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Deinking laser-print paper using ultrasound 
Jack C. Norman, Nancy J. Sell, and Michael Danelski 

ABSTRACT.. Laser-printed pulp is distinguished by large, flat, 
platelike ink particles. These particles are much more difficult to 
remove than conventional ink particles. It was shown in this research 
study that ultrasound waves can split apart and loosen these tenacious 
particles. Use of a particle-size analysis system suggested that 
j~equencies of  22 kH~ 34 kH~ and 54 kHz each a)~cted particles of 
different size ranges. This implies that a commerciallyj~asible 
ultrasound deinkingprocess might be d~veloped as a stand-alone 
treatment method for laser-printpapers or as a polishing step for 
mixed post-consumer wastes to improve the overall pulp quali~. 

KEYWORDS: Deinkin$ lasers, reclaimed fibers, ultrasonicj~equen- 
cies, wastepapers. 

O ne of the rapidly growing areas 
of the pulping industry is the use 

of secondary fibers. In 1990, the United 
States recovered about 33.3% of its 
post-consumer wastes, or 28.9 million 
tons, up from about 23% in 1988. The 
goal of the U.S. paper industry is to 
increase that percentage to at least 
40%. 

The contaminants which must be 
removed prior to fiber reuse vary with 
the grade of the paper and the in- 
tended end use. They include hot melts, 
latexes, and inks. The higher grade 
papers, such as newsprint and some 
office forms, primarily have to be 
deinked before reuse. 

Though the "traditional" deinking 
processes used commercially are pro- 
prietary, all are essentially cleaning 

processes: a combination of chemicals 
and mechanical forces are used to dis- 
lodge the ink particles from the fibers 
and disperse them in an aqueous me- 
dium. The ink particles are then sepa- 
rated from the stock by washing or by 
flotation or by both methods. The pri- 
mary chemicals used for deinking are 
surfactants, which are chemicals that 
modify the surface properties of liq- 
uids and solids. Specifically, deter- 
gents, dispersants, and foaming agents 
are required. Generally, these are 
chemically modified mineral oils. Caus- 
tic soda, sodium silicate, and borax 
may also be added to enhance the sur- 
factant action. 

A limitation of all of these conven- 
tional deinking processes is their inabil- 
ity to effectively deink laser-printed 
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paper. This segment of the recycle 
market is rapidly growing. In many 
cases, the laser-print paper is not sepa- 
rated from the other office papers. 
The use of such mixed grades can lead 
to a lower quality sheet. At the same 
time, recent reports and articles (1) 
have confirmed the desire of consum- 
ers for a cleaner recycled sheet. Just 
because it is '~-ecycled" is not the magic 
needed to maintain market share! 

Recently a number ofnewprocesses 
have been developed for use on laser 
pulps. For example, Betz PaperChem 
markets a process which agglomer- 
ates rather than disperses the ink par- 
ticles (2). A similar process was 
reported by Darlington of PPG In- 
dustries in 1989 (3). These agglomera- 
tion processes, though based on 
different physical principles, nonethe- 
less require chemical treatment as do 
the more conventional deinking tech- 
niques. Other researchers have sug- 
gested using high-consistency pulping 
followed by flotation (4), the use of 
slotted pressure screens (5), or the 
adsorption on polystyrene foam wills 
(small, beadlike pellets) added to the 
pulper (6). 

Another possibility for deinking 
both laser and ordinary high-grade 
office papers is by the use of ultra- 
sound waves. Ultrasound waves are 
those sound waves with frequencies 
too high to be heard by the human ear, 
or greater than about 16 kHz. The use 
of sound waves to deink secondary 
fibers has been studied by two research 
groups in the United States--Turai 
and Teng (7) at SUNY-Syraeuse and 
Naimpally (8) at California State Uni- 
versity-Long Beach. Both research 
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1. Handsheets prepared from ordinary pulp (left) compared with handsheets prepared from a 100% laser furnish (right). 

groups used a sonolator, a liquid whistle 
ultrasound generator producing waves 
at 22.5 kHz. These tests were very 
limited and did not include the study of 
laser-printed stock, but the results 
showed much promise both for deink- 
ing and for paper property develop- 
ment (tensile, burst, stretch). 

The purpose of this study was to 
investigate the feasibility of deinking 
laser-printed secondary fibers using 
electromechanically produced ultra- 
sound. The use of either magnetostric- 
tive or piezoelectric crystals to generate 
the ultrasound waves eliminated the 
possibility that some of the cleaning 
action was due to mechanical action 
induced by the experimental setup, not 
the ultrasound waves themselves, as 
might have been the case when using a 
liquid whistle. It was hoped that the 
ultrasound treatment would also in- 
crease the fibrillation of the fibers, thus 
lead to an increase in paper strength. 

2. Particle size distributions of laser vs. laser-free pulp--washed only 
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In addition, several different frequen- 
cies (22 kHz, 34 kHz, and 54 kHz) were source. In recycle jargon, the expres- 
used so their effects on different sized sion has recently come to include all 
ink particles could be monitored. material which has been printed by 

using a "dry ink" or "toner" and a heat 
fixing process to coalesce the toner 
particles and attach them to the paper. 
Consequently, xerographic papers are 
commonly included in this classifica- 
tion (9). 

Xerographic inks are different from 

The nature o f  laser-printed paper 

Originally the term 'qaser print" meant 
specifically the computer-generated 
printing performed on a printer that 
uses a scanning laser beam as its light 
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actual laser-printed inks. Dry process 
xerography inks are thermoplastic res- 
ins (such as copolymers of styrene and 
acrylate) mixed with a pigment, gen- 
erally carbon black. The materials are 
formulated so they become tacky at 
70-120°C. Though they are not very 
susceptible to chemical treatment, 
mechanical forces can be used to dis- 
perse the ink into fine particles. Con- 
sequently, a combination of washing 
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3. Percent cleanup vs. t ime 
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4. Consistency vs. dirt removal 
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and flotation has been shown effective 
in removing these inks (4). 

True laser ink particles, on the other 
hand, are flat and plate-like, and con- 
tain tough binders (such as polyethyl- 
ene and polypropylene) that are not 
easily reduced in size. Washing, there- 
fore, is not effective in removing these 
inks (4). Because of this difficulty in 
deinking these fibers, we chose to use 
a 100% traditional laser furnish, pre- 

pared directly from the output of a 
laser printer, in this study. The sheets 
that were pulped were very densely 
printed, giving a %vorst case" scenario. 

Figure 1 compares handsheets pre- 
pared from ordinary pulp and from a 
100% laser furnish. AS can be seen, the 
laser pulp has many more large ink 
particles. 

Figure 2, which compares the par- 

ticle size distributions of the two types 
of pulp, quantifies this difference. 

M e c h a n i s m  o f  u l t r a sound  

deaning 
When a sound wave traverses a mate- 
rial, the molecules of the material are 
induced to vibrate longitudinally in the 
direction of wave propagation. This 
results in pressure variations, which in 
a liquid lead to cavitation or the forma- 
tion of tiny bubbles about 0.1-0.2 mm 
in diameter. 

A bubble in a liquid is inherently 
unstable. Usually large bubbles will 
float away and burst on the surface 
and very small bubbles will redissolve 
in the liquid. When, however, the 
bubble is irradiated with ultrasound, it 
can continually absorb energy from 
the alternating compression and ex- 
pansion cycles of the sound wave. This 
can lead to either a bubble that simply 
oscillates in size or to one whose aver- 
age diameter will increase. 

As a bubble grows, it will eventually 
reach a critical size where it will most 
efficiently absorb energy from the ul- 
trasound. At this point, it will first grow 
very rapidly, and then collapse. As 
these bubbles collapse, or implode, vio- 
lently in less than a microsecond, the 
temperature in their interior can reach 
5500°C. Because the volume is so small, 
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this heat dissipates very quickly. At 
any given time, the bulk liquid remains 
near the ambient temperature. 

The critical size depends on the fre- 
quency of the ultrasound. At 20 kHz, 
for example, the critical size corre- 
sponds to a bubble about 0.17 mm in 
diameter (10). 

The imploding bubbles can trans- 
mit energy to the nearby medium. In 
the case of secondary fibers, the en- 
ergy from these imploding bubbles can 
have two major effects: it can loosen 
the ink particles, removing them from 
the fibers, and it can split apart the ink 
particles themselves. 

The speed of sound varies with the 
medium, increasing with increasing 
density of the medium. In water, for 
example, it is 4708 ft/s (1435 m/s); in 
wood (oak, with the grain) it is 12,620 
fffs (3850 m/s). It would be expected 
that the speed in the pulp slurry is 
intermediate between these two val- 
ues. At 20 kHz, therefore, the wave- 
length is on the order of 4 in. (10 cm). 

Experimental 

Equipment and general procedures 
The majority of our tests were made 
using a Fischer Scientific Model 550 
Sonic Dismembrator. The Dismem- 
brator is a self-contained unit which 
generates 20-kHz ultrasound waves. 
These waves are transferred to the 
pulp slurry by a probe which can be 
inserted into a container of pulp. The 
maximum power rat ing on the 
Dismembrator is 475 W; however, dur- 
ing normal operation, the efficiency 
rating (as read on the front panel) was 
typically 39%, or about 185 W. 

To compare the effect of different 
frequencies, a series of ultrasonic 
transducers was mounted with epoxy 
directly on the inside bottoms of stain- 
less steel beakers. These transducers 
were connected to a sine wave genera- 
tor and a variable wattage amplifier, 
and set into oscillation at the appro- 
priate frequency. For the early trials, 
too high a power was used, resulting 
in the loss of a number of transducers. 
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For budgetary reasons, therefore, the 
power was limited to about 25 W for 
these trials. The majority of the pulp 
used in this study was prepared at the 
James River Corp. Green Bay Mill 
secondary fiber laboratory from 100% 
laser printer furnish. For comparison, 
some laser-free pulp was also obtained 
from the mill's deinking process, prior 
to the addition of any chemicals. 

The laser pulp was poured into a 
1230-mL stainless steel beaker mea- 
suring 5.7 in. (14.5 cm) in height by 4.1 
in. (10.5 cm) in diameter. It was sub- 
jected to various amounts of ultra- 
sound, and then washed by 0.180-mm 
screens and a laboratory flotation 
washer provided by Doshi and Associ- 
ates, Inc. 

To wash the pulp, the slurry was 
first transferred to a 4-L beaker. Cold 
tap water was added to the slurry, 
increasing its volume to 4.0 L. A mag- 
netic stirring bar was added, and the 
slurry was mixed for 5 rain. The slurry 
was then poured onto the screen and 
shaken by hand until no more liquid 
could be drained from the screen. This 
procedure was repeated two more 
times, and the remaining pulp then 
transferred to the 900-mL flotation 
cell. This procedure was designed to 
simulate a commercial deink washing 
system, such as using vertical screens. 

After the pulp was placed in the 
flotation cell, the air supply was turned 
on, and the cell was filled with cold tap 
water until it just overflowed the lip of 
the cell. The air flow was adjusted, if 
necessary, until the pulp exhibited a 
rolling motion within the cell. 250-mL 
of additional cold tap water were 
passed through the pulp over a 10-15- 
min time period by dripping the water 
into the cell from t wo  bure t tes  
mounted above; the excess water was 
allowed to overflow and was collected 
for disposal. In this manner, a com- 
mercial dispersed air flotation system 
was simulated without using, however, 
any chemicals to promote foaming or 
flocculation. 

The pulp remaining in the cell was 
then transferred by vacuum into a I-L 
filtering flask and stored in a nalgene 

bottle until evaluation. No attempt was 
made to optimize either the washing 
or the flotation procedure in any of 
these tests. 

The success of the deinking was 
determined at the James River labo- 
ratory. In preliminary studies, the ul- 
trasound was used to deink laser-free 
pulp and the results were evaluated 
by measuring the brightness using a 
Macbeth 1500/PLUS Color Measure- 
ment System. Brightness is a mea- 
surement of the ratio of the intensity 
of the reflected-to-incident white light 
for handsheets made of the various 
pulp samples. Unfortunately, bright- 
ness was not a suitable evaluation test 
for the laser-printed pulps. The very 
small ink particles gave a grayish color 
to the laser-free pulp. Due to the much 
larger sized ink particles, the laser- 
printed handsheets always appeared, 
in contrast, quite bright; in fact, even 
without any treatment, they exceeded 
the goal of the existing deinking pro- 
cess. It was therefore necessary, in- 
stead, to evaluate the sheets by 
determining the dirt count. 

The dirt count was calculated by an 
Omnicon 3600 Image Analysis Sys- 
tem. The handsheets were placed on a 
table beneath a camera and bathed in 
high-intensity white light. The paper 
reflects the majority of the light, but 
the black ink particles absorb some of 
the light and appear on the imager as 
green spots. The camera takes a pic- 
ture of the handsheet; this picture is 
then digitized and fed into the micro- 
computer. 

To find the percent area covered, 
the total area of the ink particles is 
calculated and then divided by the area 
scanned. The equivalent diameter in- 
formation is also tabulated to give the 
distribution of particle sizes from 0 to 
0.400 mm, the number of oversize 
(>0.400 mm) particles, and the maxi- 
mum and minimum particle sizes. In 
every case, dirt counts were made of 
both sides of the handsheets and the 
reported results are the average of 
these two values. 

Two different classes of ultrasound 



6. Separation study: effect of ultrasound on particle size 7. Separation study: floatable vs. nonfloatable particles 
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8. Particle distribution vs. process time 

deinking tests were performed. The 
first type of test investigated the im- 
pact of various operating variables on 
the ability of the ultrasound to deink 
the fibers. Included in this category 
were the effect of pulp consistency 
and processing time. In all of these 
tests, the ultrasound treatment was 
followed by identical washing and flo- 
tation steps. The second class of tests 
analyzed the mechanism of the ultra- 
sound deinking process. To evaluate 
the effect of the ultrasound on the 

mechanical properties of the fibers, 
the Canadian Standard Freeness 
(CSF) was measured. 

Deinking efficiency 

Processing time 

One liter of 1.0% consistency laser pulp 
was ultrasounded at 20 kHz by the 
Fischer Dismembrator for 0, 1.0, 3.0, 
5.0, 10.0, and 15.0 min, then washed 
and floated. Two handsheets were pre- 

pared from each pulp sample, so that 
we could investigate the reproducibi- 
lity of the dirt count analysis. 

To minimize any fluctuation be- 
tween pulp samples, all of the data are 
compared to the results obtained for 
the washed/floated only pulp. Figure 
3 relates the increase in the percent- 
age of dirt removed with the process 
time, where: 

% Dirt removed = 100{ 1 - Area covered by 
ink after ultrasound/Area covered by ink with- 
out ultrasound } 

As can be seen, the portion of the 
handsheet area covered by ink par- 
tides decreases (the dirt removed in- 
creases) with processing time until the 
10.0-rain treatment time is reached, 
where it stabilizes at about 20% of the 
area covered by ink particles in the 
untreated pulp. 

Consistency 
The optimum consistency of the pulp 
determines where in the overall de- 
inking process ultrasound treatment 
could occur. For a stand-alone pro- 
cess, a higher consistency process 
would undoubtedly be more economi- 
cal. However, the ultrasound cannot 
cause cavitation in high-solids-content 
pulp slurries. The impact of varying 
the consistency between 0.50 and 2.0% 
is shown in Fig. 4. In all of these trials, 
1.0 L of the pulp was ultrasounded at 
20 kHz for 5.0 min using the 
Dismembrator. 

Vo|. 77, No. 3 TappiJournal 1 5 5  



9. Process time: effect of ultrasound on particle size 
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As is indicated by the dirt removed, 
consistencies of 0.50% and 1.0% are 
more effective than the higher consis- 
tencies. Increasing the consistency to 
1.5% significantly lowers the effective- 
ness of the ultrasound treatment, but 
increasing it further to 2.0% has little 
or no effect. The slightly lower dirt 
removal at 1.5% compared to 2% is not 
significant given the reproducibility of 
the various trials. 

11. Particle size distribution--washed 

Deinking mechanisms 

Separation of process steps 
To isolate the effects of the different 
process stages, i.e., the ultrasounding 
and the washing/flotation, a series of 
tests were made on 1.0 L of pulp. These 
tests included no treatment, washed/ 
floated only, ultrasounded only, and 
ultrasounded plus washed/floated. The 
ultrasound treatment consisted of 5 
rain of processing using the 
Dismembrator on a 1.0% consistency 
pulp. Figure 5 illustrates the result- 
ing particle distributions. 

Figures 6 and 7 illustrate this ef- 
feet of particle size from another per- 
spective. Figure 6 depicts the ratio of 
larger (> 0.260 mm) to smaller (< 0.260 
mm) particles. It is apparent that the 
ultrasound treatment dramatically re- 
duces the number of large particles 
and/or increases the number of small 
particles. The subsequent washing/flo- 
tation increases the ratio both for the 

untreated and the ultrasounded pulps 
since it removes some of the smaller 
particles. 

Figure 7, on the other hand, consid- 
ers the particles which can be opti- 
mally washed and floated, those 
<0.140 mm. It should be no surprise 
that ultrasound treatment produces 
more small particles, and that wash- 
ing and floating removes many of them. 
This figure clearly portrays how a 
larger percentage of small particles is 
removed from the ultrasound treated 
pulp, likely because the newly pro- 
duced particle fragments are not 

bound to the fibers. 

Time-dependence of  the partide 
distributions 
The particle distributions that were 
determined for the 0-, 5-, 10-, and 15- 
min treatments in the above time study 
were then examined to see if they sub- 
stantiate the above ultrasounding 
mechanism. Figure 8 illustrates the 
relationship of the particle distribu- 
tions with ultrasounding time. 

As was portrayed in Figs. 6 and 7, 
Figs. 9 and 10 depict the ratio of large- 
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12. Freeness vs. process time 
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to-small (> 0.260 mm/< 0.260 mm) par- 
ticles and the ratio of very small-to- 
larger  (<0.140 mm/>0.140 mm) 
particles, respectively. In Fig. 9, it is 
unmistakable how the percentage of 
large particles decreases with treat- 
ment time until it stabilizes after 10 
min. 

Similar results can be observed in 
Fig. 10, which illustrates the increase 
in the number of small particles. In 
both of these figures, the slight in- 
crease in dirt at 15 min compared to 10 
min is within experimental reproduc- 
ibility. 

These results support the conclu- 
sions observed in the separation of 
process steps study; ultrasound treat- 
ment at 20 kHz very effectively splits 
apart particles 0.260 mm or greater in 
diameter. In fact, it seems that the 
larger the particle the more effective 
the ultrasound is in breaking it apart. 
These particles then fall into the size 
region where washing and flotation 
can effectively remove them. The in- 
ability to split apart more of the large 
particles after 10 min may be due to 
the scarcity of the large particles with 
respect to the cavitation bubbles. 

Effect of other ultrasound 
frequencies 

Using the bottom-mounted transduc- 
ers, a series of tests was then made to 
determine the effect of ultrasound fre- 
quencies other than 22 kHz. Figure 

11 summarizes the results. In all cases, 
similar pulp was irradiated for 120 min 
at a low power level (23 W), then 
washed and floated. 

A comparison of the distributions 
of particles which have a diameter less 
than 0.250 mm illustrates significantly 
fewer smaller particles are present af- 
ter treatment with either 34-kHz or 
57-kHz ultrasound than are present 
after treatment with 22 kHz or with 
no treatment. This suggests that the 
higher frequencies break apart and 
loosen the smaller particles, which are 
then washed from the system. The 
increase in the number of particles in 
this size range after treatment with 22 
kHz (compared to no treatment) is 
likely due to the splitting apart of the 
larger particles to form smaller par- 
ticles, as was previously observed. Our 
less than optimum washing scheme 
leaves some of these newly formed 
small particles remaining in the pulp. 

Further investigation of this aspect 
of the study is ongoing. 

Fiber property modifications 

To measure the effect, if any, of the 
ultrasound on fiber properties, par- 
ticularly the possible fibrillation, the 
Canadian Standard Freeness (CSF) 
was measured. Figure 12 depicts the 
change in CSF as a function of pro- 
cessing time. Clearly, there is a signif- 
icant increase in fibrillation (a decrease 
in freeness) due to the ultrasound 
treatment. 

Deinking of laser-free paper 

As was illustrated in Figs. 1 and 2, 
laser-free pulp contains significantly 
fewer and smaller ink particles than 
laser pulp. Ultrasound treatment has, 
nevertheless, virtually the same effect 
on the particles, as can be seen in Fig. 
13 for 1% consistency pulp which has 
been ultrasounded for 5 min. As with 
the laser pulp, the main effect of the 
ultrasound is to split apart the larger 
particles. 

Figure 14 contrasts the results of 
ultrasound treatment on laser and la- 

ser-free pulp. For this example, 1 L of 
1% consistency pulp was processed 
for 5 min at 20 kHz. Since particles 
smaller than about 0.08 mm are not 
observable to the naked eye, the ink 
particles which remain after ultra- 
sound treatment of laser-free paper 
primarily give a slight color to the pulp; 
there are very few visible dirt specks. 
A measure of the brightness after ul- 
trasound treatment verified that, for 
laser-free furnish, the pulp was com- 
parable to pulp deinked by chemical 
methods. 

Economic and process 
considerations 

The increased efficiency with decreas- 
ing consistency, in addition to the cur- 
rent industry trend of not separating 
laser-print papers from ordinary of- 
fice papers, suggests that the ultra- 
sound process might be most 
effectively used as a polishing step, 
located perhaps among the series of 
flotation units. Typically, the deinked 
pulp is at its lowest consistency at this 
point. Large transducers could be 
mounted at several points on the sides 
of the pipes connecting these flotation 
washers. The pulp should first tra- 
verse the lowest frequency ultrasound 
and, in subsequent treatment sections, 
be subjected to ultrasound energy of 
increasing frequency. The major op- 
erating cost for ultrasound deinking is 
the cost of electrical power. 

The cost of large, heavy duty trans- 
ducers is surprisingly inexpensive, es- 
pecially when one considers the cost 
of the small, laboratory transducers 
used in this study. For example, one of 
the vendors we contacted markets a 3- 
ft-long 20-kHz transducer with a tank 
for less than US$ 2000. 

Conclusions 

Ultrasound energy dearly can split 
apart and loosen laser-print ink as well 
as conventional inks. The preliminary 
results indicate that using a spectrum 
of ultrasound frequencies will permit 
the removal of all sizes of ink particles. 
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The process, therefore, appears hope- 
ful as a stand-alone treatment for la- 
ser-print papers or, more likely, as a 
polishing step for mixed office paper 
grades. [] 
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