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February 16, 1998

TO: MEMBERS OF THE RECYCLED PAPER AND SURFACE AND COLLOID
SCIENCE PROJECT ADVISORY COMMITTEES

Attached for your review are the Status Reports for the projects to be discussed at the
Recycled Paper and Surface Colloid Science Project Advisory Committee meeting being
held at the Institute of Paper Science and Technology. The Program Review is scheduled
for Monday, March 23, 1998, from 8:00 a.m. - 12:00 p.m. and the PAC Committee
Meeting will meet on Tuesday, March 24, from 8:00 a.m. to 12:00 p.m.

We look forward to seeing you at this time.

Sincerely,

Vi
M/’V@VY — U

David I. Orloff, Ph.D.
Professor of Engineering & Director
Engineering and Paper Materials Division
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Project No. F00902

Status Report

DUES-FUNDED PROJECT SUMMARY

Project Title:

Project Code:

Project Number:

PAC:

Division:

Project Staff
Faculty/Senior Staff:
Staff:

FY 98-99 Budget:

Shear-Induced Agglomeration of Stickies
Stickies

F00902

Recycle

Engineering

Sujit Banerjee
Tom Merchant
$94,000

Allocated as Matching Funds:

Time Allocation
Faculty/Senior Staff:
Support:

Supporting Research
M.S. Students:
Ph.D. Students:
External:

15%
90%

Dave Wilhelm, Steve Makris
Howard Corcoran

RESEARCH LINE/ROADMAP: Reduce and/or control contaminants in recycled-fiber
pulp using breakthrough technologies to allow complete interchange of recycled pulp
with virgin pulp of similar fiber make-up at economical cost.

PROJECT OBJECTIVE:

SUMMARY OF RESULTS:

Develop methodology to reduce the impact of stickies

The rate of agglomeration of stickies in water or
whitewater increases with increasing shear and de-
creasing pH. The mechanism through which addi-
tives such as talc, PEIl, and DETAC detackify stickies
was studied. It was found that although talc increases
the rate of agglomeration somewhat, its principal ac-
tion seems to be through detackifying the agglomer-
ated material. In contrast, the chemical additives ap-
pear to act on the colloidal stickies by making the zeta
potential of the particles less negative. Talc could
have the added benefit of keeping machine surfaces
free of stickies. However, mills may be using much
more talc than is necessary. In related work, intro-
ducing a temperature difference between forward and
reverse cleaners should greatly increase separation
efficiency.
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Project No. F00902 Status Report

The principal purpose of the work described here is to develop and apply a
method for reproducibly agglomerating stickies in an aqueous suspension. The main
application of the technique is to screen chemicals and additives used for stickies con-
trol for their efficiency and mode of action, and to optimize their dosage. Shear is used
to agglomerate stickies. Vhen two stickie particles collide with a force strong enough to
overcome their mutual repulsion, agglomeration occurs, the stickies grow to the point
where they destabilize, and the water clarifies. If the turbidity of the water is followed
over time, the clarification can be quantified. Zeta potential and particle size are also
tracked. These values, when considered together with the kinetic data, offer insight into
the mechanism of stickies control, some of which can be used to select additives, and
optimize dosage.

Experimental

Our apparatus consists of a mixing chamber where temperature and stirrer
speed is computer-controlled, and gas or liquid can be automatically introduced. The
equipment (New Brunswick Bioflow 3000, illustrated in Figure 1) was originally acquired
for fermentation in connection with a biotechnology project. The glass tank has a total
volume of 5L, and a working volume of 2.5L. Inserted into the center of the tank is a

stirrer
50-1000 RPM
-
thermocouple
1 M M housing
stationary
baffles
e il
L
%T ST
=7
impeller

—

Figure 1: Schematic of the Bioflow 3000 fermenter.

IPST Confidential Information - Not for Public Disclosure (For IPST Member Company’s Internal Use Only)



Project No. F00902 Status Report

metal shaft stirrer with a radial flow impeller that can be controlled between 50-1000
rom. Four removable metal baffles are placed to reduce solid body rotation and mini-
mize vortex formation. The bottom of the tank is jacketed with a controlled temperature
water bath. A probe placed into the liquid in the tank monitors the temperature, which is
regulated by a microprocessor. The chamber also accommodates a pH probe. Air can
be introduced through a ring-shaped sparger placed directly beneath the impeller.

Agglomeration kinetics were measured under acidic conditions, since agglom-
eration either did not occur, or occurred very slowly at pH>4. Measurements were usu-
ally made at 50°C and at 1,000 rpm by periodically removing samples and measuring
their optical density at 650 nm, the wavelength typically used to measure turbidity. In
late 1997, we acquired a Malvern Zetasizer 3000, which allowed us to measure zeta
potential and particle size. The machine utilizes a laser to measure Z-average particle
size and zeta potential through dynamic light scattering. The method assumes the par-
ticles to be spherical, and between 0.05-5p, averaged over the entire population. Poly-
dispersivity, a measure of the population distribution of the particles, is also reported.
Samples containing talc (whose particle size of >1.0p exceeded that of the acrylates)
were allowed to settle for a day prior to the zeta measurement.

Acrylates were obtained from B.F.Goodrich (Carbotac latex). Two batches were
used, one of which was fresh, while the other had been in storage for a few months
prior to use. The particle size of the fresh latex was 0.28p; that of the other was 0.33y.
The higher value probably reflected agglomeration during storage. Preparing a stable
suspension of cured acrylate was quite difficult and the following technique was devised
after much trial and error. A smooth glass plate was cleaned thoroughly and dried to
remove any residual surfactants. The latex (10 mL) was painted as a narrow strip near
the edge of the plate. A wound wire Meyer draw-down rod was then used to spread the
latex evenly across the glass plate, care being taken to avoid the formation of either
thick pools or thin areas of broken film of latex. A stream of hot air from a hair dryer
was then used to dry the latex. The appearance of the material changed from bluish-
white to a clear film that was sticky to the touch, but did not transfer away from the
glass. This film was allowed to further cure overnight before being collected and resus-
pended. Polyvinyl acetate (PVAc) of molecular weight 12,800 was obtained from Al-
drich.

The cured latex film was then removed as rolls from the glass by scraping off
with a razor blade. These rolls were then added to 600 mL of hot deionized water on a
stir-plate with 1mL 1.0N KOH and 50uL BRD surfactant (a blend of fatty acids and a
nonionic surfactant), whereupon the rolls loosened and partially unwound, forming
sheets of solid latex in the hot water. The suspension was then chopped into smaller
particles with a high-speed homogenizer. Most of the particles are quite large and settle
to the bottom of the beaker, and the yield of dispersed fine material is quite small. After
cooling to room temperature the solids were further homogenized to produce a milky
suspension, from which some further settling occurred. The decanted liquid was then
used for kinetic work.

IPST Confidential Information - Not for Public Disclosure (For IPST Member Company’s Internal Use Only)
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Figure 2: Comparison of particle size and dispersion
for uncured and cured stickies.

A target initial optical density of 0.3 or more was chosen, and the amount of resus-
pended cured latex needed for this target OD was calculated. The reaction chamber
was charged with deionized water (or whitewater), such that the total volume (after the
subsequent addition of resuspended cured latex) would be 2 L. The water was then
stirred at 100 rpm until it reached 50°C, whereupon the impeller speed was reduced to
50 rpm, and the resuspended cured latex added. The pH was then stabilized to a target
value with 1N HCI or KOH. The impeller speed was then increased to 1,000 rpm, and
the kinetic run begun. Initially, samples were collected every 15 seconds, but the inter-
val was lengthened as the run progressed. Runs were generally continued to about 1-3
half-lives.

As mentioned above, two batches of acrylate were used. One had an average
size of 0.33p, whereas the particles in the other averaged 0.28p. Both suspensions
were fairly monodispersed, having a very narrow range of particle sizes. However, sus-
pensions of the cured acrylates contained particles of both much larger Z-average size
(>0.5u), and of a wider size distribution. Furthermore, both size and range varied
greatly between batches. A typical illustration is provided in Figure 2.

Clarification kinetics were usually of the first-order, although second-order or
mixed-order behavior was frequently encountered. The uncertainty in rate constants
was about 20% for the uncured stickies, but were much higher (at about 100%) for the
cured material, probably because of its higher size distribution.

If the kinetics followed the scheme

stickie + stickie — agglomerate @)
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Table 1: Effect of rom on the agglom-

eration of PVAc (MW: 12,800, un- 0987
cured)’ i .
iD rom | k (min™) r‘ 0.04 -
T™M4 | 50 <0.8 1
TMS 100 <0.8 T 003 "
TM6 | 200 <0.8 £
TM7 | 300 | 5.5E-04 | 0.85 = 002 .
TM8 | 400 | 3.9E-03 | 0.993
TM9 | 500 | 9.8E-03 | 0.997 001
TM10_ | 600 | 1.6E-02 | 0.998
TM11_| 700 | 2.0E-02 | 0.9991 ool | | |
TM12_ | 800 | 2.1E-02 | 0.999 T e wo | s 10

TM13 900 2.8E-02 | 0.9993 rpm

" TM14 | 1000 | 4.4E-02 0.9993

Figure 3: Dependence of

720 mL of PVAc in MeOH at 9.9% (w/v)

agglomeration rate on rpm
added to 2 L of pH 2.62 water

where the agglomerate was removed from the process, then the agglomeration should
be of the second-order. On the other hand, if the properties of the agglomerate were
similar to that of the initial stickie, i.e., the process

stickie + agglomerate — re-agglomerate (2)

had the same rate constant as process (1), then the reaction would be first-order. Since
the stickie will grow and fall out of suspension at some point, mixed-order kinetics are
anticipated, with the process being initially first-order, and then becoming more com-
plex. Another complication is that the initial “stickie” is not just a single entity, but
probably reflects a distribution of properties. If a subset of this distribution of stickies
agglomerates faster than the remainder, then the kinetics will be complex, since multiple
processes will be underway.

Effect of shear on agglomeration

The rate of agglomeration increases with increasing shear since the force of col-
lision is more easily able to overcome inter-particle repulsive forces and induce agglom-
eration. If shear can be used to reproducibly agglomerate stickies, then the effect of
other variables such as chemicals and additives that influence agglomeration can be
evaluated. In order to determine the effect of shear on the agglomeration rate, PVAc
(MWV: 12,800) was added as a 9.9% solution in methanol, to water at pH 2.6. The de-
pendence of the agglomeration kinetics on rpm was measured by collecting data at a
given rpm, and then progressively increasing the rpm, with the rate being measured at

IPST Confidential Information - Not for Public Disclosure (For IPST Member Company’s Internal Use Only)
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Table 2: Effect of turbulence on the
agglomeration of acrylate’
D | pH | k(min) |

without baffles
TM130 | 1.17 | 1.1E-01 | 0.999 sircles: without baffles
TM131 | 1.87 | 6.4E-02 | 0.9997 0-20 9 cquares: with baffles
TM132 | 2.24 5.3E-02 0.9995 . -
TM133 | 2.28 5.9E-02 0.9995 0.16 - n -
TM134 | 2.42 5.4E-02 0.9992 i -
TM135 | 2.54 5.0E-02 0.9990 —~ 0412 -
TM136 | 2.77 | 4.5E-02 0.998 )0 o -
TM137 | 2.97 | 4.4E-02 | 0.999 E ]
TM138 | 3.47 1.1E-02 0.98 x 0.08+
TM139 | 4.00 2.8E-03 0.94 . . Qe

with baffles 0.04 -] ®eo0
TM140 | 1.90 1.6E-01 0.999 1
TM141 1.94 1.6E-01 0.9993
TM142 | 1.98 | 1.6E-01 | 0.9991 R !
TM143 | 2.03 1.3E-01 0.9992 pH
TM144 | 2.13 1.4E-01 0.9995
T™M145 | 2.34 | 1.7E-01 0.997 Figure 4: Effect of baffles on
iM;l 33 ggg 122-81 gggg? acrylate agglomeration
TM148 | 2.60 1.5E-01 0.9996
TM149 | 2.79 1.2E-01 0.998

'5 mL of a 50% acrylate suspension

(0.33p) added to 2 L of water at 1,000

rpm

each step. The influence of other variables was therefore minimized. The results, pre-
sented in Table 1 and illustrated in Figure 3, show that agglomeration increases linearly
with shear. Agglomeration was too slow below 300 rpm, and reproducible rates could
not be measured.

The Figure 3 relationship is linear only because the data were acquired over a
single run. Rates measured across different runs were highly variable, probably be-
cause the size range of PVAc particles in suspension varied with each batch. As will be
emphasized later, reproducibility deteriorates if the characteristics of the suspension are
not kept constant. -
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Table 3: Effect of pH on the agglom- 1.00 —
eration of acrylate' ]
ID pH | k(min™) r‘ :
TM15 | 4.75 1.5E-03 0.91 Mo_' ® e 0o o
TM16 | 4.80 | 5.5E-03 0.95 = *
TM17 | 3.95 9.1E-02 0.9997 'E
TM18 | 3.38 1.3E-01 0.9996 > .
TM19 | 3.04 1.4E-01 0.9997 0.01 -
TM20 [ 2.81 1.4E-01 0.9997 ] *
TM21 2.76 1.5E-01 0.995 ]
TM22 | 2.45 1.5E-01 0.9990 0.00 S ° .
TM23 | 2.16 1.6E-01 0.9990 2 3 " 4
J
'5 mL of a 50% acrylate suspension Figure S: Dependence of ac-
(0.33p) added to 2 L of water at 1,000 rylate agglomeration on pH
rpm

Removing the baffles in our mixing chamber can reduce shear. Although ex-
periments were usually run with the baffles in place, comparative measurements were
made with acrylate latex (0.33u) with and without the baffles. The agglomeration rates
listed in Table 2 and illustrated in Figure 4 demonstrate that the baffles lead to a pro-
nounced increase in rate, confirming the effect of shear on agglomeration. Finally, ex-
periments were made with and without injection of 1 Ipm air under the conditions used
to generate the Table 2 data with the baffles attached. Inclusion of air increased the
rates by almost an order of magnitude. These results demonstrate that increasing
shear by any means, whether by increasing impeller rpm, installing baffles, or injecting
air, increases the agglomeration rate of both PVAc and acrylate.

Effect of pH on agglomeration

The dependence of the agglomeration rate on pH is illustrated in Figure 5 for ac-
rylates, and the data are provided in Table 3. The break at a pH of about 4 indicates
that stickies will resist agglomeration at higher pH. The likely reason is that zeta is re-
duced under acidic conditions. Mills that deliver acid shocks to remove stickies, should,
therefore, target a pH of slightly less than 4. Unlike the acrylates, there is no clear rela-
tionship between pH and agglomeration rate for PVAc as illustrated by the data in Table
4 and Figure 6. Particle size variability of the stickie suspension in water is probably re-
sponsible. Since the acrylate is introduced as a stable suspension, it will tend to mono-
disperse in water. However, PVAc is introduced in a methanol carrier, and the stickies
will fall out of solution in a variety of particle sizes. Since particle size affects the rate of
agglomeration (as we will show later), the Figure 6 plot is affected by two variables, and
the effect of pH alone is obscured.

IPST Confidential Information - Not for Public Disclosure (For IPST Member Company’s Internal Use Only)
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Table 4: Effect of pH on the agglom-

eration of MW 12,800 PVAc'

ID pH | k (min) P
TM24 | 3.30 | 1.8E-01 | 0.998
TM25 | 7.68 | 1.2E-01 | 0.994
TM26 | 3.99 | 6.4E-02 | 0.99
TM27 | 2.75 | 1.3E-01 | 0.98
TM28 | 3.40 | 1.0E-01 | 0.997
TM29 | 2.62 | 1.6E-01 | 0.91
TM30 | 2.88 | 6.4E-01 | 0.97
TM31 | 10.77 | 1.8E-01 | 0.98
TM32 | 2.82 | 6.6E-01 | 0.97
TM33 | 2.45 | 1.8E-01 | 0.999
TM34 | 224 | 6.7E-01 | 0.96
TM35 | 4.54 | 7.9E-02 | 0.99
TM36 | 2.94 | 5.7E-01 | 0.98
TM37 | 2.29 | 5.0E-01 | 0.981
TM30 | 527 | 4.3E-01 | 0.992
TM38 | 2.42 | 7.3E-02 | 0.99
TM39 | 2.43 | 6.2E-01 | 0.99
TM40 | 2.62 | 5.9E-01 | 0.99
TM41 | 2.96 | 5.4E-01 | 0.99
TM42 | 2.61 | 5.0E-02 | 0.99
TM43 | 4.62 | 3.5E-02 | 0.996
TM44 | 4.01 | 2.1E-01 | 099
TM45 | 359 | 6.6E-01 | 0.98
TM46 | 3.05 | 4.0E-02 | 0.997
TM47 | 4.09 | 1.9E-01 | 0.9999
TM48 | 4.02 | 2.2E-02 | 0.996

'10-30 mL of 10-14% PVAc in MeOH
was added to 2 L of water at 1,000 rpm

10

k (min-1)

Status Report

e e L

Figure 6: Dependence of
PVAc agglomeration on pH
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Table 5: Comparison of agglomeration of acrylate in distilled water
and whitewater
ID pH white- | k (min™) r° absolute dif-
water ference (%)
TM92 4.89 Y 6.3E-03 0.95 15
TM16 4.80 N 5.5E-03 0.95
TM93 3.05 Y 2.0E-01 0.995
TM109 3.01 Y 3.7E-01 0.99 100
TM19 3.04 N 1.4E-01 0.9997
TM94 2.51 Y 1.9E-01 0.97 36
TM64 2.47 N 1.3E-01 0.999
TM32 2.45 N 1.5E-01 0.990
'0.5-5 mL of a 50% acrylate suspension (0.33p) added to 2 L of water at
1,000 rpm '

Table 6: Agglomeration of cured/resuspended ac-

rylate’
pH k (r)
3.5-3.7 0.15 (0.997)
2.5 0.063 (0.999)
2.5 0.0033 (0.986)
3.0 0.0016 (0.993)
2.7-3.0 0.19 (0.9992)
4.1-4.5 0.15 (0.99)

'in water except for the last entry which refers to white-
water

Agglomeration in whitewater

Whitewater obtained from Bowater's GNN Millinocket mill was stored cold prior to
use. We are grateful to Bob Moran, Dave Walsh, and Harry Bard for arranging for peri-
odic shipments of whitewater. Agglomeration rates of acrylate (0.33) in distilled water
and whitewater are compared in Table 5. While the whitewater rates are slightly faster
than those in distilled water, the differences are not large. Ve conclude that conclu-
sions reached for distilled water will mostly apply to whitewater, and that the additional
constituents of whitewater do not materially influence the rates.
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12
Project No. F00902 Status Report

Agglomeration of cured/resuspended stickies

The agglomeration rates of cured and resuspended acrylates listed in Table 6
display a much higher variability than those in Table 5 for the uncured material. How-
ever, the median range of 0.06 to 0.15 min™ is roughly comparable to the rates in Table
5 for uncured acrylate, suggesting that there are no order-of-magnitude differences in
behavior. The high variability of the rates appears to be principally associated with dif-
ferences in particle size. A large drop in particle size tracks a similar decrease in optical
density occurs during early agglomeration as shown in Figure 7. The zeta potential,
however, is relatively stable. The variability in Table 7 can now be understood on the
basis of particle size, since the size distribution is not constant across different prepara-
tions of the cured stickies.

Effect of additives on acrylate (uncured) agglomeration

Talc

Since talc is used to deactivate stickies, its mechanism of action was probed by
adding it to GNN whitewater and measuring its rate of agglomeration. Talc (Mistron-
400) is typically used at 0.4% (ODT) of a 0.9 Ib/gallon formulation. Whitewater was
spiked with 0.6 mL of a 50% suspension of acrylate (0.33p), and data were taken at
various impeller speeds. Only the 750 and 1,000 rpm conditions led to first-order kinet-
ics; agglomeration was too slow at lower rates. The kinetic data summarized in Table 7
show that the rates are unaffected by the presence of talc. Although some of the values
in Table 7 are flagged as zero-talc, the whitewater is paper machine whitewater re-
turned from PM #6 to the whitewater tower, and contains some residual talc. Major dif-
ferences occurred in the appearance of the agglomerated stickie. Without talc, the ag-
glomerate was compact and tacky, and attached to the sides of the chamber. In

012+ 0.32—
[
4 [
0.08 - 2 0.30
X
Q ]
o 2
.0
0.04 — § 0.28 -
: a
0.00 ——F——T—— T ] 026 +—————T—— T
0.0 0.4 0.8 1.2 1.6 0.0 0.4 0.8 1.2 1.6
minutes minutes

Figure 7: Optical density and particle size changes during cured PSA agglomera-
tion in water at pH 3.3. :
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Figure 8: Appearance of the mixer walls with (right) and without (left) talc addi-
tion.

Figure 9: Appearance of stickies in the presence of talc.
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the presence of talc, the agglomerated stickie was feathery, and remained in the water
layer, and the walls were relatively clean, as shown in Figure 8. Figure 9 demonstrates
that the bulk of the agglomerated stickie floated on the water. Clearly, talc detackified
the stickie, but the result was visibly the same at all doses. The levels of talc applied
were lower than the 0.4% conventionally used by GNN, and since no differences were
observed at concentrations exceeding 0.03%, it appears that the mill should be able to
reduce its talc dosage without suffering adverse effects. The level of stickies used in
these experiments far exceeds levels likely to be encountered in the mill, and there
should be a sufficient reserve of talc even under reduced dosage to handle stickie
surges.

In order to determine whether stickie particle size influenced agglomeration in the
presence of talc, the 0.28 latex was suspended in water of pH 2.7-2.8 and agitated at
1,000 rpm. The rates along with the initial zeta potentials (which did not change during
agglomeration) are recorded in Table 8. The smaller particles agglomerate very much
more slowly, demonstrating that a relatively small difference in size has an enormous
effect on the rate. The 0.28u material does not agglomerate at all on our time scale,
whereas appreciable agglomeration occurs with the 0.33p suspension. For 0.03-0.05%
talc, the difference in rate is about thirtyfold. Clearly, agglomeration is inordinately sen-
sitive to particle size. In contrast to the Table 7 data for the 0.33 stickies, the rate for
the smaller particles are linear with talc level. The reason for the difference is not
known. However, the increase is less than an order of magnitude, and as will be shown
later, much greater increases are obtained with the chemical additives.

We conclude that talc affects the agglomeration rate to at best a small extent,
and that its principal benefit is to detackify the agglomerated material. The benefits of
talc can be realized at dosages much lower than is currently used, and we suggest that
mills that presently use talc progressively lower their application rate. The GNN mill is
currently following our recommendation.

Table 7: Effect of talc on acrylate agglomeration (0.33u acrylate)
1,000 rpm 750 rpm
ID pH | talc k r‘ ID pH | talc k r’
(%)" | (min™) (%)" | (min™)
TM109 | 3.01 0 3.7E-1 | 0.987 | TM108 | 3.08 0 6.7E-2 0.99
TM104 | 2.97 | 0.03 | 2.1E-1 | 0.987 | TM103 | 2.98 | 0.03 | 6.6E-2 | 0.996
0.12 TMO98 |[3.08]| 012 | 7.1E-2 | 0.993
TM114 | 3.09 | 0.24 | 4.4E-1 | 0.985 | TM113 | 3.09 | 0.24 | 6.3E-2 0.94
| "of the talc concentrate (1 Ib/gallon); the mill dosage is 0.4%

IPST Confidential Information - Not for Public Disclosure (For IPST Member Company’s Internal Use Only)




Project No. F00902 " Status Report

Table 8: Effect of talc on acrylate agglomeration (0.28u acrylate)

talc (%) k (min™) r’ zeta (mV)
0 ~0 -42
0.05 0.0065 0.87 -41
0.15 0.014 0.83 -32
0.5 0.041 0.97 -29

'of the talc concentrate (1 Ib/gallon) in 2L of whitewater; the mill dos-
age is 0.4%; pH:2.7-2.8

EXPN-3405/ACCURAC-181

The GNN mill uses a combination of EXPN-3405 and ACCURAC-181 at their #6
paper machine. EXPN-3405, a mixture of polyethyleneimine and a mixed polyamide
polyamine polymer, is applied at 3 Ib/ton. The ACCURAC is cationic polyacrylamide,
and is applied at 2.5 Ib/ton. The effect of the combination of agglomeration is compared
to corresponding data for EXPN alone and to a control in Figure 10 with 0.28u acrylate.
The rate enhancement is sizeable. As before, the stickie alone does not agglomerate,
whereas the combination rapidly removes the stickie from suspension. The kinetics are
neither first- nor second-order, suggesting the involvement of more than one process.
The zeta potential of the control and of the EXPN stickies remained at about =50 mV
and about —45 mV throughout. In the presence of the combination, the zeta potential
started at about —=38 mV and decreased to about =50 mV. This suggests that the com-
bination reduces zeta, and that the stickies that remain towards the end of the run bear
a high surface charge and resist agglomeration. Only minor differences in particle size
were observed among the three sets.

DETAC-DI283

First-order agglomeration rate constants of acrylate added to GNN whitewater
containing DETAC are reported in Table 9. The mill applies the additive at 4 Ib/ODT.
Clearly, the rate increases dramatically in the presence of DETAC, and appears to be
linear with DETAC concentration, although this is based on only two points. DETAC
has a definite effect on the initial zeta potential as shown in Figure 11. The control re-
mains at about —44 mV throughout. In the presence of 50 ppm DETAC, the zeta begins
at roughly the same level, but decreases somewhat throughout the run. At 200 ppm,
the starting zeta is much lower, and increases a little during agglomeration. The mode
of action appears to be similar to that of EXPN-3405/ACCURAC-181.
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Figure 10: Agglomeration rates in the presence of EXPN and ACCURAC

Table 9: Acrylate agglomerate in the presence of DETAC
ppm percent of mill dos- 1%-order k(r’)
1
age
0 0 0.0039 (0.97)
50 25 0.032 (0.99)
200 100 0.12 (0.998)
200 ppm
-26
. $
o] 4 3 F
S 8 200 ppm
E
3
N 40 control
L |
-45 ! 2 '
560 ppm ; $ $ $
~60 T T T T + |
-2 4 ¢
minutes

Figure 11: DETAC-induced changes in acrylate zeta potential
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minutes

Figure 12: First- (bottom) and second-order (bottom)
of the agglomeration kinetics of uncured acrylate.

Both additives increase the rate of agglomeration by reducing zeta. However, zeta pro-
gressively decreases in the presence of DETAC, whereas the opposite seems to be
true for EXPN-3405/AC-CURAC-181, for reasons that are unclear.

Effect of additives on acrylate (cured) agglomeration

DETAC-DI283

The effect of DETAC-DI283 upon cured/resuspended acrylic latex was measured
against controls. The levels of DETAC-DI283 used for these experiments were 10, 50,
100, 200, and 500 ppm, which correspond to 5, 25, 50, 100 and 250% of mill use dos-
age, respectively. Three separate batches of cured/resuspended acrylic latex were
prepared. Given the differences among batches, the results should be compared within
each batch, and not across batches.

The agglomeration rate for the controls were intermediate between first and sec-
ond order, as shown in Figure 12. Although second-order plots provide a slightly better
fit, first-order rates are used for comparison in order to maintain consistency with the
remainder of the report. A major point of difference between the suspensions from the
cured and uncured material is that agglomeration is quite fast for the cured material,
whereas no agglomeration was observed with the 0.28u material. This suggests that
the cured material contains some easily removable components that rapidly fall out.
The implication is that the more recalcitrant material will remain in suspension. This
could explain the complex kinetics since the nature of the stickie changes during the
run.

The rates within each batch vary by less than a factor of two, as shown in Table
10. Particle size decreases during agglomeration, but DETAC does not seem to influ-
ence the trend. The only significant difference is the change in zeta at 500 ppm (batch
2). The zeta potential was constant during agglomeration for all three batches. DETAC
begins to lower zeta at 500 ppm, whereas the threshold for the uncured stickie was 200
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Table 10: Effect of DETAC on the properties of stickies
DETAC k (r’) zeta size (u)

(ppm) | 1% order 2" order | (mV) | initial  final
batch 1, pH 2.8
0 0.20 (0.75) | 2.4 (0.95) -59 0.48 0.3
10 0.22 (0.79) | 3.6 (0.98) -59 0.41 0.3
batch 2, pH 3.8
0 0.11(0.72) | 1.1 (0.86) -47 0.41 0.31
50 0.26(0.85) | 6.3(0.997) | -42 0.43 0.31
500 0.20 (0.78) | 3.2 (0.94) -17 0.45 0.43
batch 3, pH 4.0
0 0.068 (0.84) | 0.25 (0.90) 0.37 0.34
100 |0.078 (0.93) | 0.30 (0.97) 0.38 0.34
200 |0.072(0.94) | 0.25(0.97) 0.39 0.36

18

ppm. We consider the agreement to be good in light of the wider distribution in particle
characteristics in the cured suspension. The large increase in agglomeration rate in-
duced by DETAC for the uncured stickies (Table 9) is not apparent in Table 10, again,
probably because the suspension from the cured material is not monodispersed, and
the larger particles are removed with shear, masking the benefit of DETAC.

Comparison of stickies control additives

It is risky to make any kind of a recommendation from limited laboratory data.
Hence, rather than rank the performance of the addditives studied, we will highlight the
advantages of each. The rate enhancement observed in the presence of talc is smaller
than those induced by the chemical additives, and the change in zeta is somewhat less
pronounced. This suggests that while talc does interact with the stickies at the colloidal
level, the interaction is stronger with the chemical additives. Talc has one unique attrib-
ute not shared by the other additives. For talc, the agglomerated material at the end of
the run was found in water as non-tacky feathery streaks. Agglomerates in the pres-
ence of other additives were attached to the blade or to the walls. This suggests that
talc may be able to keep machine surfaces free of stickies. Our results suggest that the
dosage used by the mill may be unnecessarily high.

Future efforts ‘

At this stage of the program, we understand many of the interactions among
stickies, fiber, and water and are able to screen and recommend additives for stickies
control. We recommend that this aspect be completed in the following year through
studies in non-newsprint mills. Also, some fundamental aspects of the work, namely the
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effect of pH on zeta and particle size need to be better understood. We have observed
that the effect is quite variable, and are unable to predict it. Finally, we could complete
the study by select additive combinations (e.g., talc and DETAC), or designing new ad-
ditives for optimum effectiveness.

The work described in the Appendix may greatly increase cleaner efficiency, and
is probably the most important result from this year’s activities. IPST is filing for a pat-
ent on this. The work was funded outside the PAC, and follow-on efforts in non-
newsprint mills is strongly recommended.

Our recommended time allocations to these activities are as follows:

o Complete fundamental aspects of the stickie-water interactions (40%).
o Extend to non-newsprint mills (40%).
o Start work on improving cleaner efficiency in non-newsprint mills (20%).

PAC input will be sought on these proposed allocations.
In related work, Howard Corcoran will start doctoral work on determining what
causes stickies to attach to surfaces, and will develop means to disrupt them. This ef-

fort will be in collaboration with MacMillan Bloedel through the courtesy of Lynn Jonakin.
Both corporate and the Henderson, KY, mill will be involved.
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APPENDIX
An Option for Better Stickies Removal Through Cleaner Optimization
David K. Wilhelm, Stephen Makris, Sujit Banerjee

The work reported here was conducted by Dave Wilhelm and Steve Makris as a
part of their MS research, with Sujit Banerjee serving as their advisor. Although the
work lies outside the purview of the PAC, it relates to the general subject of stickies
control, and is, therefore, offered as an Appendix. The purpose of the study was to
collect contaminants from various unit operations from two mills (Bowater, GNN and
Augusta Newsprint) and to track their composition as they moved downstream. Ap-
proximately 5-10 contaminants were analyzed from each location. A variety of contami-
nants were found at the front end of both mills. However, the contaminants present af-
ter the final cleaning stage at both mills had a high proportion of a mixture of an acrylate
and a hot melt, suggesting that this combination resisted screening and cleaning.

Some of the contaminants from Augusta Newsprint were placed in cold water,
and the water was slowly heated. The stickies sank initially, but floated at a “transition
temperature.” The transition was quite sharp, and occurred over a 1-2°F range. Itwas
also reversible, i.e. the same transition temperature was obtained when the floating
stickie sank as the water was cooled. Results obtained from two locations are listed in
Table A-1, along with the temperature of the process water at that location. Note that
with one exception, the contaminants at the fine screen accepts have a higher transition
temperature than those at the front end, the magazine repulper. If the 91°F value is
omitted, then the average transition temperature rises from 109°F to 114°F. At the tran-
sition temperature, the stickie would have a specific gravity (p) of one, at which point the
cleaners would be transparent. Hence, the greater the difference between the transition
temperature and the process water temperature, the more efficient will be the centrifu-
gal separation.

The cleaners are run at a temperature of 123°F, so the stickies that survive
cleaning and screening will have p of slightly less than one. These are the troublesome
stickies, the ones most apt to be found in whitewater. Improving cleaner technology
target stickies whose specific gravities are very close to one, but there will always be a
window centered at p=1 that will defy separation. We offer an alternative.

Consider a situation where two reverse cleaners are operated at different tem-
peratures. A stickie of p=1 in one cleaner must have a different specific gravity in the
other, since the coefficient of thermal expansion of a stickie is much greater than that of
water. Hence, by mismatching temperatures, the p=1 window will be breached, and all
stickies can be potentially removed. The two-cleaner scenario is only provided as an
illustration; similar results will follow if the temperatures of the forward and reverse
cleaners are mismatched. There are several other possible configurations. Mismatch-
ing temperatures is central to the process, and there are several ways in which this can
be achieved. The easiest way would be to relocate one set of cleaners to a location
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Table A-1: Transition temperatures (°F) of stickies
fine screen accepts magazine repulper

91 91
109 95
108 99
118 104
119 104

average: 109 99

clnrtemp: 123

where the temperature difference between cleaners is maximized.

Mill descriptions
GNN Millinocket

Great Northern Paper's East Millinocket recycle mill produces 100% recycle DIP
from a furnish of 75% ONP and 25% OMG. The stock preparation line consists of an
alkaline loop and an acid loop for deinking and contaminant removal. Each loop has
separate white water circuits and clarification. The alkaline loop consists of coarse and
fine screens, multiple pressurized flotation cells, forward cleaners, thickener/washers
and refiners. The acid loop includes pressurized flotation cells, forward and through
cleaners, and thickener/washers. The white water is diluted with paper mill whitewater
to the desired consistency and pH for high-density storage.

Pulping is done under alkaline conditions in a continuous drum pulper, which is
followed by a high density cleaner, swelling chest, 0.050" coarse screens, and 0.004"
wedge slotted fine screens. The screens are followed by pressurized flotation cells for
deinking. Forward cleaners are then employed for "heavy" contaminant removal. The
pulp is then washed in a double nip thickener followed by a screw press. A refiner used
for dispersion completes the alkaline loop. The stock is subsequently diluted with acid
and acid loop whitewater, and then sent to flotation cells. Cleaning is accomplished
through forward and through hydrocyclones arranged in series. Again the stock is
washed with double nip thickener washers and screw pressed. The pulp is finally di-
luted with paper mill white water for high density storage.

Augusta Newsprint

Augusta Newsprint has a flotation deinking plant that produces 370 metric tons
per day. The recycle furnish consists of an 80/20 mix of ONP to OMG. The newsprint
and magazine are pulped separately in alkaline conditions (approx. pH=10.2, consist.
9.0%). They go through a high density cleaning stage, and are then blended together
prior to coarse screening. After the coarse screens, the pulp is sent through floatation
cells, reverse cleaners, an alkaline disk filter (thickener) and alkaline screw press (thick-
ener). The pulp is then acid shocked to a pH of approximately 5 and sent through the
forward cleaners and fines screens before it is thickened to go to the blend chest of the
paper machine. The paper mill has two Valmet Sym-Formers that produce recycled
content newsprint with a capacity of 1,045 metric tons per day, and uses 10 million gal-
lons per day of water.
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DUES-FUNDED PROJECT SUMMARY

Project Title: FLOTATION DEINKING FLUID MECHANICS
Project Code: DEINKFLOW
Project Number: FO0903
PAC: Recycle and Surface and Colloid Science
Division: Engineering
Project Staff
Faculty/Senior Staff: Ted Heindel
Staff: : Adele Emery, Krishna Maruvada, Fred Bloom (consultant)
FY 98-99 Budget: $155,445

Allocated as Matching Funds:
Time Allocation

Faculty/Senior Staff: Heindel - 40%

Support: Emery - 70%; Maruvada - 100% (1-15-98); Bloom - 10%
Supporting Research

M.S. Students: 3 IPST students

Ph.D. Students:

External: 1 AF&PA

1 RESEARCH LINE'ROADMAP:

Reduce and/or control contaminants (e.g., stickies, dyes, toners) in recycled fiber pulp using
break-through technologies to allow the interchange of recycled pulp with virgin pulp of similar
fiber make up at economical cost.

2 PROJECT OBJECTIVE:

The objective of this project is to increase flotation efficiency by maximizing contaminant
removal from wastepaper while minimizing fiber loss. This objective will be realized by
developing a better understanding of the fundamental fluid mechanic processes involved in
flotation separation.

3 PROJECT SUMMARY:

This report summarizes the progress of this study over the past year in the areas of
modeling the overall flotation separation process and measuring the bubble size distribution in a
pulp suspension.

Accurate microprocess probabilities are important to effectively model the overall flotation
macroprocess. During the past year, the flotation microprocess of collision has been revisited
and an exact expression for the probability of collision (P.) has been developed. Details of this
research can be found in Member Company Report 4 of this project [1]. Our exact expression for
P, only assumes that the bubble and particle are spherical and that R, < Rg. The expression
developed here removes the additional assumptions that are typically invoked in the literature
(i.e., Ry + Rg = Rg and (R,,/RB)a << (R/Rg)?). In addition to removing these restrictions from the
expression for P, we also include the possibility that the particle settling velocity may also
influence the collision probability.

The expression for P, developed in this research is a function of three dimensionless groups:
(i) the magnitude of the dimensionless particle settling velocity, |G|, (i) the bubble Reynolds
number, Reg; and (jii) the ratio of particle-to-bubble size, R;/Rg. This expression was then used
to predict P for selected parametric ranges of 0 < |G| <5, 0 < Reg < 500, and 0.001 <R /Rg < 1.

In general, P, is independent of Reg when R/Rg < 0.05 for all values of |G|. Conversely, P, is
not significantly influenced by |G| as R,/Rg — 1 for all values of Reg. The additional assumptions
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typically employed in the literature (i.e., R, + Rg = Rg and (Ry/Rg)® << (R/Rg)?) are valid only
when R,/Rg <0.05-0.1, depending on the values of |G| and Reg.

Finally, the new prediction for P, developed during the past year was compared to available
experimental P, data from the mineral processing industry. This new expression does a very
good job at predicting measured P, values. The inclusion of the particle settling velocity is very
important, particularly when the particles have a density much higher than that of water.
Additionally, the form of P, derived from basic principles in this report is much simpler than that
recently proposed by another researcher and it is just as accurate at predicting experimental
results.

The flotation microprocess of attachment by sliding has also been improved during the past
year. A closed-form approximation has been developed for the probability of attachment by
sliding (P,s). This new expression is an improvement in the P,y expression previously used, and
is a function of the various system parameters (e.g., bubble size, particle size and density, fluid
properties, etc.) and the liquid film thickness between the bubble and particle. This phase of the
research is detailed in Member Company Report 6 of this project [2]. Preliminary results reveal
that P,q is influenced by bubble and particle size and there may be a particular bubble/particle
size combination that maximizes P,

In the area of bubble size measurements, a large amount of qualitative and quantitative data
has been acquired concerning bubble size in a quiescent bubble column with four different
experimental systems: (1) ONP systems with various chemistries and chemistry concentrations;
(2) NBSK systems with various consistencies but no added chemistry; (3) a copy paper system
with no added chemistry; and (4) an ONP system with no added chemistry but a higher gas flow
rate. Details of this research effort have recently been presented in Member Company Report 5
of this project [3].

For the specific chemistries addressed here and added to an air/water system or an
airiwater/1% ONP (unprinted) system, the following general conclusions are realized:

« Increasing the BRD 2360 concentration (a fatty acid) results in negligible changes in average
bubble size, except for the 1% ONP with gasket air injection. It is hypothesized that this
change may be more a result of differences in the fiber network structure, and not BRD 2360
concentration.

« Increasing the BRD 2342 concentration (a nonionic surfactant) in the presence of 1% ONP
results in an increase in the average bubble diameter, with the sparger injection technique
producing larger bubbles than the gasket at Position 2. Clear trends are difficult to discern for
the 0% data.

+ Increasing the BRD 2363 concentration (a fatty acid/nonionic surfactant blend) results in a
general increase in the average bubble size in all systems addressed here, except the 1%
ONP sparger data.

« BRD 2342 produced the most foam of all three chemistries.

» By comparing the three different chemistries at fixed concentrations of 1.7 and 3.3 mlkg, the
BRD 2342 produces the smallest average bubble diameter for all systems addressed here,
except the 1% ONP sparger system, where the BRD 2342 produces the largest average
bubble diameter.

« Surface tension did not correlate the bubble results recorded in this study.

The northern bleached softwood kraft (NBSK) had a much longer fiber length than the ONP
used in this study. The longer fibers promoted fiber network formation and bubble coalescence.
The few, but large, bubbles recorded when the air flow rate is 0.25 slpm prevented statistically
significant results from being realized except at the very low fiber consistency of 0.1%.
Additional experiments were completed at an air flow rate of 2 slpm. General conclusions from
these results are: ;

 The higher gas flow rate promotes backmixed flow conditions where small bubbles descend
along the column sides and are eventually reentrained in the bulk rising column of air.

+ The sparger air injection technique results in a higher gas holdup when the air injection rate is
held constant at 2 slpm.
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« The average bubble size increases with NBSK fiber consistency.

« The gasket air injection technique produces larger average bubble diameters at Position 2 and
does not keep the fiber suspension well-mixed, which may lead to fiber network
nonuniformities and larger variations in the average bubble size and bubble size distribution.

- The sparger air injection technique produces a bimodal bubble size distribution, with the
majority of the bubbles in the size range less than 10 mm in diameter and a peak in the 2-3
mm range. The bubbles in this range all have the same average bubble size (~3 mm) for all
NBSK fiber consistencies addressed here, but the relative frequency decreases with
increasing consistency. Few bubbles are greater than 10 mm in diameter, but those that are,
are typically larger than 25 mm. The number of bubbles that fall in this category increases
with increasing NBSK consistency. These larger bubbles also play an important role by
acting as mobile mixers, which keep the smaller bubbles uniform and the fiber suspension
well-mixed and homogeneous.

The 1% copy paper system produced similar results to those obtained with 1% NBSK,
implying that the NBSK results are representative of those obtained with typical copy paper
found in recycling office-type printing and writing grade papers for the conditions of this study.

Flow patterns observed with the 1% ONP system with an air injection rate of 2 slpm are
similar to those produced by the 1% NBSK system. However, the average bubble size was
smaller with the ONP system. The bimodal bubble size distribution is also observed with the 1%
ONP and sparger system with the air injection rate of 2 sipm, but the number of bubbles larger
than 10 mm is much smaller than that produced with 1% NBSK.

This status report will highlight the results from this research effort during the past year.
Specific details can be found in the three Member Company Reports mentioned above [1-3].

4 PROJECT BACKGROUNb and DISCUSSION:

4.1 Flotation Modeling

The flotation separation macroprocess is composed of a series of four microprocesses that
must take place in sequence for the successful removal of a contaminant particle by an air
bubble. These microprocesses include: (i) capture or collision of the ink particle by an air bubble;
(i) adhesion of the ink particle to the air bubble as it slides over the bubble surface; (jij) extension
of a three-phase contact at the bubble/particle/iquid interface; and (iv) stabilization/
destabilization of the bubble/particle aggregate. Member Company Report 1 of this project [4]
summarized the microprocesses in great detail and presented available probability equations for
each microprocess. These microprocess probabilities were used to develop a first-generation
kinetic-type model of the overall flotation process, which was also elaborated upon in Member
Company Report 1 [4]. The model is governed by two kinetic constants that are functions of the
various microprocess probabilities, and was used in Member Company Report 2 of this research
effort to predict flotation efficiency and other flotation performance parameters for selected
parametric ranges [5]. Work during the past year in the flotation modeling aspect of this project
included refinement of the microprocess probabilities of the collision (P.) and adhesion by sliding
(P,s), and the initiation of model validation studies. This work is summarized in the following
sections. '

4.1.1 Probability of Collision Improvements

Improvements to the probability of collision (P.) model have recently been summarized in
Member Company Report 4 of this project [1]. Material highlights will be presented here.

The probability of collision is typically modeled by assuming a particular fluid flow field a
particle is in as it flows toward a bubble. The particle is generally assumed to follow potential
flow conditions,-Stokes flow conditions, or an intermediate flow condition between potential and
Stokes flow. The intermediate flow field is typically assumed to follow that proposed by Yoon
and Luttrell [6]. The influence these flows have on P, is shown in Fig. 1. Stokes flow
corresponds to the intermediate flow of Yoon and Luttrell [6] when Reg = 0 and this flow
predicts the lowest value for P, for all R/Rg < 1, with P, increasing as R,/Rg increases. The
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values of P, predicted for intermediate flow are a function of Reg and selected Reg values are
shown in Fig. 1 for Reg < 500. The applicability of these results at Reg = 500 is questionable
because they were developed for 0 < Reg < 100; however, Yoon and Luttrell [6] state that it
“may be applicable for Reg > 100, although no experimental (streamline) data [were] available in
the present work.” This figure also reveals that P, increases as Reg increases for a fixed Ry/Rg,
and these values run parallel to those predicted for Stokes flow. Potential flow predictions are
also shown in Fig. 1 for completeness. Potential flow predicts the highest values for P. when

R/Rs < 0.1. One interesting result from this figure is that all three flow conditions predict values
for P, > 1 as R/Rg — 1. This is the result of two assumptions that have been applied in these
derivations, but not emphasized. These assumptions are

Ry +Rs~Rs (1)

3@

Using the intermediate flow of Yoon and Luttrell [6], we have removed these two
assumptions to yield results presented in Fig. 2. The exact and approximate solutions follow
closely to one another for small values of R/Rg, and at R/Rg = 0.1, the approximate solution
presented by Yoon and Luttrell [6] over predicts P, by approximately 25% when Reg = 0 and by
more than 35% when Reg = 500. Increasing R,/Rg further toward 1 increases this difference. By
employing the flow of Yoon and Luttrell [6] in the development of the exact solution for P, the
predictions are valid for Reg < 100, but their utility is again suspect for Reg > 100. However,
calculations are shown for Reg = 500 to reveal that the same trends are followed and unrealistic
predictions (P, > 1) result only when Ry/Rg 2 0.3 and Reg = 500. This result will be further
discussed below.

Another parameter that is typically neglected in modeling the collision process between a
particle and bubble is the particle settling velocity due to the inertial force. We have included this
force in our improved model for P, to yield an exact resuit of [1]

¢

Rk 2[( %1)+ 1]3 2[%]3 ”(%Jz

®)

Rs

where |G| is the magnitude of the dimensionless particle settling velocity and Reg is the bubble
Reynolds number. This model does not assume Egs. (1) and (2) are valid. The parameters in Eq.
(3) are described by
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with  Ar = Archimedes number
g = acceleration due to gravity
Reg = bubble Reynolds number
Re, = particle Reynolds number
Rg = bubble radius
R, = particle radius
Vs = particle settling velocity (= A 0,,)
,, = particle settling velocity in Stokes flow
vg = bubble rise velocity
A = dimensionless friction factor representing the deviation from Stokes flow
1, = dynamic viscosity
v, = kinematic viscosity
p, = fluid density
pp = particle density

Hence, Figs. 1 and 2 correspond to the exact solution for P, with |G| = 0.
The effect Reg has on P, is shown in Fig. 3 for |G| = 0.1. This figure represents the general
trends observed when Reg is varied with different values of |G|. The bubble Reynolds number

has a negligible effect on the P, predictions when R/Rg < 0.05, and P is constant for a given
value of |G|, with a higher constant value of P, corresponding to larger values of |G| [1]. When
R./Rs 2 0.05, P, increases exponentially with increasing R;/Rg. Additionally, the increase in P, is

more abrupt as Reg increases. When R/Rg = 1, P, < 1 for Reg < 100. As previously stated, these
predictions are questionable when Reg > 100 because the stream function used to generate this

prediction included data only up to Reg = 100 [6]. In our predictions, when Reg = 500 and Ry/Rs 2

0.3, P. > 1, but I'-"c is independent of Reg when R/Rs < 0.05 and Eq. (3) can be used outside its

given Reg range under these specific conditions.
Figure 4 shows the effect |G| has on P, for Reg = 10 and represents general trends. The
approximate solution assumes Egs. (1) and (2) are valid, which is the result found in Yoon and
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Luttrell [6], with the inclusion of the particle settling velocity (|G|). This figure reveals that particle
settling velocity is important, and Egs. (1) and (2) are valid at small values of R/Rg. Conversely,
as R/Rg — 1, Egs. (1) and (2) are not applicable and the inclusion of |G| has only a secondary

effect.

Additional calculations have been performed for fixed values of Ry/Rg when both |G| and Reg
are varied. A sample of the resultant contour plots is shown in Fig. 5 for R/Rg = 0.1, where the
contour lines represent P, values with logarithmic increments. For small Reg, P; is a strong
function of |G|. As Reg increases, P, is independent of |G| when |G| is small. At large |G|, P. is
independent of Reg for all values.

Direct experimental observations of the collision process are very complicated because it is
difficult to isolate this microprocess from the other microprocesses in actual flotation separation.
However, attempts to experimentally record P, have been made by a few researchers
addressing mineral flotation [6-11]. We compared our predictions for P, with this available
experimental data in [1]. Figure 6 shows one such comparison with the quartz data of Nguyen-
Van [9]. Nguyen-Van [9] also developed a rather complicated expression for P, which is
summarized in [1] and is also shown in Fig. 6. Our P, prediction has a much simpler form and
does a good job at following the experimental data. The largest discrepancy is at the largest Rg
values, but this is still within ~25% of the experimental data. This deviation between our
predictions and the experimental data may be due to the collision angle having an effect at these
conditions. Predictions of P, assuming Egs. (1) and (2) are valid, but |G| # 0, are also shown in
Fig. 6. This result does not significantly differ from that of the exact solution because the
experimental conditions satisfy the assumptions incorporated into the approximations. The
predictions of Yoon and Luttrell [6] are also shown in Fig. 6 and do not predict the experimental
results very well, indicating that |G| has a significant effect for these experimental conditions.

4.1.2 Probability of Adhesion Improvements

Particle attachment by sliding over the bubble surface is probably the single most important
microprocess in the overall flotation macroprocess, and it is also possibly the most complicated.
We have recently developed a closed-form approximation for P,q, the probability of attachment
by sliding, which is a function of the various system parameters and the liquid film thickness
between the bubble and particle. Details of this expression can be found in Member Company
Report 6 of this research [2], and a summary will only be provided here. The expression for P,

has the form
cod d 2] _R_JCtoRe+R)| hy }
o e"HQIM&JI KR +R,) | Nec ‘] (19

where A represents the deviation of the particle friction factor from that corresponding to Stokes

flow; Cg gauges the mobility of the bubble surface; R, and Rg are the particle and bubble radii,
respectively; G is the dimensionless particle settling velocity; g(Rs + R;) and k(Rg + R,) are
functions of (Rg + R;) and correspond to intermediate flow of Yoon and Luttrell [6]; and hy/h. is
the ratio of initial-to-critical film thickness of the fluid separating the particle and bubble. The
equations for A and G have been presented above, the remaining values are expressed by

G =1 rigid bubble surface
= 4; mobile bubble surface

(11
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Using Eq. (10), P,y has been calculated for a variety of conditions. In these calculations, the

bubble rise velocity has been determined by curve-fitting the data presented by Clift et al. [12] for
contaminated water systems to generate a relationship for vg as a function of Rg (see, for

example, [5], Fig. 2), Cg was fixed to correspond to a rigid bubble surface (Cg = 1) since the
system typically contains surfactants, and the fluid properties correspond to those of water.
Hence, P,q is only a function of Rg, R,, p,, and ho/h.;. However, Schulze [13] has indicated that
he is a function of particle diameter, viscosity, particle settling velocity, surface tension, and
surface mobility, and it depends on the specific system of interest. In the preliminary calculations
shown here, we have assumed that h, is independent of these variables. More details are
presented in [2].

Figure 7 displays P, as a function of bubble radius for selected particle radii and fixed
conditions of hy/h, =5 and p, = 1.3 g/cm?. The large filled circles on the R, = 200, 300, and 500
um curves represent conditions when R, = R, values where calculations are terminated (i.e.,
the model is valid for R, < Rg). As shown, P,y covers over four orders of magnitude, depending
on R, with smaller P, corresponding to smaller R,. Also, P,y decreases with increasing Rg,
with the largest decline at R, = 100 um. Additionally, for very small or very large R, P,y is not a
strong function of Rg.

The latter trend is apparent in Fig. 8, where P,q is shown as a function of R, for selected Rg
and fixed hy/hy =5 and p, = 1.3 g/cm?®. Again, the large filled circles represent conditions when

R, = Re. For a fixed particle radius, P,y increases with decreasing Rg. However, when R, is very
small, P, is almost independent of Rg with P,y = 0.00033 at R, = 1 um and the other conditions

as given. P,y does not increase substantially until R; > 10 um for Rg = 0.1 mm and R; > 100 um

forRg=5mm.
Figure 9 shows the influence particle density has on P,q for fixed Rg = 0.5 mm, R, = 50 um,

and hy/h,y = 5. As the particle density increases, P,y increases. This is expected since
increasing the particle density will increase the particle settling velocity and allow the inertia
force to bring the particle closer to the bubble, promoting attachment by sliding.

At the time of this status report writing (February 9, 1998), additional P,q figures were being
generated and parametric influences on h, and/or h.; were being researched. Details can be
found in Member Company Report 6 of this project [2].

4.1.3 Model Validation Status
Dr. Krishna Maruvada joined our research group as a Post Doc on January 15, 1998 and has
a charge to conduct model validation experiments for our first-generation flotation model. The
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model is a two parameter population balance-type kinetic model for the removal of contaminant
particles from waste paper. The formation of a bubble-particle aggregate has been modeled as a
first order reversible reaction with two rate constants, k, and k; of the forward and reverse
reactions, respectively. These two constants depend upon the physical properties of the
system, as well as on various other parameters such as bubble size, particle size, particle
density and the hydrodynamic conditions in the flotation cell [4, 5]. To validate this model, we
propose to conduct experiments under carefully controlled conditions so that the dependence of
the two parameters can be studied as a function of various system variables.

As a preliminary step, we have analyzed available flotation deinking data in light of our model.
Vidotti et al. [14] have recently published experimental results for the deinking of office paper.
Four different paper samples containing the same number of printed characters were repulped
under defined standard conditions. The four experiments differ from each other in the way the
paper was printed. Two were printed using laser printers (HP-3LP and HP-4LP) and the
remaining two were printed using copy machines (Cannon and Toshiba). Flotation experiments
were conducted in a pilot plant for each of these samples. Handsheets of the feed stock and
flotation accepts were analyzed by image analysis to determine the particle size distribution.

The following procedure is adopted for our analysis of the Vidotti et al. [14] data. For each

size range, Vidotti et al. [14] tabulated the number of free ink particles (n:,) per 10 cm? in the

flotation accepts as a function of time (t). Since the original number of particles in each size
range are known from the feed concentration, the number density which is given by the
following equation can be calculated and is plotted as a function of time.

(9
t) = —Fr— 14
=g (14)
Our theoretical model predicts that the rate of change of particle number density depends on the
two model parameters as given by [5, 15]

%I—=—lqnpyz(t)+[k|(np—l'\3)—kz}Y(t)+kz (15)

Hence from the experimental data, the rate of change of particle number density is plotted as a
function of the number density y and a second degree polynomial is fitted to the resulting curve.

From the coefficients of the fitted polynomial the values for the model parameters (k; and k;) are
obtained for each size range.

The results from this analysis of the four samples are plotted and given below. Figure 10
presents the dependence of k;, the kinetic constant representing particle removal, on the particle
size. Since k, and k;, are obtained by quadratic regression, the experimental data is statistically
insufficient to draw any quantitative conclusions regarding their dependence on the size of the
ink particle. However, the following qualitative observations can be made:

() k, is positive indicating that the formation of the bubble particle aggregate is favored for

all particle sizes presented above.

(ii) k4 is small when the particle diameter is small and increases with the particle size.

These observations are qualitatively in agreement with the predictions of our model.
According to the model, k, is a product of the probabilities of various microprocesses. The
probability of capture indicates that for a given bubble size the probability increases with the
particle size. Accordingly, for small particles the probability is low and consequently k; is small.
Hence, for small particles, the model agrees with the experimental observations. As a next step,
the model predictions for k; will be generated for the given experimental conditions so that a
quantitative comparison can be made.

Figure 11 indicates the dependence of k, on particle diameter. Although the data appear to be
scattered, it may be observed that most of the values for k, in the figure are negative. However,
in our model k, is a kinetic constant representing the destruction of bubble/particle aggregates
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and is a positive number. The negative value physically implies that k, = 0 and the bubble/particie
aggregate is very stable for the flotation conditions of Vidotti et al. [14]. Considering that the size
of the bubble in their experiments is of the order of 2 mm, we may expect that bubble/particle
aggregate to remain stable for small particle diameters.

At the time of this report writing, an experimental plan was being developed in which a series
of controlled experiments will be conducted in our laboratory to systematically study the
dependence of various variables on the model parameters and overall flotation efficiency. One
possible approach is to identify a material that has similar physical and surface properties to that
of toner particles, but can be obtained in various uniform sizes in the particle size range
applicable to flotation deinking. This material would then be added to a clean fiber slurry and
flotation experiments will be performed to determine removal efficiencies. Alternatively, real
recycled office paper will be repulped using standard TAPPI procedures, which will then be
used for the flotation experiments. Handsheets will be prepared from the flotation accepts and
number of ink particles present will be counted using image analysis. This latter approach is more
realistic, but initial particle size is more difficult to control.

As a first step in our experimental program, we plan to investigate the influence of bubble
size on the overall flotation efficiency and compare the experimental results with our model
predictions. One of the ways to study the dependence of bubble size is by using different kinds
of surfactants. Each surfactant has a specific critical micelle concentration which uniquely
determines the corresponding surface tension. The equilibrium surface tension can be measured
by the DCA (Dynamic contact angle analyzer) which is available at IPST. By using an appropriate
constant gas injection rate and impeller speed, such that the air bubbles formed will remain in
equilibrium with the bulk solution, bubbles of different sizes can be created by changing the
surfactants. Flotation efficiencies will be plotted as a function of bubble size while keeping all
other parameters constant and compared to model predictions.

4.1.4 Modeling Summary

Research during the past year in flotation modeling has focused on improving the
microprocess probability predictions of capture (P,) and adhesion by sliding (P,s), as well as
model validation experiments. Member Company Reports 4 and 6 [1, 2] of this research detail the
efforts in the P, and P,y improvements, respectively. The model validation experiments were
delayed until late January. However, with the arrival of Dr. Maruvada in January, the model
validation experiments are currently underway.

4.2 Bubble Size Measurements

Bubble size is important for effective flotation deinking. Member Company Report 3 of this
project [16] summarized a method to visualize bubble dynamics and measure bubble size
distributions in a fiber suspension at consistencies typical of flotation deinking. Initial results were
also presented for bubble size measurements in an ONP system without added system
chemistry. During the past year, experiments were performed to determine the bubble size in a
quiescent bubble column with four different experimental systems: (1) ONP systems with
various chemistries and chemistry concentrations; (2) NBSK systems with various consistencies
but no added chemistry; (3) a copy paper system with no added chemistry; and (4) an ONP
system with no added chemistry but a higher gas flow rate. Table 1 summarizes all experimental
conditions addressed during this time. Specific details of this portion of the project have recently
been reported in Member Company Report 5 of this project [3]. This section will highlight the
conclusions of this report.
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Table 1:  Experimental conditions addressed in Member Company Report 5.

System Consistency Air Flow Rate (slpm) System Chemistry
Water only 0% 0.25 None added
Water only 0% 0.25 BRD 2360 - 1.7 ml/kg
Water only 0% 0.25 BRD 2360 - 3.3 ml/kg
Water only 0% 0.25 BRD 2360 - 6.7 ml/kg
Water only 0% 0.25 BRD 2342 - 1.7 ml/kg
Water only 0% 0.25 BRD 2342 - 3.3 mlkg
Water only 0% 0.25 BRD 2363 - 1.7 mi/kg
Water only 0% 0.25 BRD 2363 - 3.3 ml/kg
Water only 0% 20 None added
ONP 1% 0.25 None added
ONP 1% 0.25 BRD 2360 - 1.7 ml/kg
ONP 1% 0.25 BRD 2360 - 3.3 ml/kg
ONP 1% 0.25 BRD 2360 - 6.7 ml/kg
ONP 1% 0.25 BRD 2342 - 1.7 ml/kg
ONP 1% 0.25 BRD 2342 - 3.3 ml/kg
ONP 1% 0.25 BRD 2363 - 1.7 ml/kg
ONP 1% 0.25 BRD 2363 - 3.3 ml/kg
ONP 1% 20 None added
NBSK 0.1% 0.25 None added
NBSK 0.5% 0.25 None added
NBSK 0.5% 20 None added
NBSK 1.0% 20 None added
NBSK 1.5% 20 None added
Copy Paper 1% _ 20 None added

4.2.1 Effect of System Chemistry

The effect of system chemistry conditions on bubble size in an ONP suspension was
addressed by modifying an air/water/1% ONP fiber system with three different deinking
chemistries: (i) BRD 2360, a fatty acid; (ii) BRD 2342, a nonionic surfactant; and (iii) BRD 2363, a
fatty acid/nonionic surfactant blend. All system chemistry variations were investigated in 0 and
1% ONP consistency systems. The 0% consistency system corresponds to an air/water
system, where the chemical concentration is based on the mass of dry fiber in the 1% ONP
system. Additionally, all tests were conducted at a constant air flow rate of 0.25 slpm, and both
the gasket and sparger air injection techniques were investigated. Specific experimental details
can be found in [3].

The average bubble diameters at Position 2 in our bubble column are summarized in Fig. 12 as
a function of BRD 2360 concentration (the fatty acid). The typical chemical concentration of 3.3

Confidential Information - Not for Public Disclosure
(For IPST Member Company’s Internal Use Only)



Project F00903 35 Status Report

mlkg (6 Ibs/ton) is recommended by the chemical supplier (Buckman Laboratories) for ONP
deinking, and this concentration is identified for reference. It appears that only the gasket at 1%
ONP consistency is significantly affected by the BRD 2360 concentration. This may be more of a
function of the physical system than chemical concentration. In the air/water system, the
average bubble diameter is not significantly affected by the BRD 2360 concentration for either air
injection method because the bubbles are free to disperse and coalescence is limited. When 1%
ONP is added to the system, the average bubble diameter increases, but it is relatively
unaffected by BRD 2360 concentration when the sparger air injection technique is used. This is
because the sparger head allows air into the system over a relatively large surface area. The
bubbles require a sufficient buoyant force to rise through the fiber network, resulting in the
increased bubble diameter. Since they enter the system at different locations along the sparger
head, depending on the path of lowest pressure drop, the 1% fiber suspension remains fairly
well-mixed and the bubble diameters remain uniform for each system chemical concentration. In
contrast, for the gasket air injection technique, air enters the system through a single port. The
air bubbles again must have a sufficient buoyant force to rise through the fiber network. If the
system does not remain well-mixed, a fiber network slightly different from the previous test
condition may form, which may require larger (or smaller) bubbles to break through this network.
It is hypothesized that this type of system was present at 3.3 ml/kg of BRD 2360 with the gasket
air injection, resulting in a significant change in average bubble diameter.

Figure 13 shows the average bubble diameters as a function of BRD 2342 concentration (the
nonionic surfactant). As expected, the 1% ONP results yield larger average bubble diameters
than the air/water systems (0% consistency) for all test conditions. In the air/water system, the
sparger results show a slight increase in bubble size when the BRD 2342 concentration
increases. The gasket data do not follow this trend. When 1% ONP is added to the system, the
average bubble size reveals an increasing trend with increasing BRD 2342 concentration for
both air injection techniques. Additionally, on average, the sparger produces larger bubbles than
the gasket at Position 2.

A plot of average bubble size as a function of BRD 2363 concentration (the fatty acid/
nonionic surfactant blend) is shown in Fig. 14. Although there are significant standard deviations
associated with each average bubble size measurement, as shown in the figures associated
with [3], a general trend of increasing average bubble size with increasing BRD 2363
concentration is revealed for all test conditions, except the 1% ONP sparger data.

Figure 15 shows the average bubble diameters for the three different chemistries at a
concentration of 1.7 mlkg. Focusing on the gasket results, the average bubble size trends for
the 0 and 1% ONP consistency systems coincide when the chemistry type is altered. In contrast,
when the sparger is used as the air injection technique, the average bubble size trends for the 0
and 1% ONP systems counter one another when the system chemistry changes. The results
reveal that BRD 2342 produced the largest average bubble diameters at 1% ONP with the
sparger air injection technique. For all other systems, this trend is reversed and BRD 2342
results in the smallest average bubble size. Similar trends are revealed when the chemical
concentration is 3.3 mi/kg (Fig. 16).

It was suggested by various PAC members that surface tension may be a significant
parameter and may make it difficult to determine specific chemistry effects. This was not
recorded for the specific samples utilized in these experiments (but will be recorded for all future
experiments). To determine what effect, if any, surface tension has on the bubble size in the
air/water system, the various chemicals addressed in this study were individually added to
deionized water in the specified concentration. The surface tension was measured with a
Wilhelmy plate balance. In general, the higher the chemical concentration, the lower the surface
tension, indicating that the CMC (critical micelle concentration) was not reached [17].

Figure 17 is a plot of average bubble size obtained in our experiments as a function of
surface tension and shows no significant trends. In bubble size studies in air/water systems by
other researchers, the effect of surfactants is not clear. Kim et al. [18] cite prior work they
completed where increasing the surface tension increased the bubble size only by a small
amount. Nicol and Davidson [19] state that surfactants stabilize the bubble surface and hinder
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bubble coalescence, so their presence should reduce the mean bubble size, assuming
considerable bubble coalescence would occur without the added surfactant. This type of
system was not observed in our quiescent bubble column. Additionally, Schulze [20] provides a
relationship between bubble size, surface tension, fluid density, and mixing intensity which
would indicate bubble size should decrease with decreasing surface tension. In contrast, Lin et
al. [21] conclude that bubble diameter is a complex function of surface tension, fluid density,
bubble contact diameter at the injection port, and contact angle at the bubble-fluid-solid interface
(i.e., the injector location). They further remark that the dominant factor influencing the bubble
size in their system is the contact angle, measured in the fluid at the orifice surface. Therefore,
bubble size is influenced strongly by the surface energy of the injection port. Based on this
literature, and as shown in this study, bubble size is not a simple function of surface tension.

It was also suggested by PAC members that viscosity may also play a significant role and
should be measured for each system. However, fluid viscosity measurements in dilute fiber
systems (~1%) are difficult with common viscometers because these devices require the
medium to be continuous at dimensions similar to those of individual fibers. The 1% ONP system
used in this study does not satisfy this requirement. Additionally, Chase et al. [22] have indicated
that using rotational viscometers, such as the cup and bob, cone and plate, or spindle types,
resulted in apparent viscosity measurements approaching that of water when testing pulp
suspensions at consistencies as high as 1.5%. They also record viscosities close to that of
water for hardwood pulps with consistencies less than 3% and a freeness of 300-400 ml CSF.
These measurements were recorded in a rotating viscometer they developed. Therefore,
viscosity may not be the most appropriate measure to determine the effect the fibers have on
bubble formation. The crowding factor [23-26] may be a better measure of fiber-fiber interactions
and their effect on bubble size. Research in this area will commence during 1998-1999.

4.2.2 Effect of Fiber Type

Experiments in a quiescent bubble column using northern bleached softwood kraft (NBSK),
copy paper, and ONP have also been completed to determine if various fiber types have a
significant influence on the recorded bubble diameters. The weight-weighted average fiber
length and ash content of the fibers used in this portion of the study are summarized in Table 2.
Deionized water was used as the fiber suspending fluid and no additional chemistry was added
to the various systems.

Table2: Fiber length and ash content of the fiber types used in this study.

Average Fiber Length (mm) Ash Content (%)
ONP 1.4 0.7
NBSK 2.8 0.3
Copy Paper 20 6.6

Experiments were first conducted in NBSK with an air flow rate of 0.25 slpm. These longer
fibers produced large, infrequent bubbles at this air flow rate. Therefore, a series of experiments
were completed in which an air flow rate of 2 slpm was used in the quiescent bubble column.
This air flow rate will be used to compare fiber type effects. Detailed results can be found in [3].

Flash x-rays were taken of a NBSK system at consistencies of 0, 0.5, 1.0 and 1.5% and an
air flow rate of 2 slpm. Both the gasket and sparger air injection technique were used in these
experiments. Figure 18 shows the x-ray composite for the air/water system at 2 sipm with the
sparger air injection. The Tygon tubing used as the air line is clearly visible on the left-hand side
of the column. Many bubbles are observed with this type of air injection, as indicated by the
many dark regions on the radiographs. These bubbles are rather small and rise in a turbulent
fashion and encompass the entire column width. The many rising bubbles carry small amounts of
fluid in their wakes as they rise, moving the fluid from the column bottom to the top. Due to
continuity considerations, this fluid is replaced by fluid descending along the column sides. This
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general phenomenon is typically termed backmixing and results in the many small bubbles
recorded on the left-hand side of Position 1 in Fig. 18. The many small bubbles that descend in
the backmixed flow are eventually entrained in the bulk rising column of air. The large number of
bubbles and backmixing have a visible effect on the gas holdup of the system, defined as the
percent gas by volume, and results in a considerable increase in the height at the air/liquid
interface. The increase in fluid height to approximately 84 cm results in a gas holdup of almost
5% for these conditions.

Adding 1.0% NBSK into the system with sparger air injection results in a significant change in
flow conditions (Fig. 19). Many small bubbles are still present, but periodically very large bubbles
develop near the sparger head and rise through the system. The bulk rising air flow oscillates in
a serpentine fashion, and the larger bubbles follow this pattern. Some of the smaller bubbles are
caught in the backmixed flow, but are eventually entrained in the bulk flow. The increase in gas
holdup is clearly visible, but its value is difficult to determine due to the waviness at the air/liquid
interface. This is caused by the large bubbles breaking through the surface, which is just about
to happen in Fig. 19 at Position 4 as three large bubbles are just about to disrupt the air/liquid
interface and exit the system.

Figure 20 shows the bubble size distributions acquired with the sparger air injector at
Position 2 in the bubble column. The average bubble size and standard deviation increase with
increasing NBSK consistency, but this is primarily the result of the increase in the number of very
large bubbles as the consistency increases. Most of the large bubbles have an equivalent
diameter greater than 25 mm. Since the column thickness is only 20 mm, these bubbles can span
the entire column depth if they are spherical and the equivalent bubble diameter for these large
bubbles is not the appropriate term. (Recall, by definition, the equivalent bubble diameter is the
diameter of the circle whose area equals that of the bubble area recorded on the x-ray film.)
Although the number of these bubbles is rather small compared to the entire bubble population,
the number clearly increases with increasing consistency. One very apparent feature of Fig. 20
is that the bubble size distribution is bimodal; there is a range of small bubbles and a range of
very large bubbles, but few bubbles in the intermediate size range. The distribution of small
bubbles (bubble diameters less than approximately 10 mm) is similar as NBSK consistency
increases, with a peak in all cases in the 2-3 mm range. The main difference is that the
magnitude of the peak decreases as NBSK consistency increases, and is due to the increase in
the number of bubbles greater than 25 mm as consistency increases. Focusing on bubble
diameters that are less than 10 mm and neglecting those that are greater, averages can be
generated. For each test condition, the average is 3.0, 3.0, 3.0, and 3.3 mm for the O, 0.5, 1.0,
and 1.5% consistency systems, respectively, indicating the uniformity in this region.

Although the sparger produces few very large bubbles, which increase in number as the
NBSK consistency increases, these large bubbles serve a very important function. They act as
“mobile mixers” in this fiber suspension and maintain a uniform system throughout the bubble
column. This allows for the majority of the bubbles to remain relatively small and free to move
through the system. In terms of flotation deinking cells, the small bubbles would capture ink
particles, and the large bubbles would keep the suspension homogeneous by preventing fiber
network and air channel formation.

The average bubble size as a function of fiber consistency is shown in Fig. 21 for the NBSK
results. The ONP results reported in [16] with no added system chemistry are also included for
reference, although they correspond to an air injection rate of 0.25 slpm. Focusing on the NBSK
results, the gasket injection technique produces a larger average bubble diameter for all
consistencies addressed. The large average bubble diameter at 1% NBSK from the gasket
injection is hypothesized to be the result of nonuniform fiber networks between the various
consistencies. There is, however, a general trend of increasing bubble diameter with increasing
consistency. This trend is more apparent with the sparger air injection technique. As discussed
above, the increase in average bubble diameter for the sparger with increasing consistency is
due to the increase in the number of large bubbles, but constitutes a small percentage of the
overall bubble population.
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Additional bubble size measurements were obtained in a 1% unprinted copy paper (Union
Camp Yorktown xerographic paper as supplied to IPST) and ONP system with a 2 slpm air
injection rate and compared to the 1% NBSK system. The bubble size distributions for the NBSK
and copy paper system are very comparable when the gasket air injection is used (Fig. 22). The
ONP system produces a smaller average bubble size and the bubble size distribution is shifted to
much smaller bubble sizes.

Figure 23 reveals the bubble size distributions when the sparger air injection is used. Again,
the NBSK and copy paper system reveal similar distributions and average bubble diameters.
Additionally, the ONP system produces a similar distribution, that is, most of the bubbles for all
systems are confined to bubble diameters less than approximately 10 mm. The differences
between the ONP and chemical pulp systems are found outside this range, where a few bubbles
are found. The ONP system has approximately 1% of its bubble population with a diameter
greater than 10 mm, but these few bubbles are spread out over a variety of diameters. In
contrast, the NBSK system has approximately 5% of its bubble population with diameters greater
than 10 mm, with 3% greater than 25 mm. The few, but very large, bubbles in the NBSK system
cause the average bubble diameter to be larger than that recorded for the ONP system. One
significant feature Fig. 23 displays is the importance of these few large bubbles; they create a
uniform system that helps maintain the majority of the bubbles in a relatively narrow bubble size
distribution, regardless of fiber type.

4.2.3 Bubble Size Measurements Summary

A large amount of bubble size data have been obtained over the past year and details are
provided in [3]. For the specific chemistries addressed here and added to an air/water system or
an air/water/1% ONP system, clear trends were difficult to ascertain due to the variations in the
fiber network structure for the different test conditions. However, in general, the nonionic
surfactant produced smaller average bubble diameters, but variations in the general trends were
observed.

The northern bleached softwood kraft (NBSK) studies were conducted at an air flow rate of
2 slpm, which produced severe backmixing. This resulted in the sparger air injection technique
yielding a higher gas holdup and a bimodal bubble size distribution, with the majority of the
bubbles in the size range less than 10 mm in diameter and a peak in the 2-3 mm range. The
bubbles in this range all have the same average bubble size (~3 mm) for all NBSK fiber
consistencies addressed here, but the relative frequency decreases with increasing
consistency. Few bubbles are greater than 10 mm in diameter, but there are those that are
typically larger than 25 mm. The number of bubbles that fall in this category increases with
increasing NBSK consistency. These larger bubbles play an important role by acting as mobile
mixers, which keeps the smaller bubbles uniform and the fiber suspension well-mixed and
homogeneous. Also, the average bubble size increases with NBSK fiber consistency.

Results for 1% copy paper and 1% ONP systems with an air injection rate of 2 slpm were
also obtained and compared to those from 1% NBSK. The most significant difference was that
the ONP system produced the smallest average bubble size.

424 FXR Flow Loop Status

Future bubble size measurement work utilizing the flash x-ray equipment will focus on
cocurrent bubble columns, where the gas and fiber slurry is rising through the test section. This
will be accomplished with a recently completed flow loop, schematically shown in Fig. 24. The
flow loop consists of two baffled holding tanks to allow any gas in the system to escape, a
pump, a flow meter, associated plumbing, and a bubble column. The bubble column consists of
two 1 m sections attached end-to-end with interior dimensions 10 cm x 2 cm. A fiber slurry will

travel from the column bottom to the top, and air will be injected at the column base. The flow
loop will ensure that a uniform fiber suspension is maintained because of the continuous mixing.
The cocurrent flow loop is designed such that countercurrent flow could be produced, or, with
slight modifications to the framing, the column could be orientated horizontally. Tests will be
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conducted to determine the effect of stock flow rate on bubble size. The fiber crowding factor
will also be addressed, and surface tension will be recorded for all experimental conditions. X-
rays will be taken at selected locations, and image analysis will be performed to determine the
equivalent bubble diameters.

4.3 NEW DEINKING TECHNOLOGIES

| have been asked to summarize the latest deinking technologies (N. Sanders November 24,
1997 memo) for the PAC. Of specific interest was the Regenex and packed column technologies.
However, information pertaining to packed column deinking technology was not available in the
open literature. Regenex provided a packet of product literature, which also included a video of
the process [27].

The Regenex technology is termed a Continuous Batch Fiber Recovery System (CBFRS) and
was adapted from industrial textile and linen laundering operations. The system consists of a
series of interconnected cylindrical modules which oscillate in synchronization. Material is
transferred from module to module during processing (i.e., each module is one batch, but is
processed in series producing a continuous operation). Each individual module can be likened to
a small reaction vessel where temperature, chemistry, and consistency can be well-controlled.
Any required water is also controlled and flows counter to the material flow.

With a modular design, the Regenex product literature states that paper recycling systems
can be designed for as small as 3 tpd or as large as 200-300 tpd. The modular design also
allows for greater flexibility so that one system can be configured to process multiple recovered
paper grades at different times. Regenex claims that the system has been especially effective in
deinking mixed office paper, mik carton stock, aseptic packaging, and old newspapers.
According to Regenex, the benefits of this system over traditional technologies include:

« A much lower paper demand over conventional deinking systems (approximately 150
kW/hour/ton).

+ Lower engineering, construction, and maintenance costs due to the modular design and skid-
mounted system.

« Capacity is easily increased by installing additional modules or processing lines.

+ Stock transfer is simplified, eliminating piping, values, pumps, and storage tanks.

+ Bleaching is easily integrated into the modular system.

Overall, the Regenex system would work well to recover fiber from very specialized
recovered paper stocks which may be highly contaminated. Alternatively, it could also be
considered if an incremental increase in recycling capacity is required.

In addition to the Regenex technology, a search of recent patents in the area of deinking
equipment has identified two additional technologies that are typically not found in traditional
recycling operations. Extraction technology was utilized by Walker [28] to remove soluble ink
(i.e., water-based) from newsprint. This is an extension of screw-press technology. Marwah
and Gold [29, 30] indicate that magnetic separation may be used to remove ink and stickie
particles from recovered paper. An agglomerator and magnetic material are added to the fiber
suspension and the contaminant particles (inks and/or stickies) coalesce onto the magnetic
particles. The aggregate is then removed through a magnetic separator, leaving clean fiber
behind. Owen [31] also has a recent patent addressing deinking by magnetic forces. In this
patent, it is claimed that given a strong enough magnetic force, most toner particles could be
removed from recovered paper.

This brief review is not a comprehensive summary of all new technologies that may be
applicable to contaminant removal in fiber streams. Additional input from PAC members is
encouraged.

4.4 RELATED PUBLICATIONS :
The following documents authored (or co-authored) by this principal investigator and related
to flotation deinking fluid mechanics have been published since March 1997:
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- Bose, F., Ghiaasiaan, S.M., and Heindel, T.J., “Hydrodynamics of Dispersed Liquid Droplets in
Agitated Synthetic Fibrous Slurries,” Industrial and Engineering Chemistry Research, 36:11
5028-5036 (1997). (IPST Technical Paper Series Number 678.)

« Bloom, F., and Heindel, T.J., “A Theoretical Model of Flotation Deinking Efficiency,” Journal of
Colloid and Interface Science, 190: 182-197 (1997). (IPST Technical Paper Series Number
646.)

« Bloom, F., and Heindel, T.J., “Mathematical Modelling of the Flotation Deinking Process,”
Mathematical and Computer Modelling, 25(5): 13-58 (1997). (IPST Technical Paper Series
Number 634.)

« Heindel, T.J., and Monefeldt, J.L., “Flash X-ray Radiography for Visualizing Gas Flows in
Opaque Liquid/Fiber Suspensions,” 6th International Symposium on Gas-Liquid Two-Phase
Flows, Vancouver, BC, June 22-26, 1997. (IPST Technical Paper Series Number 639.)

« Heindel, T.J., “The Fundamentals of Flotation Deinking,” 1997 TAPPI Pulping Conference,
TAPPI Press, Atlanta, GA, 521-533 (1997). (IPST Technical Paper Series Number 656.)

« Heindel, T.J., and Monefeldt, J.L., “Observations of the Bubble Dynamics in a Pulp Suspension
Using Flash X-ray Radiography,” 1997 TAPPI Engineering and Papermakers Conference,
TAPPI Press, Atlanta, GA, 1421-1433 (1997). (IPST Technical Paper Series Number 655.)

«. Heindel, T.J., and Bloom, F., “New Measures for Maximizing Ink Particle Removal in a Flotation
Cell,” 1997 TAPPI Recycling Symposium, Atlanta, GA, TAPP!| Press, 101-113 (1997). (IPST
Technical Paper Series Number 635.)

+ Heindel, T.J., “FXR Throws ‘Light on the Obscure,” TAPPI Journal, 80(6): 20,22, (1997).

- Heindel, T.J., Banerjee, S., and Deng, Y., “Recycling Research at IPST,” PaperAge, 113(11):
23-24 (1997). (IPST Technical Paper Series Number 684.)

4.5 RELATED PROPOSALS

Various non-proprietary research proposals have been submitted during the past year to
enhance the current flotation deinking fluid mechanics research program. The status of these
and related proposals are summarized here.

» “Mixing in Gas/Liquid/Fiber Flows,” by T.J. Heindel and submitted to TAPPI Research
Foundation. ($32.8K, 1 year, unfunded)

- “Stickies Removal Through Shear-Induced Coalescence and Breakup,” by T.J. Heindel, S.
Banerjee, S.M. Ghiaasiaan, and S.|. Adbel-Khalik and submitted to the Agenda 2020 Recycling
Task Group. ($540K, 3 years, unfunded)

« “An Analysis of Printing and Writing Recovered Paper Grade Specifications,” by T.J. Heindel
and W.P. Moore and submitted to the Agenda 2020 Recycling Task Group. ($70K, 1 year,
unfunded)

+ “Bubble Size Control to Improve Oxygen-Based Bleaching,” by T.J. Heindel and T.J.
McDonough and submitted to the Agenda 2020 Environmental Performance Task Group.
($682K, 3 years, pending)

» “Gas Flows in Fiber Suspensions,” by T.J. Heindel and submitted to the NSF CAREER
Program. ($200K, 4 years, pending)

+ “Model Improvements and Model Validation to Improve Flotation Deinking Performance,” by T.J.
Heindel and submitted to the Agenda 2020 Capital Effectiveness Program. ($629.4K, 3 years,
pending)

5 GOALS FOR FY 98-99:
Goals for the next period (March 1998 to March 1999) are grouped into two areas and are
summarized below.
Flotation Modeling
1. Perform model validation experiments and compare the experimental results with model
predictions.
2. Extend the theoretical flotation model to relax selected assumptions.
3. Summarize the modeling work in a Member Company Report.
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Bubble Size Measurements
4. Determine the effect copy paper consistency has on bubble size in a cocurrent bubble
column.
5. Determine the effect superficial gas velocity has on bubble size in a cocurrent bubble
column filled with unprinted copy paper.
6. Determine the effect superficial liquid velocity has on bubble size in a cocurrent bubble
7.

column filled with unprinted copy paper.
Summarize the bubble size measurement work in a Member Company Report.

6 DELIVERABLES:

Two Member Company Reports will be completed during the next year addressing advances
in the flotation mode! (including validation) and bubble size measurements in a cocurrent bubble
column.

7 SCHEDULE:

The project is designed such that the two separate areas of flotation modeling and bubble
size measurements can be addressed concurrently throughout the year. Specific task numbers
refer to the goals stated above.

Task Apr May Jun Jd Aug Sep Oct Nov Dec Jan Feb Mar

1 X X X X X X X X X X

2 X X X X X X X

3 X X X X

4 X X X X

5 X X X X

6 X X X X X

7 X X X X
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Figure 1: Probability of collision predictions based on potential flow, Stokes flow, and
intermediate flow of Yoon and Luttrell [6].
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Figure 2: Exact and approximate P, predictions for intermediate flow with 0 < Reg <
500 and |G| = 0.
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Figure 3: Exact P, predictions for intermediate flow with 0 < Reg < 500 and |G| = 0.1.
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Figure 4: Exact and approximate P, predictions for |G| = 0, 0.01, and 1 and Reg =
10.
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Figure 5. Contours of Pc when Rp/RB = 0.1. Note that the Pc scale is logarithmic.
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Figure 6: Comparisons between experimental and numerical values for P, for galena particles
with R, =6.25 um.
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Figure 7:  Probability of adhesion by sliding as a function of bubble radius for selected particle
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Figure 8: Probability of adhesion by sliding as a function of particle radius for selected bubble
radii and ho/he; = 5 and p, = 1.3 glem”.
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Figure 9:  Probability of adhesion by sliding as a function of particle density for Rg = 0.5 mm, R
=50 um, and hg/hgi = 5.
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Figure 10: Effect on particle size on the model parameter k, using the experimental data of Vidotti

et al. [14].
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Figure 11: Effect on particle size on the model parameter k, using the experimental data of Vidotti
etal. [14].
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Figure 12: Effect of BRD 2360 concentration on the average bubble size.
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Figure 14: Effect of BRD 2363 concentration on the average bubble size.
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Figure 16: Effect of BRD type (concentration of 3.3 mi/kg) on the average bubble size.
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Figure 18: X-ray composite of air bubble flow patterns in an air/water system with air injected at
2 slpm through a sparger with 40 um openings placed on the column bottom.
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Figure 19: X-ray composite of air bubble flow patterns in an air/water/1% NBSK system with air
injected at 2 slpm through a sparger with 40 um openings placed on the column
bottom.
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Figure 20: Bubble size distributions obtained with the sparger air injection technique for various
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Figure 22: Bubble size distributions for 1% NBSK, copy paper, and ONP systems obtained with
the gasket air injection at 2 slpm.
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Figure 24. Schematic diagram of the new cocurrent flow loop to be used with the flash x-ray
system.
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PROJECT OBJECTIVES:
a. Study the surface chemistry of different collectors in toner flotation deinking.
b. Study the effect of fiber types on fiber loss.
Study the role of surfactant in the ink-fiber detachment.

e o

Study the effect of old magazine (OMG) on the ink removal of old newsprint
(ONP).
MAIN RESULTS:

a) Cationic surfactants are the best surfactant systems that have been examined
in this study, and these surfactants can be used as both collector and frothing
agents for the flotation deinking of xerographic papers.

b) Both fiber adhesion and physical entraimment will contribute to fiber loss, but
the entrainment is the dominating factor.

c) The addition of OMG will not enhance the ink removal of ONP in flotation
deinking. The improvement of ONP brightness in the presence of OMG is
solely caused by introducing more fillers and high-quality fibers.

d) The adsorption of the complex of fatty acid and calcium ions on toner particles
will not increase the hydrophobicity of toner particles.

e) Nonionic surfactant, TX-100, will reduce the hydrophobicity of ink, fibers,

fines, and fillers.

ABSTRACT

This report is concemed with increasing utilization of recycled fiber and, more
specifically, with minimizing fiber loss and maximizing deinking efficiency in flotation
deinking. The research program was started in May 1995. The results obtained in
Fiscal Years 95-96 and 96-97 have be given in Progress Report | (February 1997).
Two papers based on this study, “Contact Angle Measurement of Wood Fibers in
Surfactant and Polymer Solutions” and “True Flotation and Physical Entrainment: The
Mechanisms of Fiber Loss in Flotation Deinking,” have been accepted for publication by
Wood and Fiber Science and Nordic Pulp and Paper Research Journal, respectively.
The current report will focus only on the results completed in the 97-98 FY.

Although flotation deinking is considered to be one of the most effective deinking
methods, many physicochemical properties, such as ink removal efficiency, froth
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structure, fiber loss mechanisms, and filler flotation during flotation deinking, remain
unclear. To improve deinking efficiency and reduce fiber loss, the surface chemistry of
ink, fiber, filler, air bubble, and other colloid materials in flotation deinking has to be
studied.

The objectives of the research program conducted in FY 97-98 are to:

a. Study the surface chemistry of different collectors in toner flotation deinking.

b. Study the effect of fiber types on fiber loss.

c. Study the role of surfactant in the ink-fiber detachment.

d. Study the effect of old magazine (OMG) on the ink removal of old newsprint
(ONP).

The main results obtained in this research program indicate that

a) Cationic surfactants are the best surfactant systems that have been examined
in this study, and these surfactants can be used as both collector and frothing
agents for the flotation deinking of xerographic papers.

b) Both fiber adhesion and physical entraimment will contribute to fiber loss, but
the entrainment is the dominating factor.

¢) The addition of OMG will not enhance the ink removal of ONP in flotation
deinking. The improvement of ONP brightness in the presence of OMG is
solely caused by introducing more fillers and high-quality fibers.

d) The adsorption of the complex of fatty acid and calcium ions on toner particles
will not increase the hydrophobicity of toner particles.

e) Nonionic surfactant, TX-100, will reduce the hydrophobicity of ink, fibers,
fines, and fillers.

Because the objectives studied in 97-98 FY are relatively broad and independent

of each other, the results accomplished in 97-98 FY will be divided into four sections:

1. Collect chemistry in flotation deinking of xerographic papers;

2. Fiber loss in flotation deinking: effect of fiber types;

3. The role of surfactant in the ink-fiber detachment;

4. Effect of OMG on the flotation deinking of ONP, and fiber loss mechanisms.
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1. COLLECT CHEMISTRY IN FLOTATION DEINKING OF XEROGRAPHIC
PAPERS

1.1. Background

The recycling of wastepaper is of growing importance due to the shortage of fiber
supply and the restricted government regulations on solid wastepaper landfills.
Although the paper recycling rate has increased steadily, the quality and cost of
recycled fibers are still incompatible with virgin fibers.

Flotation deinking is one of the most important separation techniques widely used
in paper recycling industry. Flotation deinking involves three main processes:
detachment of the ink particles from wastepaper fibers, effective adhesion of the ink
particles onto air bubble surfaces, and the removal of ink particles with the froth from
flotation cells [1-3]. It has been well known that the hydrophobicity and the particle size
of ink particles in flotation slurry are two of the most important factors affecting the ink-
air bubble interaction. From a surface chemistry point of view, the higher the
hydrophobicity of particle surface, the easier it is to remove ink particles from pulp slurry
under similar flotation conditions. To improve the hydrophobicity of floated particles, it

is very common to apply a collector in the pulp slurry in mineral flotation.

Many collectors have been successfully used in ore flotation, but few of them
have been used in flotation deinking. The most common collector used in flotation
deinking is fatty acid in the presence of calcium chloride. Many researchers have
focused on the understanding of ink removal by adding fatty acid/calcium collector, but
the mechanism involved in this system have not been well understood [1,2]. Although
the fatty acid/calcium collector has been traditionally used for flotation deinking of old
newsprint and old magazines, Dorris and Page [4] recently indicated that fatty
acid/calcium collector can also improve the toner removal efficiency during the flotation.
They suggested that the increased hydrophobicity of toner particles due to the
adsorption of fatty acid/calcium complex onto toner surface is the main reason for toner
removal improvement. However, this hypothesis has not been validated by
experimentai results. Although fatfy acid-calcium chloride system is an effective
collector for some grades of wastepapers, the deposition of calcium fatty acid particles
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on the flotation equipment and paper machine is a serious problem. Therefore, it will
be beneficial to the paper industry if more effective collectors that do not have negative
effects on the papermaking process can be developed.

It was found that the deinking of mixed office paper by flotation is more difficult
than other wastepapers because a) toner is usually fused into the pores of papers and
strongly adhered to the fiber surfaces, resulting in a poor toner-fiber separation during
repulping [5,6], and b) the broad particle size distribution and the disk-like shape of
toner particles result in a poor attachment between toner particles and air bubbles [7,
8]. Based on these understandings it is believed that the toner particles must be kept
hydrophobic in flotation cell and the optimum particle size must be achieved in order to
improve the flotation deinking efficiency of toner printed papers.

This study is to develop a fundamental understanding of collector chemistry in
flotation deinking of toner printed papers. The relationship between collector and toner
surface hydrophobicity was studied. The agglomeration of toner particles in different
collector solutions was examined. Finally, the effects of toner hydrophobicity and toner
particle size on the flotation efficiency were investigated.

1.2. Experimental
1.2.1. Chemicals

Triton X-100 (TX-100, a nonionic alkylphenoxy polyethoxy ethanol compound,
analyze grade, J. T. Backer Inc.), kerosene (commercial product), sodium oleic acid
sodium salt [Aldrich, 98%)], dodecyltrimethylammonium bromide
[CH3(CH2)11N(CH3)3Br, DTMAB, Aldrich, 99%], cetyltrimethylammonium bromide
[CH3(CH2)15N(CH3)3Br, CTMAB, Aldrich, 95%], and calcium chloride [Aldrich,
analytical pure] were used as received.

1.2.2. Contact angle measurements

The surface tension of liquid was measured by a dynamic contact angle
analyzer (Cahn DCA 312) using a'glass plate. Toner samples for contact angle
measurement were made by copying 3 layers of Xerox toner on both sides of a
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transparency. The coated transparency was cut into 20mm x 30mm pieces before use.
The wetting force of coated toner film in different solutions was measured, and the
contact angle was calculated using Wilhelmy principle. Both surface tension and
contact angle measurements were repeated several times until a stable reading was
obtained.

1.2.3. Particle size measurements

The particle size and size distributions of toner suspension in different solutions
were measured by a laser diffraction based particle size analyzer (Malvern 2600,
Malvern Instruments, MA). The system consists of 2mW He-Ne Laser (633nm
wavelength), a Transmitter with 9mm beam expansion, a Receiver with a Fourier
transform lens, and a 31 element solid state detector array in concentric semicircular
annuli design. The sample used for particle size analysis were made by dispersing
Xerox toner in a pulp filtrate in the presence or absence of surfactant.

1.2.4. Flotation deinking

The pulp was made from bond papers printed by Xerox toner with a fixed
pattern of X. The papers were pulped at pH of 9.3 and a consistency of 10.5% without
adding any chemicals except sodium hydroxide. A laboratory flotation cell was used to
conduct the flotation deinking. The deinking cell was made from a polyacrylate pipe
with a height of 80cm and a diameter of 10cm. Nitrogen was blown into the pulp
suspension at a rate of 14+0.075 SLPM (standard liter per minute) through an air filter
(pole size 50 um) at the bottom of the flotation cell. The air flow rate was measured by
an Omega FMA1700/1800 flowmeter. The consistency of the pulp used in flotation was
0.5%. The flotation time was 10 minutes for all experiments.

The handsheets for brightness analysis were made on a 15-cm Buchner funnel
according to TAPP! standard method T218 om-91. The brightness of a handsheet was
measured by a UV-VIS spectrophotometer (Shimadzu UV-160A) using TAPPI Standard
method T452 om-92.
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1.3. Results and Discussion

1.3.1. Calcium fatty acid as a collector in toner flotation deinking

In the flotation deinking of mixed office wastepapers, a nonionic surfactant has been
commonly used as a dispersant and frothing agent. However, the addition of a
nonionic surfactant, such as TX-100, will reduce the hydrophobicity of toner particles,
therefore the toner removal efficiency by flotation will be decreased. The reduction of
toner particle hydrophobicity due to adsorbed surfactant can be clearly seen from Fig.
1, i.e. the advancing contact angle of aqueous solution on a toner film decreases as the
concentration of TX-100 increases. When the concentration of TX-100 increases from
0 to 80mg/L (the typical concentration for mixed officewaste deinking in industry
practice), the advancing contact angle decreases from 140 to 75 degrees. With a
further increase in concentration to 200mg/L, the advancing contact angle decreases
to 10 degree or even lower. The significant decrease in the contact angle must result
in a reduction in deinking efficiency as will be discussed later.

Because nonionic surfactant usually leads to a reduction in the contact angle of
toner particles in pulp suspension, it is interesting if there are some collectors that can
restore the contact angle of toner particles. It has been known that calcium fatty acid
can be used as a collector for both old newsprint and mixed office waster papers
[4,9,10). Therefore, the collector chemistry of calcium fatty acid was first examined in

this study.
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Fig. 1. Advancing contact angle of toner film in aqueous solutions as a
function of A: TX-100 concentration without any other chemicals; B: TX-100
concentration in the presence of 50 mg/L sodium oleic acid and 250 mg/L calcium
chloride; C: sodium oleic acid concentration in the presence of 500 mg/L calcium

chloride.

The contact angle of toner film in water as a function of sodium oleic acid
concentration in the presence of 500mg/L calcium chloride is also shown in Fig. 1. It
can be seen that as the concentration of sodium oleic acid increases, the advancing
contact angle decreases rather than increases. . This suggests that although the
complex formed by sodium oleic acid and calcium chloride is hydrophobic, the
hydrophobicity of toner surface will not be improved by adsorption of this complex
because the hydrophobicity of toner itself is higher than that of calcium fatty acid
aggregates.
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To effectively remove toner particles from pulp slurry, a relatively stable foam is
essential. The common method to generate a foam layer is to add frothing agent
directly into pulp suspension during stock preparation. Therefore, it is very interesting
to know how the interaction between calcium fatty acid and a frothing agent will affect
the hydrophobicity of toner particles in a pulp system. Fig. 1 shows that in the presence
of 50 mg/L sodium oleic acid and 250 mg/L calcium chloride, the toner remained at a
high contact angle (>105 degrees) until the concentration of TX-100 was increased up
to 130 mg/L. Comparing that with the contact angle obtained in the absence of sodium
oleic acid/calcium ions (curve A in Fig. 1), it can be seen that calcium fatty acid can
protect the toner surface from the reduction of the hydrophobicity due to the adsorption
of TX-100. This effect is more significant at low TX-100 concentrations (< 130 mg/L).
When TX-100 concentration is higher than 130 mg/L, the advancing contact angle of
toner film suddenly decreased from 105 to 45 degrees. Although the reason for this
sharp decrease is not clear, the solubilization of fatty acid by TX-100 at the
concentration close to its critical micellization concentration (185 mg/L) may be one of
the possible effects.

Although the hydrophobicity of ink particles is one of the dominating factors in
flotation deinking, the particle size is also critical. Obviously, an effective collector
should not only remain a high contact angle of ink particles in solution, but also
agglomerate the ink particles into an optimum size. Fig. 2 shows the particle size in
aqueous solutions as a function of the concentration of TX-100 or sodium oleic acid. It
has been noted from toner particle size measurements that the number distribution of
toner particle the presence of TX-100 has normal Gauss distribution, regardless of the
concentration of TX-100. It can be seen that, when TX-100 was used alone, the toner
particle size slightly decreased as the concentration of TX-100 was increased. This is
not surprising because although the toner particles can be dispersed in the pulp filtrate
and stabilized by adsorbed anionic trash (they aggregate and floated in pure water),
there must be some small toner aggregates because anionic trash in the pulp filtrate is
not a very effective stabilizer. When TX-100 was added in the suspension, these small
toner aggregates were redispersed by surfactant resulting in a decrease in the average
particle size. However, it can also be seen from Fig. 2 that in the presence of 500 mg/L
caicium chloride and 20 mg/L TX-100, the particle size of toner suspension increases
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as the concentration of sodium oleic acid increases. This suggests that toner particles
were aggregated by calcium sodium oleic acid even in the presence 20 mg/L TX-100.
At 90 mg/L of sodium oleic acid solution, the mean toner particle size increased to 27
um (Sauter Mean Diameter), which was in the optimum size range for flotation reported
by Ferguson [2]. It was noted that the increase of collector concentration will not only
increase the number average particle size, but also the particle size distribution. For
example, it is found that the agglomeration of small particles was more significant that
of large particles.
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Fig. 2. Toner particle size as a function of A: TX-100 concentration; and B: TX-100
concentration in the presence of 50 mg/L sodium oleic acid and 500 mg/L calcium
chloride.

The effect of hydrophobicity and particle size of toner in pulp slurry on the
flotation deinking efficiency was investigated by measuring the brightness gain of the
handsheets made from deinked xerographic fibers. The brightness gain as a function
of TX-100 in either the presence or absence of calcium oleic acid is shown in Fig. 3. It
can be seen that in the absence of calcium oleic acid, the brightness gain increases as
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TX-100 concentration increases up to 120 mg/L, then decreases as TX-100
concentration further increases. The initial increase in the brightness at low TX-100
concentration is due to the increase in the foam stability, and the decrease in the
brightness at high concentration is due to the decrease in the hydrophobicity of toner
particles by adsorbing TX-100 molecules onto the surface, which is consistent with the
contact angle measurement shown in Fig. 1. This behavior has also been previously

reported [11].

It is reasonable to assume that toner removal can be enhanced by adding a
fatty acid and calcium ions because the toners have a high contact angle in the
solution, as has been reported previously [4]. Surprisingly, our results shown in Fig. 3
indicate that the presence of 50 mg/L sodium oleic acid and 250 mg/L calcium chloride
decreases rather than increases the toner removal in similar pulp systems. Although
the mechanism of this reduction in flotation deinking efficiency is not clear, the effect of
calcium fatty acid on the foam stability and structure must be accounted. It was
observed during the flotation experiments that the foam was much less stable in the
presence of calcium fatty acid compared with that using TX-100 alone. Because the
bubbles were broken during their rise to the top of the flotation cell, some adhered
toner particles returned back to the pulp slurry, which may results in a decrease in the
flotation deinking efficiency.

1.3.2. Kerosene as a collector in toner flotation deinking

Hydrocarbon materials that have been widely used in the mineral flotation
industry as collectors are getting attention in the paper industry. Snyder and Berg [7]
described that some hydrocarbon materials can be used as an agglomeration agent for
suspended toner particles. Pelton [12] also found that ink particles are more easily
adhered to hydrocarbon oil coated glass beads. Miller et al. [13] found that the toner
flotation efficiency can be significantly improved by adding 5% tetrahydrofuran or
acetone (based on dry waste) into pulp suspension. In a recent study [14], Oguz
indicated that a mixture of kerosene, detergent and borax can significantly improve ink
removal. Although these findings are interesting, no fundamental study on the collector
chemistry using a mineral oil or hydrocarbon material in flotation deinking has been
reported in the literature. In this study, the kerosene was used as a model hydrocarbon
collector for toner deinking. The contact angle of toner film in water was measured and
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the results are shown in Fig. 4. It can be seen that although the advancing contact
angle of toner decreases slightly as kerosene concentration is increased, it is still as
high as 130 degree at kerosene concentrations of up to 160 mg/L (small kerosene
droplets on the surface of solution will be seen with further increases in concentration).
However, when TX-100 was added into toner suspension in the presence of 50 mg/L
kerosene, the advancing contact angle was decreased. Although this decrease is
significant, by comparing with curve C in Fig. 4, it can be seen that the addition of
kerosene can restore some of the loss in toner hydrophobicity that is caused by the
adsorption of TX-100.

Brightness gain (ISO)

0 1 L A 1
0 50 100 150 200 250

TX-100 Concentration (mg/L)

Fig. 3. The brightness gain of handsheed made from deinking fibers as a function of A:
TX-100 concentration without other chemicals; B: TX-100 concentration in the presence
of 50 mg/L sodium oleic acid and 250 mg/L calcium chloride.
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The effect of kerosene on the agglomeration of toner Aparticles in the presence
of TX-100 was also examined and the results are shown in Fig. 5. It can be seen that
the particle size of toner in the presence of 20 mg/L TX-100 increases significantly as
the increase in the kerosene concentration, suggesting a significant agglomeration of
toner particles in this solution. It is believed that the agglomeration of toner particles
was caused by “oil bridging” mechanism as reported by Berg et al. [7] using other

hydrocarbon solvent.

140

120 |
(]
2 100 |
c
<
& 8o}
3 B
.g 60 | A—aA
g
2 4}
A
20 |
o 1 L [l 2 1 'l
0 50 100 150 200 250 300 350

Chemical Concentration (mg/L)

Fig. 4. Advancing contact angle of toner film in aqueous solutions as a function of A:
TX-100 concentration without any other chemicals; B: TX-100 concentration in the
presence of 50 mg/L kerosene; C: kerosene concentration.
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Fig. 5. Toner particle size as a function of A: TX-100 concentration; B: kerosene in the
presence of 20 mg/L TX-100.

The effect of kerosene on the flotation deinking efficiency of toner printed
papers was studied using TX-100 as a frothing agent. The brightness gain of the
handsheets made of recycled fibers is shown in Fig. 6. It can be seen that in the
presence of 20 mg/L kerosene, the ink removal is higher than that of without kerosene,
particularly at low TX-100 concentration. This is consistent with the contact angle and
particle size measurement, i.e., a high contact angle and an optimum particle size result
in a high deinking efficiency. The results shown in Fig. 6 indicate that kerosene can be
used as a cqllector for toner flotation deinking when TX-100 is used as a frothing agent.
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Fig. 6. The brightness gain of handsheed made from deinking fibers as a function of A:
TX-100 concentration; B: TX-100 concentration in the presence of 20 mg/L kerosene.

1.3.3. Toner flotation deinking using cationic surfactants

Cationic surfactants have been traditionally used in mineral flotation. One of the
advantages of using cationic surfactants is that these chemicals can function as both a
collector and a frothing agent for some ores. The effect of cationic surfactant structure
on the mineral flotation was studied [15-17]. Although cationic surfactants are very
effective for_ flotation of some mineral particles, limited research [1,2,18,19] has been
done using cationic surfactants for flotation deinking. There is no report in the literature

on the application of cationic surfactants to deink toner-printed wastepapers.
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Fig. 7. Advancing contact angle of toner film in aqueous solutions as a function of A:
TX-100 concentration; B: DTMAB concentration; C: CTMAB concentration.

Fig. 7 shows the advancing contact angle of toner film in different cationic
surfactant solutions. It can been seen that the contact angles of toner film obtained in
two different cationic surfactants are much higher than that in the TX-100 solution.
More interesting is that the contact angle increases initially as the concentration of
CTMAB increases, then decreases as further increase in CTMAB concentration. It is
known that the toner particles in wood pulp suspension are negatively charged
because of the adsorption of soluble anionic polymers, such as sulphonated lignin and
fatty acids from wood fibers, onto the toner surfaces. When cationic surfactant
molecules are adsorbed onto these negatively charged toner surfaces, the
configuration of adsorbed cationic surfactant should be different from that of anionic
and non anionic surfactants. At a low concentration of cationic surfactant, the
positively charged surfactant heads anchor to the negatively charged toner surface
leaving hydrophobic tail toward the solution. As a result, the contact angle is increased.
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However, at a high concentration of cationic surfactant, a double layer adsorption can
occur and the hydrophilic heads of cationic surfactant orient to the water phase, which
reduced the contact angle. The configurations of cationic surfactant at different
concentrations are schematically shown in Fig. 8. It should be noted that no contact
angle increase was observed for the cationic surfactant of DTMAB, which may be
attributed to the fact that the DTMAB has a shorter hydrocarbon chain than the
CTMAB, resulting a more hydrophobic adsorption layer on the toner surface.

The effect of cationic surfactants on the agglomeration of toner particles is
shown in Fig. 9. The particle size of toner particles in pulp filtrate was almost a
constant when the concentration of DTMAB was increased, but increased steadily with
the increase of CTMAB concentration up to 90 mg/L. The particle size increase is
consistent with the hydrophobicity increase of toner particles in cationic surfactant
solutions. It is believed that in addition to the hydrophobicity effect, the charge
neutralization between cationic surfactant and negatively charge adsorbed materials on
the toner surface in a pulp filtrate will also affect the toner particle agglomeration.

Bidiiih
il

Fig. 8. The orientation of cationic surfactant on a negatively charged toner
surface. A: monolayer adsorption at low concentration, and B: double layer adsorption
at high concentration.
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Fig. 9. Toner particle size as a function of A: TX-100 concentration; B: DTMAB

concentration; C: CTMAB concentration.

As discussed previously, the toner particle hydrophobicity can remain relatively
high and particle size can be increased in CTMAB solutions. It was also found that
cationic surfactants are effective frothing agents as well as collectors in pulp
suspensions. Therefore, it is not necessary to have a second surface active agent in
flotation deinking if a cationic surfactant is used. This advantage may significantly
reduce the flotation deinking cost. The brightness gain obtained from handsheets
made of deinked fibers as a function of cationic surfactant concentration is shown in
Fig. 10. It was found that cationic surfactants produced much higher brightness gains
than TX-100. The result is consistent with the contact angle and particle size
measurements, i.e. CTMAB and DTMAB are very effective collectors and frothing
agents for toner flotation deinking.
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Fig. 10. The brightness gain of handsheed made from deinking fibers as a function of
A: TX-100 concentration; B: DTMAB concentration; C: CTMAB concentration.

1.3.4. Concluding remarks

1)

2)

3)

The contact angle of toner film in water-surfactant solution decreases with the
increase of TX-100 concentration regardless if there is a collector. The balance
between froth stability and hydrophobicity leads to an optimized concentration for
toner removal if TX-100 is used alone.

The addition of fatty acid/calcium ions causes particle agglomeration but does not
increaée the contact angle of toner particles. The addition of sodium oleic
acid/calcium ions in the flotation process does not enhance the toner removal if
TX-100 is used as a frothing agent.

Kerosene can increase the toner particle size and maintain a relatively high
contact angle of toner in TX-100 solution. The flotation deinking efficiency of
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toner-printed papers can be improved by adding a small amount of kerosene if
TX-100 is used as a frothing agent.

4) Cationic surfactant can be used as both a collector and a frothing agent. For the
systems investigated in this study, the cationic surfactants provideed the best ink
removal.

2. FIBER LOSS IN FLOTATION DEINKING: EFFECT OF FIBER TYPES
2.1. Background

Although the deinking efficiency is closely related to the brightness and
cleanliness of the fibers, brightness figures without any information on the yield of the
deinked fibers have only limited value because the achieved brightness strongly
depends on the yield. Low yield caused by high fiber loss is one of the biggest
problems in flotation deinking. Reported fiber loss is in the range of 4-24 wt%
depending on the processes, equipment, and chemicals used in flotation deinking. For
highly sized or waxed fibers, such as old corrugating containers, fiber loss is even
higher, and the flotation technique cannot be used for these paper products unless a
new technique is established.

Most authors [20-22] have postulated that the fiber loss in flotation deinking is
caused by air bubbles routinely adhering to the fibers during the flotation process. In a
series of studies on fiber loss in flotation deinking, Turvey [20,21], and Schwinger and
Dobias [29] indicated that 1) unprinted fibers do not float, 2) calcium ions can
significantly increase fiber loss for printed fibers; 3) nonionic fatty alcohol ethoxylate
surfactants cause high fiber loss; and 4) pH plays an insignificant role in fiber loss.
From these studies, Turvey [20,21] further concluded that fiber loss is due to the fact
that part of the fiber becomes hydrophobic and adheres to air bubbles. However, no
direct experimental measurement of fiber surface chemistry can support this
assumption. Furthermore, some of the conclusions from Turvey [20] have been argued
by other researchers [4,5,22-24] who indicated that unprinted fibers, even very clean
bleached fibers, can still float during the flotation deinking process. In contrast to

Turvey’s study, some recent papers [4,5,24] indicated that the fiber loss in flotation
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deinking is solely caused by physical entrainment rather than true flotation. The
conflicting experimental results obtained by different researchers suggest that the
mechanism of fiber loss in flotation deinking has not be well understood.

It was reported that long fibers float easier than wood fines [22,24]. To explain
this phenomenon, Li and Muvundamina [22] assumed that surfactant molecules have
different orientations on the fine and fiber surfaces. It is well known that the surface of
fines is more hydrophobic than long fibers because of its high lignin content. When
surfactants adsorb onto fines, the hydrophobic tails of surfactant molecules anchor
onto the hydrophobic sites of fines and leave the charged heads (or hydrophilic parts)
toward the water phase. This leads to an increase of hydrophilicity of the surface of
wood fines and prevents them from adhering onto air bubble surfaces. For long fibers,
on the other hand, the surface is very hydrophilic, and surfactant adsorption is through
the interaction between the hydroxyl groups of fiber surfaces and the charged heads of
surfactant molecules (or hydrophilic parts of nonionic surfactant), resulting in an
increase of hydrophobicity. Li and Muvundamina [22] believed that the increase in
hydrophobicity of fiber surfaces was the main reason for fiber removal. Once again,
this is only an assumption, and there is no direct experimental measurement to support
it.

It is clear that there are many arguments on the fiber loss mechanism. In order to
study the effect of fiber surface chemistry on the fiber loss, both unsized and AKD-
sized fibers from the same bleached softwood kraft pulp were used in this study. The
average fiber length was 2.83 mm. Because the sized fibers have the same geometric
property as unsized fibers but totally different of surface chemistry, the contribution of
fiber surface chemistry and fiber length to the total fiber loss can be separately studied.

The flotation cell used in this study includes a polyacrylate column (12 cm in
diameter; variable in height) and a gas inlet filter. Nitrogen was injected from the
bottom of the flotation cell through a air inlet filter. Two types of inlet filters with pore
sizes of 10 or 2um were used. Both the fibers that were removed from the cell (fiber
loss) and those that remained in the cell were filtered, oven dried, and weighed. The
detail description of flotation facility and experiments have been given in our lass year’s

progress report [25]. In our study, the water loss was controlled by varying the froth
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height (adding extra columns to the top of the flotation cell) at a fixed nitrogen flow rate
and flotation time. This method is totally different from previously reported studies
[3,4,24] in which the water loss was controlled by varying the flotation time at fixed froth
height. We believe that our method is more scientific for fiber loss mechanism study
than the method used in previous studies. The detail discussion can be found in our
recently published paper [24].

In the Progress Report of FY96-97 [25] we studied the mechanisms of fiber loss
using @ AKD-sized and a clean BSK (bleached softwood kraft) pulps. In this progress
report, the effects of fiber and surfactant types on the total yield are discussed.

2.2. Experimental

The pulp properties used in this study are given in Table |. Atflanta Joumal-
Constitution and New York Times were used as old newsprint (ONP). The average
aging time of ONP used in this study is about 1.5 months. Pump Magazine and Paper
Maker Magazine were used as old magazine (OMG). Old magazines were collected
different times.

Table I. Fiber properties.

Fiber* Ash advancing Advancing Fiber
Content contact angle contactangle length
(%) in water in 100 g/L TX- (mm)
(degree) 100 (degree)
ONP (Atlanta Journal- 0.93% 52 26 1.60
Constitution)
Bond paper 16.24% 28 - 1.79
OMG - -
BSK 0 32 4 2.83
0.2% AKD emulsion 0 76 28 2.83
sized BSK
0.6% AKD emulsion 0 106 34 2.83
sized BSK

*: ONP: Old newsprint; OMG: Old magazine; BSK: Bleached softwood kraft fiber.
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The fiber lengths were determined by image analysis. The width and lumen
diameter of fibers were measured using 400x magnification with the aid of OPTIMAS
image analysis software. The fiber perimeter was calculated from number average
fiber width and lumen diameter. The ash content was obtained at 550 °C according to
the TAPPI standard method (T211 om-93).

The PCC content was analyzed by potential titration using EDTA salt as titrate.
The pulp slurry was firstly adjusted to pH <3 by adding HCI and stood up for ~0.5 hr.
After calcium carbonate dissolved and CO, evaporated, ~1 ml NH;H,O was added in
the solution to bring pH up to ~9.2. The Ca*" concentration was determined by titration
using a 0.002M EDTA (ethylenediamine tetraacetic acid disodium, Aldrich, 99+%)
solution. A calcium selective electrode (Fisher product) and a glass pH reference
electrode (Fisher product) were used as the detector. A detail description about the
titration technique can be found from Fisher’s product menu.

The sized fibers were made by the reaction of fibers with varying amounts of a
cationic AKD (alkyl ketene dimmer) sizing emulsion (Hercon 70, Hercules Inc.) in ~3%
fiber consistency for 5 min. The furnishes were filtered and air dried about 2 hr. The
air-dried fibers were heated to 100°C in a vacuum oven for ~30 min.

The handsheets for brightness analysis were made on a 15-cm Blchner funnel
using TAPPI standard method (T452 om-92). The brightness of the handsheets was
measured using a Shimadzu UV-VIS Spectrophotometer (UV-160A).
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2.3. Effect of Fiber Hydrophobicity on the Fiber Loss

The flotation of solid materials can be divided into “true flotation® and
“entrainment.” True flotation occurs when solids attach to air bubbles and are floated
with them. A basic requirement for true flotation is that the solid particles must be
hydrophobic enough so that they can strongly adhere onto the bubble surface.
Entrainment occurs when patrticles enter the froth with the water and occupy the spaces
between the bubbles. When froth raises up, part of the water and particles entrained in
the froth will drain back to the pulp suspension, but the remainders are carried upwards
and scraped off. As a result, fiber removal by physical entrainment should be a
function of water removal, and at ideal conditions, a linear relationship between fiber
removal and water removal is expected. The contributions of true flotation and
entrainment in mineral flotation have been discussed, and the following equation has
been suggested [26]:

R = A + CVyater (1)

where R is the total recovery of the given solid suspension at experimental conditions;
A is the recovery of the solid by true flotation; C is the concentration of entrained solids
in removed water; and V.. is the volume of removed water. At ideal conditions, the
true flotation A and the concentration C of entrained solids in removed water can be
obtained from the intercept and the slope of removed solids versus removed water,

respectively.

In order to separately study the true flotation and entrainment of fibers in flotation
deinking, a bleached softwood kraft pulp was first used in this study. Direct
measurement of wettability using a separated fiber group technique indicated that the
receding and advancing contact angles of the bleached softwood fiber in a 100-mg/L
TX-100 solution are zero and <5 degrees, respectively. This suggests that the
bleached softwood kraft fibers are very hydrophilic and they cannot adhere to air
bubbles by hydrophobic force in the flotation process. in other words, the loss of these
hydrophilic fibers in the flotation cell should be caused solely by the physical

entrainment.
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Fig. 11. Fiber loss as a function of water loss for unsized and AKD-sized bleached
softwood fibers. The water and fiber losses were measured at different froth heights.
Pore size of air inlet filter: 10 um; fiber consistency: 0.52%; concentration of TX-100:
100 mg/L; nitrogen flow rate: 1800 cm*/min; flotation time: 2 minutes.

Fig. 11 shows fiber loss as a function of water loss for different fibers after a 2-
minute flotation. According to Equation (1), a zero intercept of fiber loss against water
loss should be expected for these hydrophilic unsized fibers because these fibers have
a zero receding contact angle and very low advancing contact angle (<5 degrees). In
other words, all floated fibers in this system should be solely caused by physical
entrainment. However, the results of Fig. 11 clearly show that both the slope and
intercept for bleached softwood kraft fibers (unsized) are not zero. This strongly
indicates that although Equation (1) has been used for the mineral flotation system, it
cannot be directly used to describe the fiber loss in flotation deinking. It should be
noted that Equation (1) is based on the assumption that the concentration of entrained
(excluding adhered) solids in the froth phase is a constant during the water drainage,
and all entrained solid particles will be washed back to the pulp phase if the water is
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fully drained from the froth. This may be true if the size of entrained particles is small
and the density of the particles is high, such as mineral particles, but it is not the case
for wood fibers because some entrained fibers cannot pass through the microchannels
between bubbles during the drainage of water in the froth phase due to their large size
and small density. As a result, a nonzero intercept of fiber loss plotting water loss must
be obtained even though the flotation of wood fibers is solely caused by entrainment.
Because some of entrained fibers cannot be washed away during water drainage, a
correction for these “unwashable” entrapped fibers must be made in order to use
Equation (1) for wood fibers. It should be noted that unwashable entrapped fibers are
different from true flotation fibers, although both of them cannot be washed away
during water drainage. Obviously, the consistency of these “unwashable” entrapped
fibers in the froth should be a function of foam structure, fluid dynamics of water in the
froth microchannels, the fiber length, and orientation, etc. If all experimental conditions
remain constant during the foam raising up in the flotation cell, it can be approximately
assumed that the weight of unwashable entrained fibers is constant in the froth.
Therefore, Equation (1) should be modified to

R=A + B + CV,ater (2
where B is the weight of unwashable entrained fibers.

Equation (2) indicates that the intercept of the plot of total fiber loss R versus
water removal should equal the sum of the fiber loss caused by true flotation A and
unwashable entrapped fiber B rather than true flotation A alone, and this intercept is
independent of total removed water V. at a fixed flotation time. Equation (2) also
indicates that although the true flotation A is zero for hydrophilic wood fibers, the
intercept of the plot of total fiber loss versus water loss should equal B rather than zero.
By plotting total fiber loss against water removal for unsized fibers shown in Fig. 11, the
weight of “unwashable” entrapped fiber B and the consistency of “washable” entrained
fiber C were 0.29 g and 0.8 g/L, respectively.

Fig. 11 also gives the comparison of fiber losses for unsized and AKD-sized
fibers. It has been known from our previous study [25] that the advancing contact
angles for 0.2 and 0.6% AKD-sized fibers in a 100mg/L TX-100 surfactant solution are
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28 and 39 degrees, respectively, which are much higher than that of unsized fibers (<5
degrees) in the same solution. From Fig. 11 it can be seen that the fiber losses of
sized fibers are consistently higher than unsized fibers. This result indicates that the
fiber surface chemistry will also contribute to the fiber loss. Because both the sized
and unsized fibers used in this study have the same length, it is reasonable to assume
that the entrainment factors B and C in Equation (2) are the same for all of the sized
and unsized fibers. Therefore, the difference in the fiber loss between unsized and
sized fibers is attributed solely to the true flotation A. Although this assumption may be
too simple, the experimental results of Fig. 11 indicate that the slope C is almost

constant for all three fibers.
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Fig. 12. True flotation fraction F as a function of water loss. The true flotation fraction
for unsized bleached softwood fiber is assumed as zero. Pore size of air inlet filter: 10
um; fiber consistency: 0.52%; concentration of TX-100: 100 mg/L; nitrogen flow rate:
1800 cm*/min; flotation time: 2 minutes.
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In terms of the above assumption, by applying B = 0.29 g and C = 0.8 g/L to
Equation (2), the weights of true flotation A for 0.2 and 0.6% AKD-sized fibers were
obtained and they were 0.025 and 0.15 g, respectively. Comparing the value of true
flotation A with total entrained fibers B + CV,aer, it can be found that true flotation A is

smaller than total entrained fibers even for highly sized fibers.
The true flotation fraction F is defined as
F = AR ©)

The plots of F as a function of water loss fiber loss are shown in Fig. 12.it can
be seen from Fig. 12 that the true flotation fraction F for 0.2 and 0.6% AKD-sized fibers
is in the range of 8-12 and 25-33%, respectively, depending on the froth heights. The
results suggest that although true flotation is one of the mechanisms of fiber loss, most
lost fibers (>88% for 0.2% AKD-sized and >33% for 0.6% AKD-sized fibers) in flotation
deinking are mainly attributed to physical entrainment for these systems. Fig. 12 also
shows that the true flotation factor F increases as the froth height is increased. This is
because the total fiber loss R is decreased, but the true flotation contribution A remains

constant when froth height is increased.

Although water loss in flotation deinking has not been considered as a problem in
the paper mill, the energy saved by reducing water loss can also benefit the paper
industry. Even for a fully closed flotation deinking mill, water loss by froth removal can
still be as high as 10% of the total water in the flotation cell, which corresponds to a
water loss of ~10 tons/(ton pulp). Because the discharged water contains many
deinking chemicals, such as the surfactant and basic materials, reducing water removal
is also important for a deinking mill. The results of a study conducted at IPST indicates
that properly controlling the froth height and froth stability is a cost-effective method to
reduce both water consumption and fiber loss.

2.4. Effect of Fiber Types on Fiber Loss

Fig. 13 shows fiber loss as a function of water loss obtained from different froth
heights. The experimental conditions for all of the experiments are the same except
different fibers were used.
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Fig. 13. Fiber loss as a function of water loss for different fibers. Fiber

consistency: 0.52%; Surfactant. 100 mg/L TX-100; Nitrogen flow rate: 1800 cm’/min;

flotation time: 2 minutes.

It can be seen that, at the same water loss volume (same froth height), the ONP
gave the highest fiber loss. The single fiber wettability measurement indicates (see
Table ) that the advancing contact angle of ONP in water is 52.2°, that is much higher
than bond paper (28.3°) and unsized BSK (32.0°) fibers. Even in 100 mg/L TX-100
solution (the same concentration as used in flotation deinking), the advancing contact
angle of ONP fibers is still higher than others. Because of this high contact angle, it is
expected that ONP should give a higher fiber loss than bond paper and BSK fibers,
which was confirmed by the experimental results shown in Fig. 13. However, it is
surprising that ONP gave a higher fiber loss than AKD-sized BSK fibers because 0.6%
AKD-sized fiber has a much higher advancing contact angle than ONP in both pure
water and 100 mg/L TX-100 solution (see Table 1). This suggests that the higher fiber
loss of ONP than other fibers cannot be simply explained by hydrophobicity alone. As
discussed in last years report [25] and our recent publication [23], the physical
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entrainment rather than true flotation is the major contributor to fiber loss. Because the
physical entrainment strongly depends on the geometry of the fibers and froth
structure, the difference in fiber length among these fibers has to been considered. It
can be seen from Table | that the fiber length of ONP is much shorter than that of BSK.
The higher fiber loss of ONP than AKD-sized fibers may suggest that ONP can be
entrapped in the foam network much easier than long BSK fibers. However, more work
is needed for a full understanding’of the relationship among fiber geometry, foam
structure, and fiber loss. It is expected that there may be an optimized fiber length that
will causes the highest fiber loss under a fixed foam structure.

2.5. Effect of Different Surfactants On Fiber Loss

Because many different surfactants, including anionic, cationic, and nonionic,
have been used in flotation deinking, it is necessary to know if the above conclusion
obtained from TX-100 can be applied to other surfactant systems. For this purpose,
fiber loss in an anionic surfactant (SDS) and a cationic surfactant (CTMAB) solution
was studied. However, it was found that the maximum froth height generated by SDS
was only about 20 cm, which did not allow us to study the effect of froth height on fiber
loss. Therefore, only cationic surfactant CTMAB was studied in detail. Fig. 14 shows
fiber loss as a function of water loss in a CTMAB solution. Although the foam stability
and microstructure could be significantly different when different surfactants were used,
a similar trend of fiber loss against water loss was observed for the systems of TX-100
and CTMAB, i.e., sized fibers resulted in a higher fiber loss, and the intercept of fiber
loss as a function of water loss was not zero. This may suggest that although the true
flotation and the physical entrainment will contribute to total fiber loss, the ratio between
these two may be different when different surfactants are used.
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Fig. 14. Fiber loss as a function of water loss for unsized and AKD-sized bleached
softwood fibers using cationic surfactant. The water and fiber losses were measured at
different froth heights. Pore size of air inlet filter: 10 um; fiber consistency: 0.52%;
concentration of CTMAB: 100 mg/L; nitrogen flow rate: 1800 cm3/min; flotation time: 2

minutes.

2.6. Concluding Remarks

1) Both physical entrainment and true flotation will contribute to total fiber loss in

flotation deinking, but the physical entrainment is the dominant factor.

2) Od neWspﬁnt gives a higher fiber loss compared with other fibers when TX-100
was used as a surfactant. Possible reasons for this higher fiber loss may be due to
the short fiber length and high hydrophobicity of ONP.
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3. THE ROLE OF SURFACTANT IN THE INK-FIBER DETACHMENT
3.1. Backgroud

It is quite common in the deinking operation to add a surfactant in pulps before
or during the pulping because most people believe that surfactant can stabilize the ink
particles and improve the ink-fiber detachment. However, it is well-known that the
adsorption of dispersant has many negative effects, such as rendering the ink particles
from hydrophilic to hydrophobic, reducing the agglomeration of ink particles, and
increasing the stearic or electrical repulsion force between ink particles and air bubbles.
To overcome some of the problems given above, chemicals called displectors have
been developed [27,28]. However, the mechanism of dispersant-collector has not
been fully understood, and the effectiveness of this chemical has not been widely

tested.

The process surfactant used in deinking has many negative effects. One of the
problems is that the process surfactant will cause foaming problem in pulpers, which
will reduce the capacity of the equipment. Foaming can also cause overflow of the
process unit. Although the foaming problem can be partially solved by adding a
deformer agent, it is always cheaper to use less surfactant than to add defoamer. The
remaining surfactant in recycled pulp will also cause foaming problems on a paper
machine. Another problem related to the remaining deinking surfactants is that they will
contaminate recycled fibers, therefore, the fiber-fiber bonding and paper quality will be
reduced. The pollution of processing surfactant will also be a serious problem for
paper mills. As discussed above, the reduction of the surfactant consumption in the
deinking process will improve the paper quality and papermaking process, and reduce

the cost of water clarification.

In order to reduce the surfactant consumption, it is important to first understand
the real role of surfactant in different deinking steps, including pulping, washing,
screening, and flotation. It is interesting to know a) how the surfactant will affect the ink
detachment? b) what type of wastepaper needs a dispersant during pulping? c) what
type of dispérsant is the most effective for certain paper grades? and d) what addition
point is most effective and gives the least negative effects? This study will focus on the
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role of surfactant in the repulping process, i.e., how the surfactant will affect the ink-

fiber detachment.

Calcium soaps of fatty acids are the classic collector used in flotation deinking.
Borchardt indicated that calcium ions should be added to the pulp simultaneously or
before the fatty acid [29]. The reason for that is because the fatty acid will server as a
dispersant to reduce the particle surface hydrophobicity and particle size. However, it
should be argued that if the fatty acids have formed complexes with calcium ions
before or during the pulping, the ink detachment will also be reduced. In other words, it
may be more effective if this surfactant is added during flotation rather than repulping.
Even for nonionic surfactants that are traditionally added into the pulper, any
differences between adding surfactant before and after pulping are not very clear.
Therefore, it is interesting to know where is the best addition point for flotation deinking
surfactant.

3.2. Experimental

The effect of surfactant on the ink-fiber detachment was studied by comparison
of handsheet brightness. The recycled fibers from either washing or flotation were
used to make a handsheet. Two types of wastepapers were repulped at neutral pH in
the presence or absence of surface activities. For the washing experiment, repulped
pulps were washed by tap water (~4 times of the volume of pulp slurry) using a
dynamic drainage jar equipped with a 125-mesh screen. It is assumed that all of the
detached ink in the pulp slurry can be washed away, but the bound ink will still remain
in the fiber suspension after washing. By comparing the brightness of the washed
fibers that were repulped in the presence of different amounts of surfactant, the role of
surfactant in the ink-fiber detachment will be evaluated.

A column flotation cell was used in flotation deinking. The initial distance from
pulp suspension to the top of the flotation cell was 5 cm. The wastepaper used for this
study included Atlanta Journal-Constitution and bond papers. Nonionic surfactant (TX-

100) and anionic surfactant (sodium oleic acid) were used.

It was found that the ink particles printed on the ONP are very small, and they
can pass through the fiber web and screen easily during the handsheet preparation,
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resulting in an increase in the brightness and causing two-sideness problems on the
handsheet. To solve these problems, several retention aids were used during the
handsheet preparation. It was found that polyethylene oxide (PEO)/phenol
formaldehyde resin (PFR) is the best retention system for ink retention during
handsheet preparation. The brightness showed in this study was obtained in the
presence of 4 ppm PEO (M, = 8 million, Aldrich) and 8 ppm water-soluble PFR
(Cascophen C27, Borden Chemical, Canada) except additional description being given.

3.3. Results and Discussions
3.3.1. The effect of sodium oleic acid on the ink-fiber detachment and ink removal

The brightness of flotation recycled ONP as a function of sodium oleic acid
concentration in the presence of 500 ppm CaCl; is shown in Fig. 15. The two curves
showed in Fig. 15 were obtained in similar flotation conditions but different addition
sequences of fatty acid, i.e., in one case, the sodium was added before pulping, and in
another ca<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>