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ABSTRACT

Benefits of energy savings and improved pulp properties are to be realized by substituting biomechanical pulps for
normal pulps. However, because a biopulp is darker it requires additional bleaching to attain a specific brightness
level. The cause of biopulp darkening remains not well understood. In the present study, UV/Vis, Raman, and IR
spectroscopies were used to study the darkening phenomenon. The results indicated that quinones (both o- and p-)
were produced when wood chips were treated with the fungus. This was also the case, when fungus-treated wood
chips were refined at higher steaming pressures (up to 85 psi). For a given pressure, compared to control pulps,
treated pulps were darker due to the fact that their quinone content was higher. Within the set of biopulps, produced
at various steaming pressures, higher-pressure-pulps were darker and contained more quinones.

INTRODUCTION

The two important benefits of biomechanical pulping, wherein wood chips undergo fungal treatment prior to
pulping, are energy savings (3040%) and improved paper strength properties [1]. Although the benefits of
biomechanical pulping are significant, the process produces pulps that have lower brightness compared to normally
produced pulps (2- 15 brightness points loss depending upon wood species) [1, 2]. To attain brightness level similar
to that of an untreated bleached mechanical pulp, a biomechanical pulp requires additional bleaching which adds to
the overall cost of pulp production. Much remains unknown about the cause of the brightness loss and about the
chemical process that is responsible for it. Research is needed not only to better understand the problem but also to
make progress towards finding a solution.

Darkening behavior of biomechanical pulps was investigated using UV/Vis, Raman, and IR spectroscopies. These
techniques were selected because the methods lend themselves to in situ analysis of the samples. Additionally, it is
known that UV/Vis and Raman techniques are quite sensitive in the study of chromophores [3].

EXPERIMENTAL

Spruce wood chips were treated for 2 weeks with Ceriporiopsis subvermispora. Treated chips were refined at
various pressures (0, 50, 70, and 85). Control pulps were produced only at 50, 70, and 85 psi because it was
expected that at 0 psi the brightness would be same as of other control pulps and untreated wood (about 56%).

ISO brightness was measured (Technibrite model TB-1) for all the pulps (made from white spruce) that were
produced.

Diffuse reflectance UV/Vis spectra of biopulp handsheets were obtained using a Hitachi U3010 spectrophotometer.
This instrument is equipped with a 150 mm BaSO, integrating sphere. Measurements were made with respect to the
BaSO, as a reference. Loss of reflectance (D R) was obtained by simply subtracting one spectrum from another.

Near-IR FT-Raman spectra of the wood or pulp samples and their methanol extracts were obtained using a Bruker
RFS 100 instrument. A 1000 mW 1064 nm Nd:YAG diode laser was used for sample excitation. While sampling
pulps, a front surface mirror was used behind the samples to enhance the Raman signal. The methanol extracted
materials were sampled in an ““Aluminum Well” (a sampling device). Laser power used for sample excitation was
between 330 and 660 mW, and, depending upon the signal-to-noise ratio, either 600, 1200, or 1800 scans were
accumulated.



IR spectroscopy was also used to get further information on the nature of chemical changes that occurred upon
fungal treatment and as a result of refining at different pressures (for both control and treated pulps). Samples that
consisted ofboth wood or pulp and methanol extracted material were analyzed using Mattson's Galaxy 5000
spectrometer. Whereas wood and pulp samples were studied directly in the diffuse reflectance mode, extracted
materials were sampled as a KBr pellet.

RESULTS AND DISCUSSION
Fungus Caused Changes in Wood

It is generally recognized that bright woods become darker upon fungal treatment. This was also the case with white
spruce although no brightness data was obtained.

Raman spectra obtained from the treated and untreated white spruce are shown in Fig. 1.
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Fig.1 FT-Raman spectra of untreated (less-dark dashed line) and fungus treated (dark continuous line) white
spruce woods. Higher background and changes around the 1500-1800 cm* region were due to fungus treatment. a.u.
means arbitrary units.

The fluorescence background underlying the spectrum ofthe fungus treated sample was higher indicating that the
sample had a higher concentration of chromophores. When spectra were normalized using the 1098 cm- band (used
as an internal reference) and compared, the most prominent differences were detected in the 1500—-1800cm- region
(Fig. 2). Specifically, the differences consisted ofa slight shift to lower wavenumber ofthe 1600 cm- band, an
increase in intensity around 1550 cm, decline ofthe 1654 cm- band, and Raman intensity enhancement in the
1665-1690cm- region. Although the reason for the 1600 cm band shift is not clear, the intensity enhancements in
the 1550 and 1665—1690cm- regions of the spectrum can be assigned to, respectively, o- and p-quinones. Previous
research [4] has identified the regions where quinone structures contribute in the FT-Raman spectra of
lignocellulosics. Lastly, the decline at 1654 cm is likely to be associated with the destruction/modification of
coniferyl alcohol structures in wood-lignin. Previously, 1654 cm- band intensity has been shown to be mostly due to
aromatic ring conjugated C=C bonds in coniferyl alcohol structures [5].
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Fig. 2 The spectra of Fig. 1 plotted in the 850-1850 cm? region to better visualize the changes that occurred upon
fungal treatment. The spectra are normalized on 1098 cm* band. Legend same as in Fig, 1

The above indication that quinones are produced in white spruce upon fungal treatment is further supported by the
Raman spectrum ofthe material that was extracted (using methanol) from the treated wood (Fig. 3). Although some
material could be extracted from the untreated spruce, the amount was much greater for the fungus treated wood.
The latter seems to be due to the likelihood that fungus degraded lignin was solubilized by methanol. Because the
wood was not pre-extracted, the untreated-wood-extracted-material is expected to be composed of extractives that
were soluble in methanol. Therefore, Raman spectrum of this material would represent the extractives that were
present in wood. Compared to the Raman spectrum of untreated-wood-material, spectrum of the fungus-treated-
wood-material had weak broadening around 1550 cm- and a strong shoulder at 1670 cm- (Fig. 3). These aspects of
the spectrum are likely to represent changes in lignin upon fungus treatment. As pointed out above, 1550 and 1670
cm are the spectral regions where Raman contributions of quinones are detected.

From the diffuse reflectance IR spectra ofwoods (spectra not shown), fungus induced changes could not be
discerned and therefore, the methanol extracted materials were analyzed (Fig. 4). From the spectrum of the treated
wood material it can be observed that it has an additional band at 1637 cm-. This feature is likely to be due to p-
quinone structures. An IR band about 1640 cm- has previously been seen due to p-quinines [6], Rest ofthe
spectrum had features that were similar between the two extracted materials. Although extracted material from the
treated wood is expected to contain lignin in addition to extractives, the spectra resemble each other very well.
That's not unusual given the fact that the substructures of lignin have components that resemble molecular structure
of extractives.
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Fig. 3 Raman spectra of methanol-extracted materials from wood; top — fungus treated, bottom — untreated. In the
top spectrum, o-quinones contribution at 1550 cm* and p-quinones contribution at 1670 cm* were detected.
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Fig. 4 IR spectra of methanol-extracted-materials from wood; top (solid dark line) — fungus treated, bottom —
untreated. The extra band in the treated case is likely to be due to p-quinones.



Steaming Pressure Induced Changes — Control Pulps

The 1SO brightness of control pulps and biopulps are shown in Table 1. It is obvious that for control pulps no
significant darkening occurred as a result of higher pressure (50, 70 and 85 psi pulps had similar brightness).

Table I: 1SO Brightness of Pulps

Pressure, psi I Fungus treated, % Control, %

0 39.9 Not done (about 56)
50 322 56.0

70 313 57.0

85 27.8 56.0

Diffuse reflectance UV/Vis spectrum was obtained on the handsheets made from these pulps. The difference in

reflectance (A reflectance) plots are shown in Fig. 5. It can be noted that only small differences existed between the
reflectance spectra ofthe control pulps. Moreover, at 457 nm, where 1SO brightness is measured, the reflectance
differences were close to zero. The latter observation supported the brightness data in Table I.
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Fig. 5 Difference in the reflectance of the control pulps; the differences are small, and at 457 nm where brightness
was measured (Table 1), the differences are close to zero.

Raman spectra were obtained to detect chemical changes that were related to steaming pressure differences.
Although spectra are not shown here, for the 3 control pulps, no significant differences were detected. This was also

the case for the underlying backgrounds. This clearly indicated that the control pulps were chemically very similar
and the any existing differences among pulp properties are likely to be physical.



Because more informative IR spectra were obtained from the extracted-material than by direct sampling the wood,
for control pulps, only the extracted materials were analyzed. The spectra of the materials extracted from the 50 and
70 psi control pulps were similar whereas the spectrum ofthe 85 psi pulp material was somewhat different (Fig. 6).

Specially, in the latter, the bands at 1604 and 1734 cm- had different shapes and widths. The reasons for this are
presently not known.
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Fig. 6 IR spectra of methanol-extracted-materials from control pulps; only spectrum for the 85 psi pulp material
(less dark continuous line) was somewhat different.

Steaming Pressure Induced Changes — Biopulps

From Table I, it can be seen that in the pulping of fungus-treated-woods-chips steaming pressure is an important
consideration because higher pressure resulted in significantly darker pulps. This observation is further supported
by the UV/Vis spectra ofthese pulps where, compared to 0 psi pulp, 50, 70, and 85 psi refined biopulps showed
significant absorption between 400 and 800 nm (Fig. 7). Although absorption changed non-uniformly in this region
as steaming pressure increased, most absorption was in the region where quinones (both o- and p-) are known to

absorb [7]. It can therefore be argued that the absorption changes detected as function of pressure are due to
decrease or increase in the concentration ofvarious quinones.

Raman spectra ofbiopulps produced at 0, 50, 70, and 85 psi steaming pressure indicated that spectral fluorescence
background increased with the pressure (Fig. 8). The latter is an indication ofthe increase in concentration of

chromophore. Moreover, Raman region around 1670 cm indicated that the pressure increase resulted in additional
contribution of p-quinones.
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Fig. 7 Refining pressure induced changes in the reflectance spectrum of biopulp; data is platted after subtracting
the reflectance of the O psi biopulp. The results suggest that changes in both the o- and p-quinones absorptions were
taking place.
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Fig. 8 FT-Raman spectra of biopulps; top to bottom — 85, 70, 50 and 0 psi. Fluorescence background, underlying
the spectra (low wavenumber side), increased with the increase in steaming pressure.



Methanol extracts of the 4 biopulps were obtained and the extracted-materials were studied using Raman
spectroscopy (Fig. 9). The most noticeable difference was detected in the p-quinone region where it was found that
the O psi biopulp-material had the strongest contribution. This contribution-order was followed by the 70 and 85 psi
pulp-materials. Within this set of 4 pulp-materials, the least amount of p-quinones were present in the 50 psi pulp-
material. There did not seem to be much difference in the o-quinone region.
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Fig. 9 Raman spectra of materials extracted from different pressure biopulps; top to bottom - 85, 70, 50, and 0
psi. The 1665-1690 cm+* spectral region indicated that different steaming pressure produced different amount of p-

quinones in pulps.

Of the 4 IR absorbance spectra of biopulp-extracted-materials, the 50 psi pulp-material gave a spectrum that was
somewhat different (Fig. 10). In the latter, the 1740 cm+ band was not as strong. Also, 1610 and/or 1640 cm* band
was considerably stronger than its intensity in the spectra of 0, 70, and 85 psi biopulp-extracted-materials.
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Fig. 10 IR spectra of biopulp extracted materials; except for the 50 psi case (dashed line) where 1740 cm+ band
was significantly weaker other spectra resembled each other very well.

Control Pulps vs. Biopulps

From the brightness data of treated pulps, it is clear that at all steaming pressures, biopulps were darker than the
same pressure control pulps. Indeed, as discussed above, the pressure was detrimental only to the brightness of
biopulps — control pulps had the same brightness irrespective ofthe steaming pressure (Table I). From Table I,
treated pulps refined at 0, 50, 70, and 85 psi steaming pressure had brightness, respectively, 0f39.9%, 32.2%,
31.3%, and 27.8%. All these values are lower compared to the control pulp brightness of about 56% (for all
steaming pressures). This indicated that in addition to having lower brightness (compared to control) at 0 psi, the
treated wood lost additional brightness during refining at higher steaming pressure.

Difference diffise-reflectance UV/Vis spectra obtained after subtraction of corresponding control-pulp spectrum
(Fig. 11) indicated that, compared to controls, biopulps absorbed strongly between 400 and 800 nm. In addition,
such difference spectra were quite similar to each other for the 70 and 85 psi biopulps and differed significantly
from the spectrum of the 50 psi biopulp. This characteristic of the 50 psi biopulp is similar to the situation above
where its IR spectrum was found to have important differences as well (Fig. 10).

When Raman spectra were compared, the underlying background was found to be very significantly enhanced for
biopulps. This was taken as evidence of more colored species being present in biopulps. Beyond that, 4 key
observations that were noted from the spectra of fungus-treated and untreated woods (above section, Fungus Caused
Changes in Wood) were also made. The Raman spectra of 85 psi control pulp and biopulp are compared in Fig. 12.
In addition, spectra ofthe materials that were obtained from these two pulps are compared (Fig. 13).
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Fig. 11 Difference in the reflectance of the control pulps and biopulps (at the same steaming pressure); For the
most part, higher pressure meant more reflectance loss or lower biopulp reflectance. The loss curve for the 50 psi
pulp (most dark dashed line) showed differences in the 600-800 nm region that were not as prominent in the 70 and
85 psi pulps.
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Fig. 12 FT-Raman spectra of 85 psi bhiopulp (top) and 85 psi control pulp (bottom). The biopulp spectrum has
significantly higher background implying that higher amount of chromophores were present.
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Fig. 13 FT-Raman spectra of extracted materials; 85 psi biopulp (less dark dashed line) and 85 psi control pulp
(dark line). The contribution of p-quinones in the spectrum of biopulp extracted material can be easily seen in the
region 1665-1690 cm-.

IR spectra were obtained ofthe materials that were extracted from the control pulps and biopulps. Except for the 50
psi pulp materials spectra (Fig. 6), there does not seem to be any great difference between the two sets (Fig. 6 and
10). This may be because, between the control pulps and biopulps, most chemical difference is due to chromophoric
content for which IR spectroscopy is not very sensitive.

CONCLUSIONS

Findings of the present work are that fungus treated wood and biopulps loose brightness (become darker) because,
compared to controls, such wood and pulps have more quinones (both o- and p-). Although, among biopulps
produced at different steaming pressures, some difference in the amounts of quinones seems to be present, in
general, higher pressure meant more quinones. For the biopulps investigated, it was found that compared to O psi
biopulp, 50, 70, and 85 psi biopulps had significantly more quinones.
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