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Effect of pulping conditions on stickies 
behavior in office waste deinking systems 
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ABSTRACT: Office recovered paper (ORP) as a fiber source for 
printing and writing grades can be limited by its high content of 
nonimpact or "laser print" inks. Chemical aggregation and 
densification of nonimpact inks are one option for deinking 
OR]?. ORP containing stickie contaminants was deinked under 
"mild" and "harsh"pulping conditions. Contaminants were 
removed using cleaning and screening. The same furnish was 
also deinked using the chemistry and "harsh'pulping 
conditions, required for aggregation and densification of 
nonimpact inks. The effects on the size of stickies, efficiency of 
stickies removal by cleaning and screening, and the nature of the 
stickies in the finished stock were investigated. Under the 
pulping chemistry and conditions required for aggregation and 
densification of nonimpact inks, most stickies are associated 
with the ink in the pulper. The combined particles were 
separable from the fiber by mechanical systems, particularly by 
forward cleaning. These contaminants were less prone to 
deposition than stickies formed without chemical treatment. 
The deposition potential of the chemically treated contaminants 
was no greater than stickies formed under mild pulping 
conditions without chemical treatment. 

KEYWORDS: Agglomeration, cleaning, deinking, densifica- 
tion, ink, screening, stickies, wastepapers. 

A ccording to the National Office 
Paper Recycling Project, 5.1 

million tons of office recovered pa- 
per (ORP) could potentially be re- 

covered from the waste stream in 
1995. This would represent greater 
than a threefold increase from the 
amount recovered in 1990 (1). In the 
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past ,  the high pe rcen tage  of 
nonimpact or "laser-printed" paper 
and other contaminants contained 
in ORP has limited its use to re- 
cycled paperboard and construction 
products (2). The problems associ- 
ated with deinking laser-printed pa- 
per with traditional chemistries and 
equipment were reviewed by Carr 
(a). 

Chemical aggregation and densi- 
fication technology (4) is one option 
for deinking ORP containing laser- 
printed inks, allowing its use in print- 
ing and wri t ing grades .  This 
technology involves pulping and 
chemically treating the recovered 
paper at temperatures of 145-155°F 
(63-68°C) at a pH of 11. Removal of 
the densified laser toner from the 
fiber is accomplished using forward 
cleaning. 

In addition to laser-printed pa- 
pers, 0R P  is typically contaminated 
with adhesive labels, tapes, binders, 
and self-sealants. These contami- 
nants cause a variety of stickles prob- 
lems on the paper machine and in 
the finished paper. A thorough re- 
view of the chemical nature of 
stickies and the problems they cause 
in papermaking was prepared by 
Moreland (5). 

The problems stickies generate 
on the paper machine and in the fin- 
ished paper are largely related to 
the particle size. High shear force 
and elevated temperature in the 
pulper (which are believed to disin- 
tegrate stickies) have been avoided 
to keep the stickies large (6). Large 
stickies are defined as those that are 
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e/i 
removable by mechanical means, 
such as screening and cleaning (7). 

Small stickles, which can pass 
through cleaning and screening 
equipment, are a problem because 
they  tend to aggrega te .  These 
stickies can deposit onto the paper 
machine, attract more stickies, and 
subsequently form large deposits. 
Stickies can also accumulate in the 
closed white water systems of paper 
machines and dei[nking plants. These 
stickles can also associate and form 
deposits (8). 

Removing laser print from ORP 
can be accomplL,~hed using chemical 
densification and aggregation tech- 
nology. However, understanding the 
behavior of the stickies present in 
the furnish is important to success- 
fully use this technology. This study 
was conducted to investigate the na- 
ture of stickies present throughout 
the ORP deinking process. 

Objectives 

The fate of stickies in office waste 
deinking systems was assessed un- 
der different pilot pulping conditions. 
This experiment was designed to ad- 
dress the following: 

• What happens to stickles in the 
pulper under different pulping 
conditions? Do they disperse, ag- 
gregate, associate with ink, or re- 
main discrete stickles particles? 

• How effecthTe are conventional 
mechanical separation processes 
at removing the stickies from the 
stock after repulping? What are 
the removal efficiencies of fine- 
slotted screening, forward clean- 
ing, and through-flow cleaning for 
the stickles formed by the differ- 
ent pulping conditions above? 

• What is the nature of the stickies 
remaining with the finished pulp 
after the mechanical separation 
processes? Does the deposition 
potential of these particles depend 
on their forraation under the dif- 
ferent pulping conditions above? 
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1. Simplified process f l ow  d iag ram 

Fiber 

Key: F = Feed A = Accepts R = Rejects T.S. = Thick stock Fil. = Filtrate 

Pilot simulation and general 
procedure 

Pilot capabilities 
A pilot-scale experiment was run in 
a multipurpose stock preparation and 
recycling pilot facility. This facility 
permitted evaluation of the effects 
of process chemistry on a wide vari- 
ety of pulp and paper mill processes. 
A simplified process flow diagram 
outlining the mechanical capabilities 
of the plant is shown in Fig. 1. 

Furnish and stickies addition 
The pilot experiment consisted of 
three independent runs, each using 

sorted white ledger office recovered 
paper (PS-40) as furnish. The paper 
bales used for the experiments had a 
high laser-printed content (70-80%) 
and contained essentially no colored 
(dyed) sheets, unbleached fiber, or 
groundwood. 

Stickies-forming adhesives were 
intentionally added to each run to 
keep the stickies concentration con- 
stant. A dose of 0.025% adhesive, a 
mixture of contact adhesive and hot- 
melt glue, on AD fiber was applied 
directly to the ORP stock prior to 
pulping. The contact adhesive was a 
combination of Avery-Dennison self- 
adhesive labels and 3M brown strap- 



I. Pulping conditions 

Case Temperature pH 

Laser 
deinking 

chemistry Comments 

1 120°F 8.4 
(5ooc) 

150°F 11.0 
(65°C) (w/NaOH) 

3 150°F 11.0 
(65°C) (w/NaOH) 

No 

No 

1% on ad 
fiber 

(20 Ib/ton) 

"Mild" conditions usually sufficient to defiber 
ledger grades; not recommended for laser deinking 

"Harsh" conditions with no laser deinking chemical 

"Harsh" conditions with laser deinking 
chemical 

ping tape. Both are primarily rub- 
ber-based, pressure-sensitive adhe- 
sives. The hot-melt glue was an 
ethylene vinyl acetate with a melting 
point of 78°C. 

Pulping procedures 
Pulping occurred in a 4-ft- (1.2-m-) 
diam. Black Clawson Hydrapulper, 
and a 170-1b (77-kg) batch of AD fi- 
ber was used for each run. The stock, 
diluted with city water to achieve a 
5% consistency, was agitated with a 
2-ft- (0.6-m-) diam. low-consistency 
rotor at 450 rpm for 45 min. The 
repulped stock was then extracted 
through a plate with 0.625-in. (1.6- 
cm) holes. The three runs, identical 
in every aspect except for the pulping 
conditions, are outlined in Table I. 

Stock preparation 
Figure 2, a flow diagram of the pilot 
trial plan, contains data on pertinent 
process setpoints. The extracted 
stock was dumped into a stainless 
steel tank. This tank was then agi- 
tated and had closed-loop tempera- 
ture  control via direct  s team 
injection. The stock was diluted to a 
2.0% consistency with city water; a 
diluted stock temperature of 120°F 
(50°C) was maintained for all sepa- 
ration processes. 

The stock for each run was coarse 
screened to remove unpulped fiber 
bundles and large contaminants such 
as staples, plastics, and adhesive 
backings. Large debris remaining in 
the stock could influence analysis of 

the results, and coarse screening was 
not expected to remove significant 
quantities of ink or problematic 
stickles. The equipment for coarse 
screening was a Voith Mini-Sorter 
Size "0" pressure screen, operated 
with a 0.062-in. (1.6-mm) contoured 
hole basket. The pressure drop 
across the screen basket was unde- 
tectable as the flow rate was well 
below screen capacity. 

After coarse screening, the stock 
was split into three parallel flows to 
determine the separation efficiencies 
of the individual unit processes. All 
stock was stored, agitated, and 
heated in stainless steel tanks. A par- 
allel-flow design was chosen to com- 
pare the stickles removal efficiency 
of each process rather than that of 
their combined performance as a se- 
ries system. Each piece of equipment 
was operated at the consistency pre- 
viously identified as optimal. 

Stickles separation processes 
A portion of the coarse-screen ac- 
cepts was diluted and screened; fine- 
slotted screening was performed with 
the Voith Mini-Sorter. This time a 
0.006-in. (0.15-ram) slotted profile 
basket was used, and the mean pass- 
ing velocity across the screen basket 
was approximately 0.7 m/s. Any pres- 
sure drop across this screen was un- 
detectable,  as with the coarse 
screening. 

Another portion of the coarse- 
screen accepts was diluted and 
through-flow cleaned using a Black 

Clawson X-Clone. A single 3-in.- (76- 
mm-) diam. cone was used to process 
the stock. The remaining coarse- 
screen accepts were diluted and for- 
ward cleaned. Forward cleaning was 
performed using a Hymac HY80X 
centrifugal forward cleaner cone, and 
a single 3.1-in. (80-mm) cone was used 
to process the stock. 

Composite samples were taken 
from the pulper in addition to the 
feed, accepts, and rejects of each 
separation process. Each run was 
completed and the system was thor- 
oughly flushed before the next pulper 
batch was started. 

Fate of stickles in the pulper 

Macroscopic contaminants 
Experimental. Macroscopic ink and 
stickle-ink "combined" contaminants 
were quantitatively measured using 
the ASA-2000 Automatic Sheet Ana- 
lyzer (9). This system measures dirt 
and foreign particles in finished pa- 
per, board, and handsheets. We could 
not differentiate between the two 
contaminant types. The stickle-ink 
aggregates took on a gray-black ap- 
pearance due to the inclusion of la- 
ser inks. Once the combined level of 
macroscopic ink and stickle-ink con- 
taminants was determined, efforts 
were made to quantify the level of 
ink-free macroscopic stickles in the 
furnish. 

The level of ink-free macroscopic 
stickles for each pulping condition 
was determined by staining the 
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2. Pilot trial plan summary 

Sorted white ledger furnish 
Stickles 

1 iateiemicals 

Diluted wte  
Pulping: 5% consistency, 45 rain 

Case 1: 12(]°F (50°C), ambient pH 

Case 2: 15(]°F (65°C), pH = 11 

Coarse screen 
0.062-in. (1.6-ram) holes 

2.0% consistency, 120°F (50°C) L ~ - - ~ !  Accepts 
80 gal/min (303 L/rain) Feed ~ 

_J_. Rejects = 11% wt. 

Accepts I ~  I Feed 1.3% consistency, 120°F (50°C) 

Fine screen ~ 80 gal/min (303 IJmin) 
0.008-in. (0.15-ram) slots _L.. Rejects = 20% wt. 

Case 3: 15(~,°F (65°C), pH = 11,1.0% 
deinking chemical on dry fiber Accepts 

Through~-flow cleaner A - Feed 0.8% consistency, 120°F (50°C) 
15 psig (105 kPa) AP / k TM 41 gal/min (155 L/rain) 

_J_Rejects = 4% wt. 

4 ~ATccepts  
Forward cleaner 
30 psig (210 kPa) AP k /_- Feed 

i Rejects = 

0.55% consistency, 120°F (50°C) 
30 gal/min (114 LJmin) 

20% wt. 

Diluted 
water 

Diluted 
water 

Diluted 
water 

sheets with black ink (10). This stain- 
ing method permitted absorption of 
the ink by the hydrophilic fibers, 
while the hydrophobic stickie con- 
taminants did not absorb the ink. 
Each pulper sheet was immersed in 
Higgins ink for 30 seconds, pressed 
between blotters to remove excess 
ink, and air-dried overnight. Quan- 
titative sheet analyses were per- 
fo rmed  using the ASA-2000 
Automatic Sheet Analyzer and re- 
verse mode imaging (viewing light 
contaminant particles on a black 
background). A direct comparison 
of macroscopic contaminant levels 
for each pulping condition was made, 
and macroscopic contaminants were 
specified as those that measured 

greater than 160 ~tm in diameter. 
Results. Figure 3 shows the par- 

ticle size distribution of inks and 
stickle-ink combination contami- 
nants in the pulper stock under the 
three pulping conditions. Contrary 
to expectations, harsh pulping con- 
ditions (Cases 2 and 3) did not pro- 
duce a greater  number of small 
particles (< 200 pm) compared to 
Case I (mild pulping conditions). 

Chemical treatment under harsh 
pulping conditions (Case 3) greatly 
increased the size of the aggregates, 
thereby reducing the number of par- 
ticles detected. It was clear that, in 
the presence of the laser-deinking 
chemical, inks and stickie-ink con- 
taminants  tended to aggrega te  

rather than disperse under the harsh 
pulping conditions of Case 3. Typi- 
cal ink aggregates and stickie-ink 
combination contaminants in the 
macroscopic size range are displayed 
in Figs. 4 and 5, respectively. 

The particle size distribution of 
aggregates in the coarse-screen ac- 
cepts (Fig. 6) was similar to that in 
the pulper stock for each pulping 
condition. This was expected, as the 
coarse screen is primarily designed 
to remove large pieces of tape, la- 
bels, and unpulped fiber bundles; it 
does not remove significant quanti- 
ties of ink and stickie-ink contami- 
nants. 

Staining showed very few macro- 
scopic ink-free stickies in the pulper 
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3. Normal ized particle size distribution: pulper  stock 
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4. Ink aggregates 

stock in all cases. The coarse-screen 
accepts were also dyed, and no mac- 
roscopic ink-free stickies were iden- 
tified. These observations confirmed 
that few "free" macroscopic stickies 
existed after repulping. Nearly all 
stickies existed after repulping, and 
most stickies in the macroscopic size 
range are associated with the laser 
inks. 

Microscopic contaminants 
Experimental. As discussed earlier, 
the harsh pulping conditions with 
chemical treatment enhanced aggre- 
gation of inks and stickie-ink contami- 
nants. As a greater number of stiekies 
were associated with inks, fewer dis- 
persed (ink-free) stickies should re- 
main in the pulper stock. To prove 
this hypothesis, the microscopic fluo- 
rescence test method was used to 
quantify the level of dispersed colloi- 
dal stickie particles in the furnish. 

Fluorescence-reflected light illu- 
mination is a method used to study 
material that can be made to fiuo- 
resce, either in its natural form or 
when treated with chemicals capable 
of fluorescing (11). Compounds that 
fluoresce in their  natural  form 
(autofluorescence) generally contain 
alternating single and double bonds 
between the atoms or contain aro- 
matic rings. The stickie contami- 
nants  used for this s tudy  
(commercial hot melts and contact 
adhesives) autofluoresced. 

For video imaging and recording, 
a photo-eyepiece and a parafocalizing 
adapter connected the video camera 
to the microscope. The image on the 
video screen was interfaced with an 
image analysis program. This al- 
lowed collecting multiple fields of 
fluorescent particles across the 
handsheet. The software only de- 
tected fluorescent stickie particles 
and not the laser inks present on 
each sheet. To collect statistically 
reproducible data, 40 fields were 
counted on each sheet; the data were 
analyzed using Lotus software. The 
total number of particles, mean di- 
ameter, and total contaminant area 
were reported. 

Results. The number of micro- 
scopic ink-free stickies was 47% 
lower for Case 2 (harsh pulping con- 
ditions with no chemical treatment) 
and 54% lower for Case 3 (harsh 
pulping conditions with chemical 
treatment) when compared to the 
mild pulping conditions of Case 1 
(Fig. 7). 

For the coarse-screen accepts, the 
number of microscopic stickies for 
Cases 2 and 3 was lower than for 
Case 1 (Fig. 8). Relative percent- 
ages shifted in the coarse-screen 
samples due to the lower counts seen 
in Case 1. Fewer ink-free micro- 
scopic stickie particles in the Case 2 
and Case 3 samples were a result of 
the stickie contaminants' association 
with laser ink under harsh pulping 
conditions. 
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Effect of separation processes 
on stickie removal e!~ciency 

Macroscopic contaminants 
Experimental. The ASA-2000 sheet 
analyzer was used to determine any 
change in macroscopic contaminant 
level (both ink and stickie-ink ag- 
gregates) across each mechanical 
removal process. Using the coarse- 
screen accepts as the "universal 
feed" for each pulping condition, per- 
cent contaminant removal efficiency 
was calculated based on the change 
in total contaminant ~ e a  across each 
mechanical process. 

Results. The efficiency of me- 
chanical separation processes at re- 
moving the ink and stickie-ink 
aggregates from the stock is pre- 
sented in Fig. 9. The forward cleaner 
provided the most efficient removal 
regardless of pulping conditions, and 
fine screening appeared to be more 
effective than through-flow cleaning. 
In all cases, the performance of the 
through-flow cleaner was marginal 
in removing contaminants. Gener- 
ally, contaminant removal efficiency 
increased from mild to harsh pulping 
conditions and increased further  
with laser-deinking chemical treat- 
ment. 

As seen in Figs. 3 and 6, the diam- 
eter of the aggregate particles was 
significantly larger in Case 3. This 
diameter increase should make fine 
screening more efficient. Screening 
efficiencies were 23%, 33%, and 63% 
for Cases 1, 2, and 3, respectively 
(Fig. 9). 

The ink and stickie-ink contami- 
nants  that  were  not chemically 
tz'eated had an average density of 
about 1.03 g/cm ~. A slight increase in 
particle density with chemical treat- 
ment was observed, with the aver- 
age density being approximately 1.05 
g/cm 3. In addition to the density in- 
crease, a development of spherical- 
shaped aggregates was noticed when 
pulping under Case 3 conditions. The 
subtle increase in aggregate density 
combined with larger size develop- 
ment and attainment of a spherical 
or granular shape resulted in im- 
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5. Stickle-ink combination contaminants 

6. Normalized particle size distribution: coarse-screen accepts 
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proved contaminant removal by for- 
ward cleaning. The forward cleaner 
efficiency increased from 46% in 
Case 1 (mild pulping conditions) to 
81% in Case 2 (harsh pulping condi- 
tions) and was 98% in Case 3 (harsh 
pulping conditions with chemical 
treatment). 

Microscopic contaminants 
Experimental. Fluorescence-re- 
flected light illumination was used 

to determine the effect of the me- 
chanical separation processes on the 
removal of microscopic stickle con- 
taminants. For each pulping condi- 
tion, the universal feed (coarse- 
screen accepts) was compared to 
each mechanical separation process, 
and percent removal efficiency was 
calculated based on stickie contami- 
nant count. 

Results. Measurements showed 
that the mechanical separation pro- 
cesses were effective in removing 



7. Counts  of  microscopic st ickies in the 
pulper stock (diam. < 160 tim) 
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microscopic stickies in certain cases 
(Fig. 10). However, the removal ef- 
ficiency was lower than that seen for 
macroscopic aggregates. One pos- 
sible explanation is that some mi- 
croscopic stickie particles were 
loosely associated with macroscopic 
aggregates due to their hydropho- 
bic nature. 

With the exception of the Case 2 
fine-screening process, the trends 
for mechanical removal of micro- 
scopic stickies were the same as 
those for macroscopic contaminant 
removal. The forward cleaner pro- 
vided the highest removal efficiency 
in each case, with Case 3 showing 
the highest level of removal effi- 
ciency. A "negative" percent removal 
indicated the counts in the accepts 
were higher than those of the feed 
(Fig. 10). This implied that the par- 
ticles were broken up under high 
shear force (e.g., with a fine screen). 
The slightly negative removal effi- 
ciency for the through-flow cleaning 
in Case 1 was probably due to ex- 
perimental error. 

Compared to the pulper sample, 
a dramatic increase in stickies count 
for the fine-screen accepts in Case 2 
was observed. This indicated the 
stickies and stickle-ink contaminants 
were loosely associated and could 
not withstand high shear stress. This 
phenomenon supports the general 
opinion that harsh pulping conditions 
may result in stickle problems on 

8. Counts  of microscopic st ickles in coarse-  
screen accepts (diam. < 160 ~m) 
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the paper machine (e.g., difficulty in 
mechanical removal and later re- 
aggregation). In contrast, this phe- 
nomenon did not occur in Case 3. 
Chemical treatment rendered strong 
bonding of the aggregates, allowing 
them to remain intact during fine 
screening and significantly improv- 
ing mechanical separation efficiency. 

Figure 11 shows the correlation 
between microscopic stickies re- 
moval and macroscopic contaminant 
removal. Note that data from the 
Case 2 fine-screen accepts were not 
used for the correlation due to the 
breakup of contaminants. A linear 
relationship for all other conditions 
was clearly shown. It was evident 
that mechanical processes, which 
removed significant amounts of the 
macroscopic contaminants, also re- 
moved substantial amounts of mi- 
croscopic stickles. 

Based on these macroscopic and 
microscopic studies, a solid conclu- 
sion can be drawn: Harsh pulping 
conditions with chemical treatment 
enhanced ink and stickie-ink aggre- 
gation. This, in turn, improved me- 
chanical separation efficiency. In 
commercial processes, cleaning and 
screening are performed in series 
rather than in parallel. As a result, 
the compounding higher removal ef- 
ficiencies would reduce the number 
of stickies reaching the paper ma- 
chine. This is essential for maintain- 

ing machine efficiency and final prod- 
uct quality. 

Nature of sticldes remaining 
with pulp 

Experimental 
The Stickies Deposition Test (12) 
was used to measure the amount of 
active stickies that tend to deposit 
onto hydrophobic surfaces such as 
wires and felts. The deposition ten- 
dency of contaminants can be af- 
fected by their hydrophobicity,  
tackiness, softness, size, and shape. 

Recovered paper used in the con- 
verting process is defibered, allow- 
ing the release of adhesives from 
the paper surface. Those stickie con- 
taminants that are considered "ac- 
tive" are those which are sufficiently 
tacky to deposit on paper machine 
surfaces. The Stickies Deposition 
Test quantified the level of "active" 
stickles in a given sample. A lower 
level deposited onto the polypropy- 
lene packing foam surface indicated 
a lower probability of deposition on 
the machine. 

Three replicates were performed 
for each pulper and forward cleaner 
accept case. This test compared the 
deposition tendency of the stock 
sample containing the highest con- 
tamination level (pulper) to that ex- 
pec ted  to contain the  lowest  
contamination level (forward cleaner 
accepts). 

Results 
We believed that harsh pulping con- 
ditions and chemical treatment had 
an impact on stickie characteristics. 
Figure 12 shows active contaminant 
content (expressed in grams per 
metric ton) in the forward cleaner 
accepts. The "active" contaminant 
level in Case 2 was the highest of the 
three pulping conditions (460 vs. 260- 
290 g/metric ton). This provided 
some evidence that contaminants 
generated in Case 1 (mild pulping 
conditions) and Case 3 (harsh condi- 
tions with chemical treatment) had 
less tendency to deposit onto paper 
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Re clin 
9. Efficiency of macro.,~copic contaminant removal by different me- 
chanical cleaning processes (diam. > 160 I~m) 

10. Efficiency of microscopic stickles removal by different mechani- 
cal cleaning processes (diam. > 160 #m) 

11. Correlation between microscopic stickies 
removal and macroscopic contaminant re- 
moval 

12. Active contaminants in forward cleaner 
accepts 

13. Active contaminants in the pulper stock 

7O 

40 • 

30 • 

20 J • 
10 

0 

-10 . . . . . . . . . .  ~ . . . . . .  10 20 30 '~10 50 60 70 80 90 

MACROSCOPIC CONTAMINANT 
Ri'MOVAL, % 

machine surfaces than those gener- 
ated under hars:h conditions with no 
chemical treatment. 

One could argue that the lower 
"active" contaminant content in Case 
3 was due to the small amount of 
stickies that remained after forward 
cleaning. As a result, the Stickies 
Deposition Test was repeated using 
the pulper stocks, representing the 
highest level of active contaminant 
content for all eases. Similar trends 
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were again evident (Fig. 13). Chemi- 
cal treatment of stickle contaminants 
under harsh pulping conditions in 
the presence of laser inks did not 
increase deposition potential when 
compared to contaminants gener- 
ated under industry-accepted mild 
pulping conditions. 

Conclusions 

It has been demonstrated that ORP 
can be deinked under harsh pulping 
conditions, using appropriate chem- 
istry, without an increase in stickles 
loading to the paper machine. The 
following conclusions were drawn 
from this experiment: 

• Microscopic studies showed that 
fewer discrete stickies existed in 



the pulper stock in Case 3 (harsh 
pulping with chemical) than in 
Case 1 (mild pulping with no 
chemical) or in Case 2 (harsh 
pulping with no chemical). Mac- 
roscopic studies showed few dis- 
crete ink-free stickles in any case. 

• Harsh pulping conditions without 
chemical t r ea tmen t  (Case 2) 
slightly enhanced the association 
of ink and stickle-ink contami- 
nants. However, the contaminants 
possessed a loosely packed struc- 
ture that broke up under high 
shear stress (fine screening). 

• Harsh pulping conditions with 
chemical treatment (Case 3) dra- 
matically enhanced the aggrega- 
tion of ink and st ickle-ink 
contaminants. These aggregates 
had higher density, larger size, 
and stronger bonding character- 
istics (particle integrity) than 
those particles seen in Case 2. 

• Chemical treatment (Case 3) sig- 
nificantly improved macroscopic 
and microscopic contaminant re- 
moval during forward cleaning. 

• Under the test conditions, for- 
ward cleaning was the most effi- 
cient removal process.  Fine- 
screening efficiency improved 

only with the combination of in- 
creased particle size and ira- 
proved aggregate bonding seen 
in Case 3. Through-flow cleaning 
provided only marginal contami- 
nant removal for all cases. 

• Microscopic dispersed stickles 
removal efficiency exhibited a 
strong correlation with macro- 
scopic contaminant removal effi- 
ciency. 

• The dispersed stickles concentra- 
lion remaining with the pulp af- 
te r  mechanical  separa t ion  
processes was significantly lower 
with chemical treatment in the 
pulper than without chemical 
treatment. 

• Contaminants from Cases i and 3 
were less prone to deposition than 
those from Case 2. Laser -  
deinking chemical treatment did 
not increase contaminant deposi- 

lion potential. []  
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