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On the Distribution of Condensed Structures
in Kraft Lignin

Masamitsu Funaoka and Isao Ase
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Fig. 1. Fractionation scheme of kraft lignin.
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Table 1. Yield of each lignin fraction.

Fraction Yield (%)
F-1 0.17
P2 41,67
F-3 4.74
F-4 53.38
Loss 0.04

Table 2. Compositions of fractionated kraft lignins.

Elemental composition (%)

Frac- OCH,; Empirical formula
tion (%) C H O* S N

F-1 2.54  53.37 3.14 38.12 4.00 1.37 e

F-2 14,74 64.57 5.58 28.81 1.04 e CoHy 55024556, 06(0OCH,)g. 56
B3 1324 61.26 5.68 31.30 1.76 —_ CyHy 40029586, 16(OCH ), 55
F-4 13.52  66.87 5.90 26.22 1.01 e CoH; 550,.1150.05(OCH3)0. 15

* By difference
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Fig. 3. 4Ei curves of fractionated kraft lignins before and after reduced with sodium borohydride.
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Fig. 5. Infrared spectra of fractionated Fig. 6. Proton-NMR spectra of fractionated
kraft lignins. kraft lignins.
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Table 3.

Protons in fractionated kraft lignins.

33

Range 4d-Value

(ppm)

Assignment

Proton

F-2 (acetylated)* F-3 (acetylated)* F-4 (acetylated)*

o

(num-~
er/Cy)

(%

(num-
ber/Cy)

()

(num-
ber/C,)

8.00-6.30

Aromatic proton.
Olefinic proton
(a~vinylic).

17.15

2.19

16.69

2.34

18.15 2.43

I

6.30-4.10

Benzylic proton in the
type Ar—-CH(OAc)-R.
Olefinic proton
(B-vinylic).

Proton attached to
carbon atom that
carries an ester or
ether linkage.

15.17

1.94

14.17

1.99

10.30 1.38

I

4.10-3.40

Methoxyl proton.
B-Proton in phenyl-
coumaran element,
benzylic proton in the
type Ar-CH,~CO-R
and methylene proton
in diphenylmethane
element.

20.67

2.64

20.40

2109  2.82

v

3.40-2.40

Side chain proton in
the type Ar-CH,~
CH-R.

12.50

1.60

12.83

1.80

11.10 1.49

2.40-2.20

Aromatic acetoxyl
proton,

7.01

0.90

11.21

1.58

1549 207

VI

2.20-1.60

Aliphatic acetoxyl
proton.

20.94

2.67

18.56

2.61

16.23 2.17

VI

1.60-0.40

Positively shielded
proton.

6.56

0.84

6.14

0.86

7.64 1.02

* Empirical formula:

Acetylated F-2, CoHq, 2303.4450.06(OCH; )0, 56(COCHS,); 32

” F-3, CyHs. 5202, 0550, 10(0OCH;)0.55(COCH3), 55
” F4, CyHq.2502.1150.0s(OCH3)o.77(COCH3), . 55

Table 4. Functional groups and condensed units of fractionated kraft lignins.

Fraction Determination
TItem method
F-2 F-3 F-4
Phenolic OH (1) mole/C, 0.30 0.45 0.55 AEi and NMR
Aliphatic OH (2) " 0.89 0.87 0.72 NMR
Total OH (1)4-(2) ” 1.19 1.32 1.27
Phenolic a-CO ” 0.05 0.06 0.06 AEr
Condensed unit* % 81 66 57 NMR

* Probably slightly low because calculated neglecting the presence of a-vinylic
proton (Table 3).
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Fig. 7. Condensations of lignin during kraft pulping.
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Fig. 8, Formation of catechol from softwood lignin by nuclear exchange method.
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Fig.9. Comparison of nitrobenzene oxidation and nuclear exchange method.
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Table 5. NOP yields in fractionated kraft lignins.

Vanillin Vanillic acid Total
Fraction
03] (mole/C,) 4] (mole/C,) 0] (mole/C,)
F-1 2,12 0.170* — 2.12 0.170*
F-2 9.22 0.111 2.31 0.025 11.53 0.136
F-3 9.17 0.116 2.91 0.033 12.08 0.149
F-4 8.99 0.104 3.06 0.032 12.05 0.136

* mole/OCH;

Table 6, NEP yields in fractionated kraft lignins.

Guaiacol Catechol Total
Fraction Reacég.ct)e p.
() (mole/Co) (%) (mole/Co)  (74) (mole/C,)

F-1 150 1.00 0.098* 0.67 0.074* 1.67 0.172%

130 12.57 0.186 3.97 0.066 16.54 0.252
F-2 150 6.06 0.090 10.21 0.170 16.27 0.260

180 trace 14.72 0.245 14.72 0.245

130 16.82 0.261 3.28 0.057 20.10 0.318
F-3 150 5.66 0.088 8.59 0.150 14.25 0.238

180 trace 14.04 0.246 14.04 0.246

130 10.59 0.150 3.36 0.054 13.95 0.204
P-4 150 8.61 0.122 9.18 0.146 17.79 0.268

180 trace 14.76 0.235 14.76 0.235

* mole/OCH,



36 MO OE k- g my

Table 5 Bk U Table 6 W ZNENEKMICHE T % NOP LU NEP YUit45R7, NOP 1Y
I F-3 ST RO, 4FB X OFEEMAIENE (RE > ThE F-2 LU F4 Off
MR —TH 2 BUTBBRE O, WM B W 5 96 4 B B EAERICH T %5 NOP Ik o 43
BdBb&, F-2 0072, F-4 C0.32L785%, F-2 K815 C Oz MWL © NOP/NEP
P FE R LTEB Y, chid F-2 oA REALIC S 0 2 Mo KIGtE s MWL O Z2hic
ERLTHBC EEB®T 5, —F F-4 Offild F2 12U FThHb, F-4 o=~
YRR LTS OARTEETH B MR IR S, ch s DHEE, KaTRES
BXORECUPHBENEZT TNB L EERLIZED UV LT NMR HOEE—HT
%o —H, BRSO K NEP WL, = bwNr¥ribaiaflg, F-3 b, F-2
BLUF-4 OMIBEH LTS, UL, F2 BXU F-4 KB 35U 3090 &0
E 150°C THKEN T A0 L, F-3 O¥&1d 130°C Th 5, WBEE 130°C ki 5
)7 =50 NEP Uk D 150°C & 510 E 180°C DIk DO TE O EWS BB hET
BEINTE S0, gl 130°C TRAYKIE HIF & A EHE U pen), F-3 O
&, 130°C TOBBBBBE LB ENIT LILBDB, COBELE, 777 P ERBBTELKL
V7 a2 A g BHEMED F-3 KEFETIC LIS EEXL, Tbb, Nk
B 130°C Tid, Y7 am2d 2 rMEOR ) 4 FIEEANOBILNE 2 NFRIER TR LM,
150°C BT 180°C T, 4FWB7 =/ —~ MLk > CTHAWIMTBWICY 7 = = 2 & 5
RSB WTET S/ 4 FEEERSh, TICHEEIA SMBE R EESE T o5
FREHTY Yy FERD, UBHAEBRMBE U P o &BEZBY, Y7 2202 20 H
BNE MY T a2t 2 rBIESER T LAY —RITT v 3 i Bis1) Th AN
F-3 372 YR, Thby—KiEREPDIBOA L) —ARBERSTHD, CORIBY
Va2 AR rRBGIEL R PARTFRENB L ETH S,

ERIICHA LIl Y 7= F BILEV V= THBRY, chBEDOL S LM ARE &
TOBDPERRTH B, #->TZ DV F = OHEMITO NOP/NEP fliigl] & ic LIS,
—ECCTO07 EET B &, FRMCBTZMPUCY 7 = =0 2 2 Y BHEGZA LIS I &
BWRL & D NEP YU,

F-2: 0.136/0.7=0.194/C,

F-3: 0.149/0.7=0.213/C,

F-4: 0.136/0.7=0.194/C,

LB, Pens T, V7 2= 2 CBIEERND SER U NEP IURIZ

F-2: 0.260-0.194=0.066/C,

F-3: 0.318-0.213=0.105/C,

F-4: 0.268—0.194=0.074/C,

L EN, F-2 w3 IR b,
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Summary

Industrial kraft lignin (TOKAT Lignin F) was fractionated into three fractions (F-2, F-3
and F-4), based on the solubility to acetone, acetone-water, and methanol. The properties
of each fraction were examined by nuclear exchange method and nitrobenzene oxidation.

The reactivity of side chains of non-condensed units was similar to that of MWL, in high
molecular weight fraction (F-2), whereas, was very low in low molecular weight fraction (F-
4). The diphenylmethane types of condensation during the pulping process were less in high
molecular weight fraction (F-2), compared with low molecular weight fractions (F-3 and F-
4). It was suggested that the diphenylmethane structures in high molecular weight fraction
are rich in phenol-formaldehyde resin types, whereas, in low molecular weight fraction,
there are also more amounts of inactive structures condensed secondary between side chains,
in addition to diphenylmethane structures.





