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PHOTOACOUSTIC FOURLER TRANSFORM INFRARED SPECTROSCOPIC

STUDY OF MECHANICAL PULP BRIGHTENING

F.G.T. St-Cerwain and D.G. Gray

Pulp and Paper Research Institute of Canada and Department of
Chemistry, McGill University, Montreal, Quebec, Canada H3A 2A7

To D.A.I. Goring, with every good wish for a satis-
fying and productive “retirement”.

ABSTRACT

The technique of photoacoustic Fourier transform infrared
apectroscopy (FTIR-PAS) was applied to the study of wmechanical
pulp brightening with hydrogen peroxide. Intensities relative to
three {nternal standard peaks (3400, 1510 and 1056 cn—l) were usged
since the absolute photoacoustic signal intensities were not
reproducible. The i{aternal standard method yielded a reproduci-
bility of better than 51 and made Ii possible to observe signifi-
cant changes in the 1750-1600 ca™* region upon brighteaing with
peroxide. The peak intensities were found to decrease due to
alkaline deacetylation (1740 cn-l), T‘d to the net removal of
conjugated carbomyl structures (1650 cm™ ™).

INTRODUCTION
Studies in the area of wood chemistry are always made compli~
cated by the insolubility of the material. In the case of lignin,
this difficulty can be circumvented by the use of model compounds
or lignin ©preparations, and by solid-state characterization

me thods . In the case of mechanical pulp brightening, several
33
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studies using lignin model coupoundsl-a and on milled wood lignin

2,5-7

or other preparaticuns have been reported. Studies involving

the characterization of the lignin in the wood itself have been
fairly rares-u. In these studies ultraviolet, visible aad infra-
red spectroscopic methods were used. Infrared spectroscopy in
particular seems very appropriate to the study of mechanical pulp
brightening since {t can generate a great deal of structural
information about solid mterial#- The main disadvantage of the
technique lies in the need for sample preparation, either as a
thin sheet or as a potassium bromide pellet. However, recently,
the techniques of diffuse r:eflectam:e]'2 and photoacoustic detec-

13,14
3

tion which require no sample preparation, have been intro-

duced to the field of Fourier transform infrared (FTIR) spectro-
scopy.

Photoacoustic spectroscopy is a method ia which the sample
{s 1irradiated in a closed cell with intensity-modulated light.
The absorption of radiation causes the sample temperature to
{ncrease. Heat {s transferred from the sample surface to a
coupling gas present in the cell, causing the pressure to rise in
the cell. Since the incident light i{s wodulated, so i{s the pres-
sure variation which can be wmonitored by wmeans of a sensitive
microphone. The theoretical aspects of photoacoustic spectroecopy
(PAS) are described by Rooenauigls-m and recent applications of
PAS {n conjunction with FTIR are described in a few

13,14,17

reviews
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The photoacoustic technique has recently been employed in the
study of lignocellulosics. Gould studied the ultraviolet and
visible photoacoustic spectra of llgniula, wvhile Harbour et al.
uged the techunique in the UV, visible, near- and mid-infrared
reglons, for cellulose, paper and wood saupleslg. Photoacoustic
FTIR measurements on bleached kraft paper have been reported, with
particular emphasis on the effect of surface area on signal
1ntenslty2°.

The main drawback of the photoacoustic technique {s that the
absolute peak intensities are not readily quantified. However,
the technique has been used successfully for the quantitative
analysis of a mixture of isotopically different potassium nitrate
samples, using peak ratios instead of absolute peak 1ntensi:1e921.
The aim of the present paper is to show that the method of pesk

ratioe in FTIR-PAS can be used to detect the chemical changes that

ocaur during mechanical pulp brightening.
EXPERIMENTAL

Pulp Preparation

Chips of black spruce wood (picea mariana) were refined in a
Bauer 187 atmospheric discharge double disk (60 cm diameter)
refiner at the Abitibi-Price Research Centre in Mississauga,
Ontario. The pulp was Soxhlet—extracted with acetone (24 hours),
dried, chelated (2% consisteacy, 0.52 EDTA on pulp), and Soxhlet-

extracted with water (14 hours).
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Pulp Brightening

Brightening was carried out at 122 consistency with a 2.52
charge of hydrogen peroxide, 52 41° B& sodium silicate, 2X sodium
hydroxide and 0.052 magnesium sulphate. The pulp was mixed with
the bleaching solution and placed in a water bath at 50°C for 3
hours. The pulp was then taken out and the consisteancy was
lowered to 0.62. The pH of the resulting slurry was ad justed to
5.5 by addition of 102 sodium bisulphite solution. The pulp was
then filtered, washed, and dried in a vacuum oven at 45°C. 1In all
cagses a blank experiment was run under the same conditions using
pulp and a liquor identical to the brighteaning one except for the

absence of peroxide.

Sodium Hydroxide Pretreatment

Some of the pulp was treated with a basic solution prior to
brightening. The pretreatment liquor was identical to that used
for the brightening except that no hydrogen peroxide was present.
The pretreatment was carried out for 6 hours under the same condi-

tions of temperature and consistency as the brighteaning process.

Sample Preparation
Although good quality spectra were readily obtained on pulp

sheets, it was found that grinding the pulp in a Wiley mill (60—
mesh gscreen) had a beuneficial effect on the signal-to-noise ratio
of the resulting FTIR-PAS spectra. After grinding, the samples

were dried a second time in a vacuum oven at 45°C.
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Spectroscopic Measurements

A Mattson Cygnus 25 FTIR spectrometer with an EG&G Princeton
Applied Research Model 6003 photoacoustic cell was employed. The
sample holder had a 5 mam diameter and was 1 ma deep. The output
fram the cell was fed to an EG&G Princeton Applied Research Model
6005 preamplifier and thence to the detector input of the spectro-
meter.

Photoacoustic FTIR spectra were obtained by averaging 100
scans at a regsolution of 8 cm-]' (measurenment time of 4 mioutes).
The {nterferaaeter mirror velocity was 0.084 cm/sec. A double-~
sided {nterferogram aod a triangular apodization function were
used to generate the spectra. The latter were ratioed to a back-
ground spectrum of carbon black (Fisher Norit A) obtained at the
same ingtrumental settings. Baseline correction was carried out
with the routine provided in the instrument software. To obtain
more reproducible results the baseline correction program was
applied twice to each spectrum. For each sample, spectra of ten
different aliquots were recorded and then baseline corrected so
that the data could be averaged and the amount of scatter could be

estimated.

RESULTS AND DISCUSSION

Photoacoustic FTIR spectra of the untreated pulp are shown in
Figures 1 (original spectrum) and 2 (baseline corrected). For
comparison, a coaoventional transmission spectrum is showan in

Figure 3. The sgame peaks appear in both the photoacoustic and



13: 25 25 January 2011

Downl oaded At:

38 ST-GERMAIN AND GRAY

1
> 075
@
z
Wi
2 050
[¥9]
>
-
< 0.25
Wl
[+ 4
o A A
4000 3000 2000 1000

WAVENUMBERS / cm-!

Figure 1. FTIR photoacoustic spectrum of refiner mechanical pulp
(normalized to the highest peak.)

transaission spectra, although their relative intensities do
differ. This {s not upexpected since, unlike the transmission
intensity, the photoacoustic signal intensity depends on the modu-
lation frequency of the ionfrared radiation, according to the

Rosencwaig—-Gersho theoty22 and, in PTIR, each wavelength is

modulated at a different ftequeucyu‘.

It was found that the absolute peak intensities of photo-
acoustic spectra were not very reproducible for spectra of dif-
ferent aliquots of the same material. The wain reason for this
lies in the difficulty in packing the cell reproducibly, since the
signal 1s sensitive to the surface areazo, and a densely packed

sample gives a lower signal than a loosely packed one. To circum

vent this problem three internal standard peaks were used to
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Figure 2. Baseline corrected FTIR photoacoustic spectrum of the refiner
mechanical pulp in the region from 1800 to 750 em~1l (normalized
to the highest peak).

obtain relative intensities: the peak at 1056 cn_l assigned to

C-0 stretching vibratiom23, the broad peak centered around 3400

1

cm lcottcuponding to O-H stretchingzl., and the peak at 1510 cm
ascribed to an aramatic skeletal vibrationzl’. The first two peaks
were chosen because they are strong and represeant groups that are
common in both the lignin aad the carbohydrates. Since these
groups are plentiful it seemed unlikely that they would be subject
to drastic depletion upon brightening. The peak at 1510 cn-l was
chosen because {t 1s a pure lignin vibration and is well-defined

in the spectra. The precision of the method was estimated by

repeating measurements on ten different aliquots of each sample



13: 25 25 January 2011

Downl oaded At:

40 ST-GERMAIN AND GRAY

1
0.75

w
2
= 0.50
s <
(]
3
< 0.25

0 ¢t . A A

4000 3000 2000 1000
WAVENUMBERS / cm™!
Figure 3. FTIR transmission spectrum of refiner mechanical pulp in a

potassium bromide pellet (normalized to the highest peak).

and the use of t-test statisticszs. If no baseline correction was

used, the reproducibility of the relative intemsities was found to
be around 102, while 1f the speccré were baseline corrected as
shown in Pigure 2, it was better than 5. The baseline correction
method made it possible to remove the effect of coherent back-
ground noise {a the cell. It 13 very difficult to kanow exactly
where the baseline actually is, but the fact that all the spectra
were similar in shape, and were corrected in the gsame manner may
explain the better reproducibility obtained upon baseline correc~
tion.

Onextracted pulp was used in the first set of experiments but

the dissolution of extractives in the brightening liquor led to
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changes in the infrared spectra that were difficult to interpret
in terms of the brightening action aloue. Even pulp that had beea
both acetone~ and water— extracted showed significant changes
throughout the spectra on treatment with alkali. For this reason
it was important to have good blank samples obtained under iden-~
tical conditions without the addition of brightening agent. As

will be seen below, the alkali in the peroxide bleaching liquor

TABLE 1

Brightness Values of the Pulp Samples

Sample Brightness
Elrepho, 2
Untreated pulp 58
Blank(?) . 56
Peroxide brightened 70
Pretreated pulp(b) 55
Pretreated blank(S’ 53
Pretreated peroxide brightened 68

(a) Blank refers to pulp treated with liquor containing no pero~
xide, under bleaching couditions (3 hours).

(b) Pretreated refers to pulp that was treated for 6 hours with
liquor containing no peroxide, under bleaching conditions.

(c)

Pretreated blank refers to pulp treated as in (b) then
treated as in (a).
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caused substantial changes in the IR spectra, independent of the
peroxide. For this reason, a sample of the extracted pulp was
pretreated for six hours with alkall under bleaching conditions
with no peroxide present to try and isolate the changes due to
alkall from those due to the brightening process.

The effects of the treatments on pulp brightness are shown in
Table 1. The blank treated with bleaching liquor but no peroxide

showed a 2-point drop in brightness; a moderate gain in
brightness was observed with peroxide. Even after a 6-hour pre-
treatment with base, which darkened the pulp substantially, a
further 2-point drop {in brightness was observed when a blank
bleaching treatment was performed. The brightness gain on pero~
xide-bleaching this pretreated pulp was the same as for the
untreated pulp, but the f{nal brightness was, of course, much
lower.

Table 2 shows the percent change in the relative intensities
of the IR bands between the peroxide trested sample and the cor-
responding blank. The intensity changes are shown relative to the
three peaks used as internal standards. The scatter in values
within each row indicates the precision of the measurements.
Interpretation of the changes in intensities {s not straightfor—
ward and the following interpretation of the chemical changes in
the fibre is tentative. The largest change was found at 1650 cu-l
which corresponds to the C=0 stretch of various coojugated car-
bonyl groups such as a-carbouyls, a,8-unsaturated aldehydes, and

various quinones6. This decrease was i{n line with the results of
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TABLE 2

Percent Change in Relative Intengities Between
Peroxide Brightened Pulp and Blank.

Percentage change in relative intensities

Peak position A“/A1056 AV/A”L0 AV/A3300
v (cn-l)

1740 +1 -1 + 1

1650 -8 -10 -8

1600 -5 -6 -4

1510 + 1 -— 2

10 11
studies on grouadwood =, thermomwechanical pulp ', and on milled
wood and enzymatically isolated lignins6’7.
1

A significant decrease was also seen in the 1600 cm peak
which corresponds to an aromatic skeletal vibration, but not in
the 1510 cu—l peak which is also due to an aromatic vibration.
However, the peak at 1600 cn-l is known to be intensified by the
presence of a-carbonyl grou9326 and, in addition, carboxylate
groups are known to absorb in this regica. Pollin and Rapsonlo
and Bezich et al.u found slight increases in this peak for TMP
brightening. However, in the present study, if the spectrum of

the brightened pulp was compared to that of the original pulp
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instead of to that of the blank sample, an increase in the 1600
cn_l peak was found. 1In this case, though, a large decrease was
also observed fin the 1740 cn-l peak, which could be assigned to
deacetylation of hemicelluloselo due to the alkalinity of the
medium and not to the oxidative properties of the peroxide.
Deacetylation or hydrolysis would also lead to the formatfon of
carboxylate groups in the strongly alkaline medium, thus causing
an increase in the 1600 cn-l band. Compariang the brightened
sample with the blank, no significant change was fouand in the 1740
cn-l band (because deacetylation occurred in both cases) and the
1600 cm_l peak also showed no increase. In fact, the 1600 cm-l
peak showed a decrease that {s probably due to a decrease in
a-carboanyl content.

Previous work on lignin model compounds and wmilled wood
lignin has shown that aromatic rings are attacked by peroxide,
leading to the formation of quinone groups3’5. Quinone formation
should lead to a decrease in the peak at 1510 cm_l, corresponding
to the aromatic skeletal C=C vibration. However, in the present
study, the peak at 1510 cn-l was found to be fnvariant, within
experimental error. This was also reported in work by Pol%in
and Rapsonlo who presented additional ultravioclet-visible data
showing no significant decrease in the aromaticity of the pulp.

Quinone formation should have other effects. The peak at
1650 cn-l, should increase due to the quinone C=0 stretching
vibration, coantrary to the observed behaviour. For the peak at

1600 cn—l, the situation is wore complicated: a decrease {in
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aramaticity should lower {ts intensity, while the formation of
quinone C=C bounds should have the opposite effect. Since no
decrease was observed for the 1510 cn-]' peak, it is most likely
that changes in the 1600 cn-l absorption are not due to changes
in aromaticity.

Although we have no evidence for quinone formation, it cannot
be excluded. Infrared spectroscopy of pulp is not specific enough
for quinones; the associated vibrations appear together with other
bands (e.g. other conjugated carboayls at 1650 cn-l, and aromatic

double bonds at 1600 cm-l

). Also relevant {s the observation by
Spittler and Dence5 that the small amount of liganin that is solu~
bilized during the bleaching process is extensively oxidized, but
the insoluble fracti{on shows no significant decrease in aroma-
ticicty.

Table 3 shows the percent change of the relative {ntensities
of the IR peaks with respect to the pretreated pulp. Data are
presented for the peroxide brightened pretreated pulp, and also
pretreated pulp treated under the gdame couditions as the
brightened one but without the additfon of peroxide (pretreated
blank). The largest change was a decrease in the 1740 (:11—1 peak
due to deacetylation. The peroxide—treated sample showed a some-
what greater change in this region, perhaps due to the greater
alkalinity afforded by the presence of the perhydroxyl aniom. A
noticeable decrease in the aromatic peak at 1510 cn—l wvas found,

indicating that a swmall quantity of lignin was dissolved in both

processes. The amount was very similar in both cases. This
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TABLE 3

Percent Change in Relative Intensities for Pretreated
Blank and Pretreated Peroxide Brightened Pulp with
Respect to the Original Pretreated Pulp.

Percentage change i{n relative intensities

Peak positioun Blank (3) Peroxtde ‘P’
v 1Y) A A A A A A
v \') Vv v v v
Alose  *1510  “3300 Alose 1510 23300
1740 -42 =35 -42 -51  -43 -47
1650 + 2 + 9 o+ 2 -9 0 -5
1600 -7 o - 7 - 4  + 4 0
1510 - 7 - -7 -9 -— =5

(a)
(b)

Difference between pretreated blank and pretreated pulp.

Difference between pretreated peroxide brightened pulp and
pretreated pulp.

change made the intensity data relative to the 1510 mn-1 intensity
invalid. This {s a good illustration of the need to use more than
one internal standard peak. The peak at 1650 cn-l showed a
decrease upon peroxide brighteaning, corresponding to the removal
of conjugated carbonyl chromophores, and a very slight increase
upon treatment with the blank liquor.

Table 4 shows the percent change of the relative intensities

of the baunds between the pretreated brightened pulp and the pre-
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TABLE 4

Percent Change in Relative Intensities between Pretreated
Peroxide Brightened Pulp and Pretreated Blank.

Percent change in relative f{ntensities

Peak position Av/A1056 A"/Aln0 Av/A3300
v (c.n-l)
1742 -10 -8 -6
1650 ~-11 -9 -7
1600 + 3 + 4 + 6
1510 -2 - +2

treated blank. In this case no significant change was found in
the aromatic peak at 1510 cn-l, since lignin was dissolved to the
same extent {n both the brightening and blank liquors. The change
in the band at 1650 cm-l due to conjugated carboayls was found to
be very similar to the one shown in Table 2 for the pulp that had
not been pretreated. This correlates well with cthe similar

brightness increase values obtained for the two sets of pulp. The

acetyl and ester band at 1740 cn-l showed a significaat decrease
for the pretreated peroxide brightened pulp with respect to the
corresponding blank. This, together with the fact that the aroma-
tic (and carboxylate) peak at 1600 cn-lshoved a slight increase in

intensity, indicated that the expected decrease due to the removal
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of a~carbonyl groups was masked by the formation of carboxylate

groups from deacetylation.

CONCLUSION

The technique of FTIR-PAS was shown to be useful in the study
of mechanical pulp brightening. With baseline correction and
the use of three differeant internal standard peaks (3400, 1510 and
1056 cn-l), a reproducibility of better than 5% was achieved. The
wmain changes observed in the spectra upon brightening were found
ina the carbonyl region. A net decrease in conjugated carbonyl
groups was found in all cases. The main advantage of the tech-

nique is that it does not require any sample preparatfion.

ACKNOWLEDGEMENTS

F. St—Germain wishes to thark the Natural Sciences and
Engineering Research Council of Canada for a post graduate scho-
larship. Thanks are due to Messrs. E. Read and J. Dagg, and to
Dr. P. Whiting, from the Abitibi-Price Research Centre (Missi-
ssauga, Ontario, Canada), for their assistance in the preparation

of the refiner mechanical pulp.

REFERENCES
1. R.H. Reeves and I.A. Pearl, Tappi, 48(2), 121 (1965).
2. C.W. Bailey and C.W. Dence, Tappi, 52(3), 491 (1969},

3. J. Gierer and F. Imsgard, Svensk Papperstidn., 80(16), 510
(1977).



13: 25 25 January 2011

Downl oaded At:

FTIR-PAS STUDY OF MECHANICAL PULP BRIGHTENING 49

4.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

G. Gellerstedt, H.~L. Hardell and E.-L. Lindfors, Acta Chem.
Scand., B34, 669 (1980).

T.D. Spittler and C.W. Dence, Svensk Papperstidn., 80(9), 275
(1977). -

B. Bezich, Pap{r a Celuldza, 38(1l), V69 (1983).

M. FiSerovd, J. Pol&n and L. Sut¥, Papfr a Celuldza, 36(2),
V10 (1981).

R.A. Fleury and W.H. Rapson, Pulp Paper Mag. Can., 69(6),
T=154 (1968).

J. Poléin and W.H. Rapson, Pulp Paper Mag. Can., 72(3), T-103
(1971).

J. Poléin and W.H. Rapson, Pulp Paper Mag. Can.', 72(3), T-114
(1971).

B. Bezich and M. Masarykova, Papfr a Celuldza, 39(4), V32
(1984).

K. Krishnaan and J.R. Ferraro, in "Fourier Transform Infrared
Spectroscopy”™, edited by J.R. Ferraro and L.J. Basile, Vol.
3, Chap. 5, Academic Press, New York, 1979.

D.W. Vidrine, in "Fourier Transform Infrared Spectroscopy”,
edited by J.R. Ferraro and L.J. Basile, Vol. 3, Chap. 4,
Academic Press, New York, 1979.

J.A. Graham, W.M. Grim III and W.G. Fateley, in “Fourier
Transform Infrared Spectroscopy”, edited by J.R. Ferraro aand
L.J. Basi{le, Vol. 4, Chap. 9, Academic Press, New York,
1985.

A. Rosencwalg and A. Gersho, Science, 190, 556 (1975).

A. Rosencwaig, “Photoacoustics and Phoroacoustic Spectro—
scopy”, John Wiley and Sous, New York, 1980.

K. Krishnan, Appl. Spectrosc., 35 545 (198l).
J.M. Gould, Plant Physiol., 70(5), 1521-1525 (1982).

J.R. Harbour, M.A. Hopper, R.H. Marchessault, C.J. Dobbin and
E. Anczurowski, J. Pulp Paper Sci., 11(2), J42 (1985).

N. Gurnagul, F.G.T. St-Germain and D.G. Gray, J. Pulp Paper
Sei., 12(5), J156 (1986).

M.G. Rockley, D.M. Davis and H.H. Richardson, Appl.
Spectrosc., 35(2), 185 (1981).



13: 25 25 January 2011

Downl oaded At:

50

22.

23.

24,

25.

26.

ST-GERMAIN AND GRAY

A. Rosencwaig and A. Gersho, J. Appl. Phys., 47, 64 (1976).

C.Y. Liang, K.H. Bassett, E.A. McGinnes and R.H.
Marchessault, Tappi, i_.‘i, 1017 (1960).

H.H. Hergert, 1in "Lignins®, edited by K.V. Sarkanen and
C.H. Ludwig, p. 273, John Wiley and Sons, New York, 1971.

D.A. Skoog and D.M. West, “Fundamentals of Analytical
Chemistry”, 3rd ed. p. 64, Holt, Rinehart and Winston, New
York, 1976.

K.v. Sarkanen, H.-M. Chang and B. Ericsson, Tappi,, 350(ll),
572 (1967).



