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This paper reports the resulis of an investigation on the use of oscillaiory
baffled colimn as a miver for pulp Meaching, Unbleached hardwood kraft
wulp was bleached vaing hudrogen peroxide. Varlables studied were osciflation
freguency, oscillation amplitude, and pulp C(;l‘iﬁi‘;’{é?}"li“’g,’ The mixing process

wars achigved by os

was cuantified using mining index.

reproved with oseill

consistency
hisaching.

The results showed that mix
fation freguency and amplitude, bt decreased with pulp
This wpical device is very promising as a mixsr for pulp
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INTHRODUDGCTICN

Mizing of chemicals and pulp Is one of the maost

impottant operations involved in pulp bleaching.
Efficiant mixing provides homogeneous bleaching
conditions, reduces consumpiion of chemicals and
energy, improves protuct quality, and reduces the
envivenmental load. When mixing is notuniform,
some region of the pulp receive chemicals in excpss
of those required, some of which s consumed in
less desirable side reactions, Other regions recetve
musutficient chemicals and are not adeguately
bleached. The net effect s that additional chemical
is required to obtaln a desired degree of bleaching,
greed pulp of less than optimal strength is produced
{(Torvegrosss, 1983, Various types of mixers have
heen used over the vears to achieve these
obiectives such as stivred tanks and static mixers.
The existing technology in stirred tarks suffers from
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pulp degradation or damage by the shearing
action of the impelier. While in a stalic mixer high
flow rate of pulp suspension is requived fo achieve
good miving, which implies high energy
cormurnption, Oscillatory baffled columns have
been reported in numerous publications as a very
promissing way to ;mgsmw mixing in columns
{Hewgill et al., 1993, Mackiay, 1987, 1991} The
racHal v&i&cazg componant & comparable to the
axvial velpcity component enhancing mixing in
hoth sxial and vadind divections (Boneld ¢ al|
1989, Dickens, 1989).
The use of oscillatory baffled columns as
blorenciors amﬁ. nodymerization reactors have been
studied by several researchers {Harison and
Mackley, 1992 Ni et al., 1998} Its application as
a mixer for pulp bleaching has not been
investigated until now. Thevefore, the objectives
of this paper were o study the potential of baftled
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column cormbined with oscillatory Jow as & mixer
for pulp bleaching, and to examine the bleached
ol cnaadiby.

TRHRORY
Charactevistios of @’?Wﬁﬁg

I a continuous oscillatory How baffled cohumn,
the characteristics of mixing have been studied well
from the residence dme distribution (BTD)
perpective, Le. the changes of racer concentration
are measured as a function of tme as the mixing
takas place in such systern, and a single parametey
krnown as the axial dispersion coefficient, was
evaluated from HTD curves. Then, this coefficlent
was usic to guantified ai‘aam{;i'@?éﬂiw of mixing in
the system {Dickens et al, 1989, Howes and
Musckley, 19907

In a batch osciflatory batfled cohumn, two
measurements arg generally used o gquantily
mixing characteristics, namely, the mixing time
required to create a predetermingd level of
uniformity at a specified scale, and the uniformiiy
of & mixture following a ghver zzewmm {Ntetal,
19980 Taslim and Takriff, 2001). Howaver, the
uniformity of & mixture '%m%cm ing & gzvs;.»:n treatment
has not been studied well,

In batch-aperated mibars for pulp bleaching
processes, assessment of miving quality s based
on the measurement of product quadity e the end
of the process sich as residual chemical content,
pulp brightness, and pulp viscosity (Bennington,
1989, Generally, mixing guatity s quantified using
an indes based on welghted standard deviation of
the measured variation over the mean,

Peroxide Bleaching

Flydrogen perexide i%‘% Q) is @ versatile

blesching agent that has bears azppimﬁ o bleaching
of mechanical pulp in the industry for s long time,
Recently, under the pressure to decrease the use
of ehlorine-containing bleaching chemivals, its use
in the bleaching of chemical pulp has increased
significantly, Bleaching s done 1o ingrease the
Brightness of the pulp by removing residual

Hgninital and other color-containing impurities. ?’@f'

delignification of kvaft pulp, the conditions
(temperature, peroside concentration, alkab
conecentration) are usually much harsher than in

peraxide brightening of mechanical pulps, so that
enin removal becomes possible. Alsg, the natire
of resicual Hignin alter chemical pulping promotes
delignification by several hydrogen peroxide
reaciion mechanisms, while native lignin in

-;:z'zmg‘hwz"mr 1 pilp Tends sl better to brightening

reactions (Lachenal, 1996; {w rrgy, 19R7.

Anderson and Amind, ‘i%‘%&} he degree of
rgaction which takes vlace dqzmd% on the nature

and the amount of %ignm in the pulp, and on the
vate of peroxide decomposition.

The conterd of lignin must be tracked during
bleaching in order 1o gauge the chemical efficiency
of the bleaching process. The residual lignin can
be datermined from the kappa numbar test by the
following relationship Tapet, 1991 Beeve, 159061

{115 o kappa number {1

EXPERIMENTAL WORK

Aschematic dagram of the sppearatus is shown
in Figure 1. The experments were conducted in a
vertical stadnless steel column of 105 m dlameter
arwd 1.4 m length, The device was Hanged to a metal
frame fo insure a vibration-free environument. Baifle
rietes with spacing of 0157 m (1.5 times the cotumn
internal diameter) in betveeen plates supported by
o & mm diameter sininiess steel rods were
installed in the column, Each baflle has & central
hole with 50 rom diameter. The oscillation of pulp
suspension was achieved by oscillating the E‘mﬁ%e
selup, A motor eguipped with a gear box was
rmounted at the top of the experimental a‘ppa}?aim
1o oscillate the batlle sefup, The speed of the mator
was controlled by e varlable speed condroller o
provide osclllation frequencies in the range of 0.5
o @b Ha, Qscillation amplitude can be varled by
adjusting the length of the connecting rod linking
the balfie setup and the driver unit, Detalls of the
apparahls used are presented in Table 1.

Unbleached keaft pulp of kappa number 22,8
from & Malaysian commercial kraft mill was vsed
i this experiment. Pulp consistency and chemical
reagents al certaln concentrations wars prapared
as shown n Table 2 and introduced into the mixer
All concentrations sre expressed in weight percent
per over-dry weight of nutp, The pulp $Lk5}fé?£'§$ii}l’i
wa oscillated at a cortain oscillation Freauency and
armphitade, and the column was heated to a desired
temperature, At the end of the experiment, the
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Gscillatory Flow Mixer for Pulp Bloaching 48

content of the cohunn was quickly discharged into
coled watgr at room temperature, The pulp shory
was then filteved and washed completely. The
washied puin was deied in the air for one day hefore
testing. The kappe number fest was conducted
according o TAPPL standard testing methods
{Tappi, 1991,

It this study, mixing guality was guantified
using the mixing index, M, which is stmply the
coefficient of variation of kappa number

finer receiving the same ouantity of bleaching
auents,

RESLULTS AN DISGUSS N
Effect of Pulp Conststency on Mixing uality

The firet set of experiments was carvied oulio
determineg the effect of pulp consistency on the

mixing index af & fred osclilation freguency and

Table . Detofls of apporatus wsed fn this work,

Dretails Voatue

inside column digmater, B A0 m

Cobumn height LA m
Baftle innor dinmeter, By G50 m

Balile ouier dameter G082 m

Baffle spacing 8157 m
Halfle thickness BOUZ m

Priamneter of supporting rod €16 1y

Mumber of baifles %

.M'M"“\\ ‘
gi‘“ )’a
R e
s =
BRSNS
Y
|
| s
!
!
| B
L

A, varlabie spead moter,

B, orifice baifle piste,

€ jacket,

£ hot waier from Deater tank,

. hot water o heater tank,
F.oflow metern

O3 P,

., hoster lank.

Frgure I, Bobamatie dogrow of experimental
L.

Yalbsle ¥, Detadle of superisentat cosditions,

Lretatls Range

scillalion Trequenny, e 3.5-2.5

Cmelilation amplitude, om 375050

Pulp consistency, % on o.d. pulp A4010.0
Hydrogen pesoxide, % on o pulp 3
Socium hydroxide, % on o.d. pulp 3
Magnesturn subfate, % on ol pulp 1

EDTA, % onod palp 82
Hleaching time, minute 68, 120

Temperatare, 0 541
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amplitude. The experiments were 1%
conducted for a range of pulp
consistencies at constant emperature
aned initial chemical concerdrations, The
agffect of pulp consistency on kappa

4= B8 minios

@ t=E 20 rimies

surmber s shown in Figure 2. This fioure &
shows  that the kappa number & 15
distribution  widen with  pulp 2
consistenoy. The basic mechanism of

mixing is to induce physical motion of

the Ingredients. In this work, the
movermnaent of pulp suspension is
praduced by the action of oscillation. 12

At low pulp consistency {(3%), pulp Y
suspensions exhibil a range of fuid-like
hehavior, spreading from the motion of
flocks (iher networks! relative o one
another through the motion of
mdividual fibers to one another. Vortex
formations due to the interaction of puip

Lk

& k. i

Puip consisteney (%)

3]

Frgure &, The affect of pulp conslsteney on kopps monbes o
60°0, F% HLQ,, 3% MO, 2.75F om osvillathon amplitade, and
£ My oscilfation freguency. Filled symbols show the average

Rappra numbers

suspension and baffles sre more 87
provounced under this condition.
Suspension with higher consistencies
{5-7%) changes the mixing mechanism
and reduces the intensity of vortex
formed in the column. The vortex

m i B ndnuies
& Dol 24 muinulos

formation iy disrupted by fiber b3
networks, Pulp suspensions are actually
continuous fiber networks that possess
strugture and strength resulting from
inferaciion bebween nelghboring fhers,
PMatwork strength varies depending on
i - . . - 1
ihe numbaer of Hbher contacts. A high e

miip congistency (10%), the strength v
angd pnoreuniforrnity of iber netvorks are
further increased. As the consistency of
the suspension ncreases, the number
of fiher/fiber inferaction increases, and
thiz, in turn incresses network stretigth,
Under this condition, the task of mixing
bacomes more difficull, which leads to a wider
distribution of kappa munber observed, resulting
in higher mixing indices as shown in Table 3

Effect of Qscillation
Freguency on Mixing Quality

The second sel of experiments was conducted
to investigate the effect of oscillation frequency on
mixing index at a fixed oscillation amplitude,
constant temperature and initial chemical

Fraguanoy (Hz)

Figure 3. The offect of oscilletion Feguency on kuppe number
af G000, 3% MO, 3% NeQF, B35 om oscillotion amplitude,
and 3% pulp consfetency. Filfed spmbofls show the average

kappa wambers

concentrations. At a lower range of oscillation
freguency being applied to pulp suspension,
mixing oeeurs at the zone between flochs, &s the
intensity of oscillation is Increased, the relafive
motion between flocks increases and flocks
themselves are destroyed. This phenomenon is
substantially accelerated by the Increase in
interaction between flocks and Hibers, irelucing a
uniform mixing. Figure 3 shows keppa nurmber
against ascillation frequency. 1t can be seen thal
the mixing quality mproves with oscillation
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Oscillatory Flow Mixer for Pulp Bleaching 51

frequency. More intense motions between flocks
are formed at higher frequencies, giving better
mixing and consequently a narrow distribution
of kappa number is obtained. This is also shown
in Table 3; the mixing indices decrease with
increasing oscillation frequency. In addition, lower
mixing indices reflect better mixing. For example
at pulp consistency of 3% and 60 minutes, the
mixing index at 2.5 Hz is half of that at 2.0 Hz.
Table 3 also shows the mixing efficiency as judged
by the mixing index decreases with pulp

consistency. The mixing index which at 10% pulp
consistency is 5 times of that at 3% and 3.5 times
of that at 5%. In bleaching operations, good
mixing is normally achieved at M < 0.1
(Bennington, 1996; Backlund et al., 1989).

Effect of Oscillation
Amplitude on Mixing Quality

Further experiments were performed by
selecting different oscillation amplitudes at a fixed

Table 3. Mixing quality of oscillatory flow mixer.

Time Pulp Frequency Amplitude Mixing
(min.)  consistency (Hz) (cm) 3 : S index
(%) M)

60 3 05 3.75 15.02 0.4868 0.0234
60 3 1.0 3.75 15.04 0.4442 0.0295
60 3 20 3.75 15.04 0.3209 0.0213
60 3 2.5 3.75 15.02 0.2168 0.0172
60 3 2.0 5.00 15.02 0.1301 0.0087
60 5 2.0 3.75 15.08 0.3162 0.0119
60 7 2.0 3.75 15.10 0.4712 0.0314
60 10 20 3.75 15.06 0.6841 0.0454
120 3 0.5 3.75 13.98 0.5474 0.0391
120 3 1.0 3.75 13.90 0.3152 0.0228
120 3 2.0 3.75 13.81 0.2381 0.0172
120 3 25 3.75 13.76 0.1581 0.0115
120 3 2.0 5.00 13.72 | 0.1170 0.0086
120 5 2.0 3.75 13.73 0.2870 0.0209
120 7  2.0 375 13.70 0.3386 0.0247
120 10 | 2.0 3.75 13.63 04171 0.0306
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oscillation frequency. These runs 18
were also carried out at constant
temperature and initial chemical
concentrations. Figure 4 plots
kappa number versus oscillation
amplitude obtained for two
different amplitudes. This figure
shows the distribution of kappa
number decreases with oscillation
amplitude. At higher oscillation
amplitude, the flock motions are
displaced further at each stroke,
inducing rupture in the flocks. The

Kappa no.

o t= 60 minute
@ t=120 minute

interaction of pulp suspensions 12
and baffles also becomes more 3
significant, thus enhancement in
mixing. As a result, narrower
distribution of kappa number was
achieved. Hence, lower mixing
indices are obtained at higher
oscillation amplitude.

Results obtained in this work indicate that
oscillation frequency and amplitude are the main
variables which control mixing efficiency. A
combination of these two variables must be
selected carefully to achieve optimal mixing. The
pulp consistency appears to be the limiting
variable in this device. Higher pulp consistency
produces a network of fiber with greater strength.
Mixing in oscillatory flow in a baffled column is
achieved from the vortex formation due to the
interaction between oscillating pulp suspension
and the baffles. The fiber networks may disrupt
vortex formation and dampen its intensity, this
reduces mixing efficiency in the column. The
results of this study also indicate that oscillatory
baffled column has excellent potential for
application in the pulp and paper industry. Further
research however is required to determine the
optimal conditions for application of this device
in the pulp and paper industry.

CONCLUSION

The findings of this study indicate that an
oscillatory baffled column is very promising as a
mixer for pulp bleaching to improve mixing quality.
The oscillation amplitude and frequency appear
to be the controlling parameters which dictate the
mixing efficiency in the oscillatory flow pulp

T T

4 5 6
Amplitude (cm)

Figure 4. The effect of oscillation amplitude on kappa number at
60°C, 3% H,0,, 3% NaOH, 2 Hz oscillation frequency, and 3% pulp
consistency. Filled symbols show the average kappa numbers

bleaching column. The mixing quality increases
with oscillation frequency and amplitude.
However, the pulp consistency limits the mixing
efficiency. Mixing quality decreases with pulp
consistency at constant oscillation frequency and
amplitude.

NOTATIONS

M Mixing index

n Number of sample

S Standard deviation

X Kappa number of i*® sample

Arithmetic mean of all measured kappa
number

x|
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