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Lignin Characterization by Acetylation Procedures

Carolina Cateto 1’2, M.N. Belgacem3, Alirio E. Rodrigues 2, Filomena Barreiro "2

(1) )
Laboratory of Separation and Reaction Engineering
School of Engineering - University of Porto

School of Technology and Management
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Introduction

The amount of the total hydroxyl content of lignin is of great importance in
the formulation of a lignin based polyurethane system since it allows the
quantity of the polyisocyanate counterpart within the right stoichiometry. In
this work, the reliability of an acetylation procedure, regarding the
determination of total hydroxyl content of a commercial kraft lignin, was
studied.

Some important remarks, concerning lignin acetylation procedures, are
given in two fundamental texts edited by Deen and Lin (1992) and Zakis
(1994). In practice, the application of acetylation is difficult and subject to
the influence of several variables.

Objectives

The objective of this work is to examine the reliability of some typical lignin
acetylation procedures. Lignin was acetylated using an acetic anhydride-
pyridine mixture and the recovered acetylated samples were analysed by
FTIR using KBr pellets. Several experimental conditions were tested:

a) Reaction time and temperature;

b) Composition of the acetylation reagent;

c) Presence or not of a catalyst;

d) Drying process of the acetylated samples.
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Figure 1. Lignin structural model: (i) original sample and (ii) partially acetylated sample.
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3. Lignin recovery procedure

The acetylated lignin was recovered according to the procedure described by Glasser et
al. (1993). The recovered lignins were collected and dried: (i) at 60 °C until constant
weight and (ii) using freeze drying.

4. FTIR spectroscopy

KBr pellets were prepared with a lignin concentration of 1% (w/w) using a Specac
hydraulic press. Fifteen scans per spectrum were taken in the range from 4000 to 650
cm™' with a resolution of 4 cm'. A background spectra was systematically collected
before the acquisition of the sample spectra.

In order to correct for concentration fluctuations, the spetra were corrected acording to
the area of the band assigned at 1507 cm' (aromatic ring vibration) in the original
sample. This vibration was not affected by the acetylation procedure.

Results and Discussion

Experimental

1. Materials

Lignin was obtained from Meadwestvaco (lignin content of 97% w/w on dry
basis). Pyridine, acetic anhydride and imidazole were proanalysis grade
(purity over 99.5%). Imidazole was used as received. Pyridine and acetic
anhydride were dried over molecular sieves before using.

2. Acetylation procedure

Lignin acetylation was conducted as described in the international
standard method ISO 14900:2001 (E). Some modifications were introduced in
what concerns the composition of the acetylation reagent and temperature
of the reaction. The objective was to cover some of the acetylation
conditions published in the available literature and used for different
purposes (total hydroxyl determination, GPC and NMR analysis).

Table 1. Resume of the acetylation procedures.

Lignin | Catalyst | Acetylation Reagent Reaction Time ,
sample | o) (@) Acetic Acid: Pyridine | lemPperature (min) Dying

o1 | 15010 - 60

At 60 °C until
02 5010 . 120 constant weight
03 | 1.5000 - 180
04 | 15014 - 88:12 15
05 | 1.5013 3 30
06 | 1.5033 - Rl 45

reflux

07| 1.5004 : 60
08 | 15011 | 0.7999 88:12 60 )

Freeze drying
09 | 1.5002 | 0.8001 88:12 120
10 | 15011 | 0.8001 88:12 180
11 | 1.5000 - 80:20 60
12| 1.0009 - 50:50 goom 24 hours

Temperature

The major changes observed in the FTIR spectra (original vs acetylated sample) are:

a) Reduction of the hydroxyl (O-H) stretching band centred at 3434 cm-'. This reduction
is accompanied by the clear assignment of two bands (3640 and 3520 cm'');

b) Increase in the carbonyl (C=0) stretching region (appearance of two well defined
bands at 1737 and 1766 cm-');

c) Increase in carbon-hydrogen bending (C-H) at 1368 cm’;

d) Increase of absorbance in the region assigned between 1010 and 1360 cm! due to the
increase of C-H and C-O deformations in the forming -O-(C=0)-CH, group.
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Figure 2. FTIR spectra of a lignin sample: before Figure 3. Comparison between two acetylated samples
(initial sample) and after acetylation (sample 01). for a reaction time of 1 hour without (sample 01) and
with catalyst (sample 08).
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Figure 4. Effect of reaction time (1 to 3 hours) on the
acetylation yield of the lignin sample with catalyst.

Figure 5. Effect of reaction time (1 to 3 hours) on the
acetylation yield of the lignin sample without
catalyst.

The obtained results indicated that:

a) The acetylation reaction was incomplete for all the studied conditions. A residual
band, assigned to the OH stretching vibration (3410-3460 cm-'), was always observed;
b) Higher reaction times and the presence of catalyst did not increment the reaction

yield.
c)The maximum yield of the reaction was obtained for a reaction time of 1 hour
(presence or not of a catalyst).

Conclusions

The study presented here point out for incomplete lignin acetylation for all the studied
conditions, resulting in an unreliable total hydroxyl determination.

To overcome these difficulties, efforts should be made to optimize the process by
careful monitoring. In that way, the experimental procedure presented here could be
very helpful.
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