 39
7.19-7.17 7.22 7.18-7.05 7.18-7.14 7.12 H-Ar(F47) 9+
7.16 7.12-7.09 9)
713-7.02 7.13-6.96 7.04-702 7.08-691 7.04-7.00 H-Ar(p-CHO)
H-G
6.98-6.88 6.94, 6.90 6.93-6.88 6.93-6.89 699-680 6.99-6.81 6.97-6.95 H-Ar(p-OH)H
6.84, 6.78 6.78 6.80-6.73 6.71-6.59 -Ar-S
6.83-6.65 6.76, 6.74 6.77-6.68 6.69-6.58 6.78-666 6.71-6.59 6.72-6.70 vinylic @-H
6.62-6.51 6.70 6.66-6.58 6.50-6.33 6.63-655  6.58-6.50 6.65-6.62 H-Ar-S
6.47-6.30 6.67, 6.60
647, 6.34
5.43 6.17 6.17 6.17, 5.59, 5.42- vinylic 8-H
5.15 5.22 523 a-H(B-1,
B8-0-4)
5.09-4.03 4.19-3.40 392,386 493 407-250  4.70-360 464, 4.12 H-¢o,8,7
3.67-3.47 3.40 383, 382 386 3.78-357 347 3.90, 3.68 HC-O,
3.33-2.83 3.08 379, 376 3Tt 3.39-2.57 3.76-3.74 HC-0O,
3.74, 3.61, 3.63-3.623.] methoxyl
3.73 3.56 a3
357 3.30-3.14 3.41-3.39
2.60~2.41 2.99-2.56 237,226  2.96-261 233, 227 233, 227 aromatic
233 2.20 2.50, 2.22 2.21, HsC-CO
2.25-2.17 2.19 2.13-2.05 213-2.12
2.09-2.02 209, 198 2.00 2.14 2.08 aliphatic
1.99-1.93 191, 1.85 1.78 192 HsC-CO
1.83 1.76, 1.66 ArAc(o-Ar)
1.78-1.66 1.63, 1.59
1.60-1.57
1.52-1.39 1.52, 1.45 1.52-1.49 1.29-1.12 1.44 1.59-1.40 1.33-1.231.; methylene
1.32-1.19 1.31-1.24 135 126  0.87-0.78 126, 124 123 20-1.16 methyl
1.05-0.96 1.156 1.19-1.16 1.15 1.16-1.11 1.02
0.92-0.89 1.00-0.99 0.88 1.09-1.06
0.87-0.80 0.86-0.74 0.86
0.72-0.70
0.60-0.56
0.48-0.43

gad F A59 48 FFE9 "C-NMR
2~FEZE Table 40 &4 29F H2lsAt.

g dZE4 Y38 F9 COOH, CHO7|
2} CH3CHO®9 ®4+E 170, 176, 181ppmoll A
velvda glen], KL-2¢9 LS-3%9] guaiacol
o] A C4E 139-148ppmoli A Vel gld,
ES WEsolAe]l methoxyl7] 7 £9o] U=
B4 I3+ 55-57ppmell Al & Jeha 9
=

3.4 st 2&|E2| GC-MS &4

Zt fraction HZ29 GC-MS
Table 59 8°F Az st}

KL-1 fraction®l A& KP #ad 43A o
3l gul2 AL£3 phenold A As7] 95t
H209 2olX FAAZD Helmz oy
phenole] H& = 43tt.

KL-2 fractiond| M & §71&0 £Eojnz
phenol®} diguaiacol $o] EAEgon ujzE

EES

H A
=4
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Table 4. "C-NMR Assignment of KL-1, KL-2, LS-1, LS-2, LS-3 fractions, KP lignin and

lignins sulfonic acid

Signals (ppm) .
Assignment
KP lignin KL-2 LSA LS-1 LS-2 LS-3
191.2 181.3 COQOH, CHO
1796, 174.7 176.4 170.3 CHsCO
159.6, 159.5 159.1 Ci-phenol
158.8, 1580
157.3-156.4 156.6-156.0 Cs-G-R
155.7-155.3
153.2 153.8-153.2 1515 154.0 Cs.S, Cs-S
148.3-143.9 149.4-148.4 149.0, 1484 1486, 1469 1479 ' Cs-G, C3, 5-S
1479, 1465 148.0, 1469 1484 145.3, 1436 CsG
1452, 1444 139.0 140.0
143.8
137.0 137.1 136.6 Cy, C4-S
134.2 131.4-130.9 1339 1333 C-G
1320 132.0 132.0 CB
129.8-128.8 1294, 1283 128.8-127.3 128.1, 1279 Cs—phenol
C,. C8
126.6-119.6 127.2,121.3 127.3 122.9 122.6 Cs—phenol
122.7 Cy GG
115.7-115.1 116.0-115.9 116.2-114.1 113.1 119.2 Cs-G
1155-115.1 Cs, Cs—phenol
114.2, 1126
111.7-110.8 108.4 1105 Co-G
107.0, 105.2 108.7, 105.2 Cz, C-S
96.1, 935 99.0, 93.9 101.8, 96.5
742 90.9, 68.1 76.2-75.1 736 Ca
74.8-73.0
72.8-68.0
63.0 82.1-80.0 87.7 CB
60.4 62.0-60.5 60.54 Cr
55.7 57.2, 55.8 5.3 574 57.2-56.5 54,9 CH;0
465, 454 48.2, 46.5
3 6 .5, 378 383, 355 3H5 Ca
346-33.8 36.2 34.7-33.2 : (Ar-C;HsOH)
314 31.1 CB
309 (Ar-C;HsOH)
29.2-28.7 22.7 234 30.9-30.4 30.4 CHs3-Ac
26.7, 205 26.7-25.8 21.9,
24.9-222 24.0-23.0 21.4
16.5, 14.1 18.2, 15.8 19.66 16.9 CHs
A% QYU dipentyl ester %] +4 %3t}
LS-1 fraction9l A+ LSA H3A] AL&3 LS-3 fraction?l A& guaiacol® ethanol®]

phenol& A A3H7] st NaHCO3Z XE3HA|
AX  chloroforme® ¥ 3 fraction? d,
phenolo] 2 EAH At

LS-2 fractiond] A& LSA9Y HaA2E9 o
%9] phenol& Yl E3te 2,5 - dimethyl - 2,4 -
hexadiene® acetic acid phenyl ester, 1 -
guaiacol, carbonic acid

phenyl ethanone,

EAHA09 phenold WAEAE YAt

ol tHelge ¥4 A, KP gadely
gad AEAo]l Fi7|HEeA 180T A 60
o dztzd oMz 433 HEAIE R
& = 9t =, phenolF ¢ phenyl ester
wggoz gol WMIHUD Ao 250
sle] ERE2 FRHY HAY

O oft o
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Table 5. GC-MS data of liquefied KP lignin and lignin sulfonic acid

Fraction Ret-Time Area(%) Probable assignment Mass fragment (m/z)
KL-1 24.590 61.32 phenol 94, 66, 39
22.886 unknown 173, 133, 119, 91, 79, 43
KL-2 23.142 4.82 diguaiacol 246, 124, 109, 81, 53
23.690 unknown 174, 142, 98, 83, 71, 43
24502 93.67 phenol 94, 76, 39
LS-1 23176 - <0.001 unknown 86, 71, 54, 43
24.637 19.28 phenol 94, 66, 51
18.599 <0.001 2,5-dimethyl-2,4-hexadiene 110, 95, 68, 52
20.097 0.68 acetic acid phenyl ester 136, 94, 77, 66, 43
LS-2 20803 <000l  1-phenyl ethanone 120, 105, 77, 51
23.128 078 diguaiacol 246, 124, 109, 81, 53
24.504 9894 " phenol 94, 66, 50
6.765 021  ethanol 46, 45, 31
23.243 0.26 guaiacol 124, 109, 81, 63, 53
LS-3 23.491 <0.001 1,1,4,4,6-pentamethyl heptyl 246, 207, 175, 119, 91, 57
benzene
24.116 0.37 unknown 246, 159, 133, 105, 71, 43
24411 99.16  phenolic unknown 185, 150, 144, 118, 94, 66, 39
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