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Uncovering the Best Way to Turn Dull Wood Pulp

into Bright Paper

en making paper,
manufacturers tvpi-
cally use hydrogen

peroxide to bleach the pro-
cessed wood pulp, thus bright-
ening the final product. To
avold delignifying the pulp —
reducing the pulp vleld and de-
stroying the fibers that provide
strength — the industry uses
thermomechanical pulp, which
is steamed during processing,
and a bleach sharry that has a
pHof -11.

Pulp bleaching, however, can
be pricey; therefore, manufac-
turers are trying to reduce costs
by adding a higher-acidity first
stage of bleaching,

To determine what a two-
stage peroxide bleaching tech-
nigque should entail, investi-
gators led by Adam Wajciak
of Agricultural University of
Poznah and Marek Sikorski of
Adam Mickiewicz University,
both in Poznah, Poland, have
used several spectroscopic
techniques to track the strmc-
tural ehanges that occur in
thermomechanical pulp as it is
processed,

The group also Included re-
searchers representing Uni-
versidade do Algarve in Faro, Portu-
gal; Instituto Superior Técnico In
Lisbon, Portugal; and Jagiellonian
University in Krakow, Poland.

Using an x-ray photoelectron spec-
trometer made by VG Scientific ([now
part of Thermo Fisher Scientific Inc.),
the researchers examined changes
in the surface of the pulp fibers
canused by hydrogen peroxide after
treatment In alkaline and acidic
conditions. They confirmed that the
treatment uncovers the superficial
lignin molecules that act as chromao-
phores in the untreated pulp. Remov-
ing any chromophore increases over-
all brightness.

They performed time-resolved dif-
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peroxide, Courtesy of
Mickiewicz Universily, and Adam Wdjciak,

Researchers used multiple speciroscopic:
technigues to characterize alkaline and acidic
versions of bleaching wood pulp with hydrogen

Agricultural Universify of Poznan.

fuse refllectance laser flash photol-
ysis experiments using a 266-nm
Nd:YAG laser made by B.M. Indus-
tries [now part of Thales Group in
Orsay, France) for excitation and a
gated intensified CCD camera macde
by Oriel [now part of Newport Corp.
of Irvine, Calif.) for detection of the
resulting emissions,

This technique enabled the re-
searchers to elucidate the differ-
ences in the photochemical behav-
for of the treated and untreated
pulp. The recorded spectral shapes
from the two forms were nearly lden-
tical, showing that both maintained
the same transient chemical species,
but that the absorption spectra of

Marek Sikorski, Adam

the peroxide-treated samples
decaved much faster afler
laser excitation than did the
untreated samples.

The investigalors also de-
tected Fourier transform in-
frared [FTIR] specira, using a
spectrophotometer made by
Mattson (now also part of
Thermo Fisher Sclentific] that
scanned the range from 550
to 4000 em~! with a resolu-
tion of 2 cm-t In addition,
they acquired spectra using
a Fourier tranzsform Raman
device made by Blo-Rad Lab-
oratories Inc. of Hercules,
Calif., a nitrogen-cooled ger-
manium deteclor and a Spec-
tra-Physics Nd:YAG laser for
excitation at 1064 nm.

The latter technlques al-
lowed the seientists to judge
the influence of treatment
conditions on the lignin and
carbohydrate content of the
pulp. According to Wajclak,
FTIR Raman analysis con-
firmed the removal of the
pulp’s chromophoric strue-
tures related to coniferalde-
hyde, a lignin precursor that
15 the produet of Hgnin-degra-
dation reactions. “Identifica-
tHon and gquantification of conifer-
aldehyde end-units is important
irom the technological point of view,”
he =aid.

The researchers concluded that
using a two-stage approach to per-
oxide-based bleaching is benefieial
because the high-acid first stage pre-
pares the pulp fibers so that the al-
kaline second stage is more ‘effica-
clous than when an alkaline stage is
used exclusively,

They plan to continue refining
their knowledge of pulp-bleaching
processes, Including testing novel
bleaching reagenis under delignify-
ing conditlons and using other an-
alytical techniques such as nuclear
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Spectroscopy Focus

magnetic resonance: imaging and
maodel systems.

According to Wajciak and Sikor-
ki, wood pulp samples represent

complex chemical and physical
structures, and only the combined
application of a range of spectro-
scopic methods may produce mean-
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Researchers studied the interface between air and ice using two techniques
simultaneously. Ultraviclet laser beams enter through guartz windows, providing
the light for both glancing-angle Raman (355-nm excitation) and faser-induced
fluorescence (337-nm excitation) spectroscopy, A single detfector picks up both
sighals. Images couresy of Targ Kahan, University of Toronto.
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This image shows the Raman spectra of the OH-stretch band of & pure ice surface
{blug trace); the same lce surface after the deposition of gaseous HC! (green
trace); and the surface of a frozen 0.01-M aguecus NaCl solution (red frace).
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ingful research results. O
Lyjrine M. Scvcige
Jorimeal of Phypsicnl Chemistry A, Oct, 25,

2007, pp. 10530-10536,

learing up the atmospheric
‘ impact of salting roads and
sidewalks is one possible out-
come of recent research exploring

the quasiliquid layer found at the in-
terBice between air and lce. Another

‘possible outcome could be a better

understanding of the chemnistry in-
side high-altitude cirrus clouds,
which has important implications lor
atmospheric science,

Investigators from the University
of Toronto and [rom the University
of Bristol in the UK used glancing-
angle Raman and laser-induced
flucrescence spectroscopy Lo study
the air-ice interface and found evi-
dence of enhanced hydrogen bond-
ing of the surficial waler molecules.

Previous work by the group had
shown a dramatic dilference in the
photochemical degradalion rates,
and other scientists have reported
chemically strange behavior at the
Interface.

“We are trving to understand how
chemiziry differs at the ice surface
from that which takes place al the
liquid wateér surfdace or In agqueous
solution,” said D). James Donaldson,
professor of chemistry at the Uni-
versity of Toronto.

He added that, in the course of
such investigations, having a vari-
ety ol prebes to study what is hap-
pening is important, That is one rea-
son that they used both glancing-
Raman and laser-induced {luores-
cenee spectroscopy, nelther of which
had been used widely for such re-
search.,

Applying these methods was not
easy. Both Muorescence and Haman
seattering signals genierally are much
stronger from the bulk substrale
than [rom the surface. Several yvears
agno, the researchers began using
glancing-angle fluorescence to study
chemical reactions on water. They
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