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Influence of pulp refining on
tissue paper properties

JURAJ GIGAC ano MARIA FISEROVA

ABSTRACT: We investigated the influence of refining conditions (refiner tackle type and specific edge load) on
bulk softness, absorbency, tensile strength, and wet tensile strength of bleached pulp. Commercial elemental chlo-
rine free (ECF) and totally chlorine free (TCF) bleached sulfite and kraft spruce, birch, and eucalypt pulps were used
in this investigation. We found that refiner tackle type and specific edge load had a significant influence on the evalu-
ated properties. Higher specific edge load when using a universal tackle increases softness and absorbency of hard-
wood kraft pulps. The highest tensile index of bleached hardwood kraft and spruce sulfite pulps was achieved by
fibrillation refining at low specific edge load (under 0.70 J/m). The wet tensile strength index of the tested pulps
beaten to 30°SR increased 3-4 times. Pulp refining increases wet tensile index and reduces water absorbency of
paper. Hardwood kraft pulps are suitable for production of tissue paper with high softness and absorbency. Spruce
sulfite pulps are suitable to achieve high bulk softness and low tissue paper absorbency. Birch kraft pulp is a good
choice if a higher tensile strength is required in addition to softness and absorbency. To manufacture tissue papers
with deep embossing, softwood kraft pulp is required because of its high strength properties.

Application: The results of this study can help tissue mills select pulp types and refining conditions best suited

to the papers they produce.

SOftness, absorbency, tensile strength, and wet tensile
strength are important properties of tissue paper;
the order of significance depends on end use. Selection
of suitable pulp grades and proper pulp processing is
required to achieve the softness of the product needed
for the user’s comfort and still maintain the necessary
strength level required in converting operations. Softness,
to a certain extent, is the result of subjective feelings. At
present, objective methods for evaluation of softness are
not available. Two types of softness can be distinguished:
so-called bulk softness and surface softness. Bulk softness
is the perception of softness obtained when the sample
is crumpled between the hands. Surface softness is the
perception of softness obtained when the fingertips
are lightly brushed over the surface of the sample [1,2].
Surface softness is a complex function of surface contours
and mechanical properties of tissue paper.

Surface softness is measured by scanning the sample sur-
face for irregularities with a pressure sensitive transducer. The
most applied method of perceptual surface softness evalua-
tion is testing one or more series of products by a group of
evaluators called panel testing. A paired comparison method
also can be used to evaluate surface softness [3-7].

Because bulk softness correlates well with tensional stiff-
ness, it is used for investigations of bulk softness. Tensional
stiffness is a product of elasticity module (Young'’s module of
elasticity) and thickness. Young’s module of elasticity is a
ratio of tensile force and elongation in the linear portion of
the tensile curve obtained on a tensile tester. Flexural rigid-
ity is also a function of elasticity module and thickness. For
this reason it is also suitable to measure flexural rigidity when
investigating bulk softness.

The ability to absorb liquids is a common requirement of
all creped sanitary tissue products, such as towels, facial tis-
sue, toilet tissue, paper diapers, or hospital bed pads. Several
factors contribute to high tissue absorbency, including the
type of pulp, wetting agents, and machine adjustments [8].
Tensile strength is important for high bulk in tissue paper
converting.

Wet tensile strength is an important property of tissue
products. The required wet strength level depends on the end
use. Towels must generally have the highest wet strength to
maintain integrity when used in liquid absorbency tasks. Toi-
let tissue is generally the tissue product of lowest wet strength
because the product must disintegrate rapidly when entering
the sewage system. Napkins and handkerchiefs are intermedi-
ate between towels and toilet tissue with regard to wet
strength [8]. Third-generation polyamidamine-epichlorhy-
drin resins containing minimum monomers are used to in-
crease the wet strength of tissue papers [9], but papers with
increased wet strength are difficult to repulp [10,11]. Recy-
cling of such paper is made easier by application of slot screens
(0.2 mm) after the deflaker; 20% of screenings are returned
to the deflaker [12,13].

The properties of tissue paper are influenced by input raw
materials and manufacturing technology [12,14]. Thickness,
elongation and crepe, tensile index, and stiffness of tissue paper
are influenced by the creping doctor contact angle, the opera-
tion time and service life of the creping doctor, adhesions of the
paper web on the Yankee cylinder, and properties of coating on
the Yankee cylinder [15]. Calendering of tissue paper improves
softness, but simultaneously reduces thickness.

The objective of this work was to investigate the influence
of refiner tackle type and specific edge load in refining of
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commercial bleached pulps on bulk softness, absorbency,
tensile strength, and wet tensile strength.

EXPERIMENTAL
Pulp samples
Commercial totally chlorine free (TCF) bleached birch kraft
pulp, elemental chlorine free (ECF) bleached eucalypt kraft
pulp, TCF bleached spruce kraft pulp, ECF bleached spruce
kraft pulp, ECF bleached spruce sulfite pulp, and TCF bleached
spruce sulfite pulp were used in these experiments.

Pulp pilot refining line
We used a steep cone Jylhi O refiner with universal and fibril-
lation tackle for refining. The universal refiner tackle has a
shorter bar length per second of 13.5 km/s and a small bar
angle of 14°. The fibrillation tackle has a high bar length per
second of 20.4 km/s, a large bar angle of 52°, and narrower
knifes and grooves on the rotor.

Pulp refining procedures
The commercial pulps were repulped at 4% consistency and
refined in a steep cone refiner at 3.5% consistency. Softwood
and hardwood pulps were refined with a universal tackle at
a specific load of 0.67-2.40 J/m. The fibrillation tackle was
used only for refining of hardwood pulp at a specific edge load
of 0.54-191 J/m. Spruce sulfite pulps were refined with the
same fibrillation tackle at a specific edge load of 0.54-1.37 J/m.
The flow of pulp through the refiner was controlled by an
ultrasound flow meter. Samples of refined pulp were collect-
ed in the range of 20°SR to 50°SR.

Testing methods

The following physical and mechanical properties of pulps
and test sheets from pilot refined pulps were determined:
beating degree, tensile index (according to ISO 1924), and
absorbency (according to EN 12623-3). Bulk softness was
measured as flexural rigidity; the lower the value of flexural
rigidity, the higher the bulk softness. We determined flexural
rigidity as bending resistance using TAPPI method T 556 pm-
95, at 80 g/m? basis weight, 15° bending angle, and 10 mm
distance between clamp and blade. Fiber strength was deter-
mined on a Pulmac Zero-Span 3000 tester according to ISO
standard 15361.

RESULTS AND DISCUSSION

Bulk softness
Birch kraft pulp, which has long and thin fibers, had the highest
bulk softness of all tested pulps. Bulk softness increases with
refining (Fig. 1); the increase is more marked at higher spe-
cific edge loads. The same trend of bulk softness increase with
increasing specific edge load was observed with both refiner
tackles, although the increase with fibrillation tackle, even at
high specific loading, was lower than with universal tackle.

Figure 2 shows the effects of beating degree on bulk soft-
ness of eucalypt kraft pulp. With increasing beating degree,
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1. Influence of refiner tackle type and specific edge load on
bulk softness of TCF bleached birch kraft pulp (refining condi-
tions: universal refiner tackle [U] — specific edge load 0.67, 1.04,
1.30, and 1.70 J/m; fibrillation refiner tackle [F] - specific edge
load 0.54 and 1.91 J/m).
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2. Influence of refiner tackle type and specific edge load on
bulk softness of ECF bleached eucalypt kraft pulp (refining con-
ditions: universal refiner tackle [U] — specific edge load 0.67,
1.04, 1.30, and 1.70 J/m; fibrillation refiner tackle [F] — specific
edge load 0.54 and 1.91 J/m).

bulk softness decreases to 25°-27°SR, depending on the re-
finer tackle type and specific edge load, then slowly increases.
For manufacturing tissue paper with maximal bulk softness,
universal refiner tackle at higher specific edge load is suitable
for refining birch kraft pulp. From a bulk softness standpoint,
eucalypt kraft pulp is less suitable because it has lower bulk
softness; and by refining, bulk softness even decreases to
about 27°SR. This pulp should be refined at higher specific
edge load to at least 35°SR. Best results (that is, highest bulk
softness) were achieved at higher beating degree and by ap-
plying a high specific edge load.

Figures 3 and 4 show the influence of beating degree
and specific edge load on bulk softness of TFC and ECF
bleached spruce kraft pulps. Bulk softness of TFC and ECF
bleached spruce kraft pulps refined with a universal refiner
tackle decreases steeply from 20°SR to 25°SR, depending on
specific edge load, and then increases slowly. TCF bleached
spruce kraft pulp is more sensitive to refining conditions. In-
creasing specific edge load significantly increases bulk soft-
ness of TCF pulp. Consequently, TCF bleached spruce kraft
pulp has higher bulk softness than ECF pulp. For the applica-
tion of both EFC and TCF bleached spruce kraft pulps in tissue
paper furnishes, refining with a universal refiner tackle at
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3. Influence of specific edge load of universal refiner tackle on

bulk softness of TCF bleached spruce kraft pulp (refining condi-
tions: universal refiner tackle [U] — specific edge load 1.30, 1.70,
2.00, and 2.40 J/m).
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4. Influence of specific edge load on bulk softness of ECF
bleached spruce kraft pulp in refining with a universal refiner
tackle (refining conditions: universal refiner tackle [U] -
specific edge load 1.30, 1.70, 2.00, and 2.40 J/m).

152
1.1 A,
- &
E b,
% 10
1
g
5
x 09
3
@
0.8
10 15 20 25 30 35 40 45 50
Beating degree ( °SR)
——1J-067 —8—1-1.04 U-1.30 U-1,70 —& -F-0.54 — -F-1.37

5. Influence of universal and fibrillation refiner tackle and
specific edge load on bulk softness of TCF bleached spruce
sulphite pulp (refining conditions: universal refiner tackle [U]
— specific edge load 0.67, 1.04, 1.30, and 1.70 J/m; fibrillation
refiner tackle [F] - specific edge load 0.54 and 1.37 J/m).

higher specific edge load up to 20°SR (max. 25°SR) can be
recommended. In terms of bulk softness, TCF bleached spruce
kraft pulp is more suitable. ECF bleached spruce kraft pulp is
not suitable for high softness products.

Figures 5 and 6 show the influence of beating degree
and specific edge load on bulk softness of TFC and ECF
bleached spruce sulfite pulps. Bulk softness of both pulps is
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6. Influence of universal and fibrillation refiner tackle and
specific edge load on bulk softness of ECF bleached spruce sul-
phite (refining conditions: universal refiner tackle [U] — specific
edge load 0.67, 1.04, 1.30, and 1.70 J/m; fibrillation refiner tackle
[F] - specific edge load 0.54 and 1.37 J/m).
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7. Influence of refining with universal refiner tackle on bulk
softness of bleached kraft and sulfite pulps (refining conditions:
hardwood kraft pulps and spruce sulfite pulps refined at spe-
cific edge load 1.7 J/m and spruce kraft pulps at 2.4 J/m; solid
marks indicate ECF bleached pulps, hollow marks indicate TCF
bleached pulps; circles indicate spruce kraft pulps, triangles
indicate sulfite pulps; squares indicate birch pulp, and rhom-
buses indicate eucalypt pulp).

practically identical in the whole range of beating degrees.
Best results with both sulfite spruce pulps are achieved by
refining at a high specific edge load. The highest bulk softness
was achieved with a universal refiner tackle at high specific
edge load. The advantage of TCF and ECF bleached spruce
sulfite pulps is high bulk softness, because sulfite fibers have
higher flexibility than kraft fibers.

Figure 7 shows changes in bulk softness of bleached
spruce sulfite pulps, bleached birch, eucalypt, and spruce
kraft pulps refined with a universal refiner tackle. Specific
edge load for the bleached spruce sulfite and kraft hardwood
pulps was 1.7 J/m, and 2.4 J/m for bleached spruce kraft pulps.
Bleached sulfite pulps have the highest bulk softness and,
consequently, impart high bulk softness to tissue papers.
Bleached birch kraft pulp has similar qualities as bleached
sulfite spruce pulps if it is refined to more than 35°SR.

ECF bleached spruce kraft pulp has the lowest bulk softness.
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8. Influence of refining with universal refiner tackle on absor-
bency of bleached kraft and sulfite pulps (refining conditions:
hardwood kraft pulps and spruce sulfite pulps refined at spe-
cific edge load 1.7 J/m and spruce kraft pulps at 2.4 J/m; solid
marks indicate ECF bleached pulps, hollow marks indicate TCF
bleached pulps, circles indicate spruce kraft pulps, triangles
indicate sulfite pulps; squares indicate birch pulp, and rhom-
buses indicate eucalypt pulp).
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9. Influence of refining with universal refiner tackle on tensile
index of bleached kraft and sulfite pulps (refining conditions:
hardwood kraft pulps and spruce sulfite pulps refined at spe-
cific edge load 1.7 J/m and spruce kraft pulps at 2.4 J/m; solid
marks indicate ECF bleached pulps, hollow marks indicate TCF
bleached pulps; circles indicate spruce kraft pulps, triangles
indicate sulfite pulps; squares indicate birch pulp, and rhom-
buses indicate eucalypt pulp).

TCF bleached spruce kraft and ECF bleached eucalypt kraft
pulps have significantly higher bulk softness. The different bulk
softness of TCF and ECF bleached spruce kraft pulps can be re-
lated to different cooking conditions (lower kappa number of
pulp for TCF bleaching) and to bleaching conditions.

Absorbency
Absorbency is another important property of pulps used in
tissue paper production. Several major factors contribute to
high tissue absorbency, such as pulp types, wetting agents,
and machine adjustments. Figure 8 shows the influence of
refining with a universal refiner tackle at specific edge load
of 1.7 and 2.4 J/m on absorbency of tested pulps. With in-
creasing beating degree, absorbency steeply decreases to
about 25°SR, then slowly increases. Bleached birch kraft pulp

30 TAPPI JOURNAL | AUGUST 2008

1600

=
£ 1400 P L
z et ®
£ 1200 —
x . - g
€ 1ooo — refined pulps 30 °SR
“é, 800 - R? = 0.7974
5 o
% 400 =1 — —_—— in )
g i _ — — — Tunrefined pulps
g | 0 R? = 0.8066
0
05 10 15 20 25 30

Weighted average fibre length ( mm )

10. Wet tensile strength index vs. weighted average fiber length
of bleached kraft and sulfite pulps (hollow squares indicate
unrefined pulps and solid squares indicate refined pulps; sulfite
pulps are in ellipses).
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11. Wet tensile strength index vs. absorbency relationship of
bleached kraft and sulfite pulps (arrow shows influence of
refining on relationship between evaluated properties; rhom-
buses indicate relationship of spruce kraft and sulfite pulps and
birch kraft pulp, triangles indicate relationship of eucalypt pulp;
marks in squares indicate unrefined pulps).

had the best absorbency of all tested pulps. The absorbency
of bleached eucalypt kraft pulp in comparison with bleached
birch kraft pulp is lower. To achieve the maximum possible
absorbency of tissue paper, it is advisable to apply a higher
specific edge load (1.7 J/m) for refining of bleached kraft
birch and eucalypt pulp. The absorbency of bleached spruce
kraft pulps is lower compared with bleached birch and euca-
lypt kraft pulps, but higher than the absorbency of bleached
spruce sulfite pulps. The absorbency is lowest for bleached
spruce sulfite pulps. If the highest possible absorbency of
tissue paper is required, then a universal refiner tackle and a
higher specific edge load (1.7 J/m) should be applied for re-
fining of bleached spruce sulfite pulps. Tissue papers from
kraft pulps are more absorbent than from sulfite pulps, ac-
cording to the literature [4].

Tensile index
Figure 9 shows the tensile index of tested pulps refined
with a universal refiner tackle and a specific edge load of 1.7
and 2.4 J/m. The tensile index of bleached spruce kraft pulps
is the highest. The tensile index of bleached birch kraft pulp
is also very high and reaches nearly the level of bleached
spruce kraft pulps. The tensile index of bleached eucalypt
kraft pulp is significantly lower and is comparable with the



strength of bleached spruce sulfite pulps. Tensile strength of
bleached spruce sulfite pulps is as much as 40% lower than
the tensile strength of bleached spruce kraft pulps. We ob-
tained the highest tensile index of bleached birch and euca-
lypt kraft and spruce sulfite pulps by fibrillation refining with
low specific edge load (under 0.70 J/m).

The fiber strength of tested sulfite pulps is significantly lower
than that of kraft pulps. Kraft spruce, birch, and eucalypt pulps
have a fiber strength of 77-90 Nm/g. The fiber strength of sulfite
spruce pulps is 59-61 Nm/g. This is why papers prepared from
sulfite spruce pulps have lower tensile strength.

Wet tensile strength
Wet tensile strength of fully wetted paper is by 1-2 place value
lower than fiber strength and is on the level of initial wet
strength, provided no wet strength additive was used in prep-
aration of test sheets. Figure 10 shows the influence of
weighted average fiber length on wet tensile strength of test
sheets. Birch kraft, eucalypt kraft, and spruce sulfite pulps
were refined on a conical refiner with universal refiner tack-
le and a specific edge load of 1.7 J/m. Spruce kraft pulps were
refined with the same tackle, but with a specific edge load of
2.4 J/m. Data for unbeaten pulps are represented in Fig. 10
by a dotted line with hollow squares; pulps beaten to 30°SR
are represented with a solid line and solid squares. The eval-
uated relationships are linear having a good correlation. By
refining pulps to 30°SR, wet tensile strength increases 3-4
times. The fiber length of spruce sulfite pulps is significantly
reduced by refining; however, kraft pulp fibers are shortened
minimally. In Fig. 10, the properties of sulfite pulps are
marked by a circle. Fiber length and fibrillation of fibers in-
fluence wet tensile strength of wetted paper similarly as ini-
tial wet strength of paper web (before drying).

Figure 11 shows the relationship between water absor-
bency and wet tensile strength separately for pulps with longer
fibers (spruce kraft and sulfite pulps, including birch kraft pulp)
and for pulps with shorter fibers (eucalypt kraft pulp). Unbeaten
pulps are represented by hollow squares; eucalypt kraft pulp by
triangles; and spruce kraft, sulfite, and birch kraft pulps by
rhombuses. Refining of pulps increases wet tensile strength and
decreases water absorbency. Application of eucalypt kraft pulp
in tissue furnishes leads to low wet tensile strength index which
isrequired in case of products such as toilet tissue. Spruce sulfite
pulps which have lowest absorbency and tensile strength (dry)
are suitable for the manufacture of toilet tissue in a furnish with
eucalypt kraft pulp. The application of spruce and birch kraft
pulps supports a suitable combination of absorbency and wet
tensile index, a combination required for towels.

CONCLUSIONS
The type of pulp, conditions of refining, and furnish composi-
tion influence the physical and mechanical properties of
paper and make it possible to fulfill various requirements of
sanitary papers. Bleached hardwood kraft pulps are used to
make tissue paper for facial tissue and napkins, where bulk
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softness and absorbency prevail. If greater strength is required
in addition to bulk softness and absorbency, bleached birch
kraft pulp can be used with advantage. The long and thin fi-
bers of birch pulp make it possible to fulfill various require-
ments on sanitary papers. If high strength and deep emboss-
ing is important, softwood kraft pulps should be used. Spruce
sulfite pulps have the lowest absorbency and (dry) tensile
strength are suitable for the manufacture of toilet tissue in a
mixture with eucalypt kraft pulp. The application of spruce
and birch kraft pulps in tissue papers supports a good combi-
nation of absorbency and wet tensile index, as required for
paper towels. Eucalypt kraft pulp in the furnish supports the
low wet tensile index required for toilet tissue.

Application of higher specific edge load when using a uni-
versal tackle increases the bulk softness and absorbency of
bleached hardwood kraft pulps. Refining pulp increases the
wet tensile strength of paper and decreases absorbency. TJ

ACKNOWLEDGEMENTS

This work was supported by the Slovak Research and Devel-
opment Agency under the contract No. APVV-99-004005.

Received: June 12, 2007
Revised: January 18, 2008
Accepted: January 24, 2008

LITERATURE CITED

1. Hollmark H., The Fundamental Properties of Paper Related to Its Uses,
Technical Division, The British Paper and Board Industry Federation,
London, UK, 1976, p.696.

2. Hollmark H., Tappi J. 66(2): 97(1983).

3. Johansson PA., “Subjective evaluation by pair comparison: pitfalls
to suggestions for the presentation of results,” 17th International
Associations of Research Organizations for the Information, Media
and Graphic Arts Industries (IARIGAI) Conference, Zagreb,Croatia,
1983.

4. Chareza C., Greve T., Géttsching L., Das Papier 39(7): 293(1985).
5. Ness C., Praast H., Renner K., et al., Das Papier 46(11): 641(1992).
6. Praast H. and Gottsching L., Das Papier 49(6): 348(1995).

7. Gigac J. and Krkoska P, Papir a celuldza, 57(12): 368(2002).

8. Escott, E., Abbort, J.C., Trosset, S., Properties of Paper — Introduction,
TAPPI PRESS, Atlanta, Georgia, USA, 1995, p. 179.

9. Eka Chemicals AB, “Process for the production of a nitrogen contain-
ing epihalohydrin polymer,” patent application, 2007; http://www.
wipo.int/pctdb/en/wo.jsp?lA=\W02007004972&DISPLAY=DESC.

10. Pahl, B.L. and Espy, H.H., Tappi Wet and Dry Strength Short Course,
TAPPI PRESS, Atlanta, 1988, pp. 31-37.

11. Espy, H.H., Geist, G.\W., Tappi J. 76(2):139(1993).
12. Ortner, G., Wochnbl. Papierfabrikat. 132(13): 806(2004).
13. Gigac, J., Fiserova M., Osvaldik Z., Wood Research 50(3): 73(2005).

14. Ortner G. and Hietanummi J., Wochnbl. Papierfabrikat. 132(18):
1070(2004).

15. Rozett C., Tissue World (2-3): 37(2005).

AUGUST 2008 | TAPPI JOURNAL 31



REFINING

INSIGHTS FROM THE AUTHORS

The tissue paper market demands quality and is high-

ly competitive. Quality requirements for various tis-
sue paper grades differ to a great extent.
Consequently, a high level expertise is needed when
manufacturing these products to fulfill the quality re-
quirements. Industry representatives asked us to in-
vestigate refining parameters of various pulp grades
in conditions similar to mill operations with regard to

their effects on specific tissue paper properties, espe-
cially softness. Fortunately, our Institute has an indus-
trial type Jylha 0 steep cone refiner with universal and

fibrillation tackle. The hardest decision was selecting
testing procedures suitable for quick evaluation of
pulps in mill conditions. Previously, we evaluated

softness by psychophysical scaling trials with several

testing persons. This is a good, but lengthy proce-
dure. Therefore, we decided to determine flexural ri-
gidity as a measure of bulk softness. We refined six
commercial softwood and hardwood pulps and sum-

sorbency, and
dry and wet
tensile index.
We also were
interested in
finding out
how wet tensile
index changes
with increased
weighted aver-
age fiber
length when
mixing softwood and hardwood pulps and the rela-
tionship between wet tensile index and absorbency.
The results of this study may help tissue paper mills
in improving the quality of their products.
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is director of pulping research at the Pulp and Paper
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marized the influence of refining on bulk softness, ab-
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Editor’s Note

JAN BOTTIGLIERI | EDITOR,
jbottiglieri@tappi.org

What do YOU want?

know my question may sound

rude, but I assure you my inten-

tions are honorable. I really do

want to know: as the readers

and authors of TAPPI JOUR-
NAL, what do you want and need from
this publication?

Over the past six months, we've
been working hard to improve the
TAPPI JOURNAL product for subscrib-
ers, contributors, and even non-sub-
scribing TAPPI members. We've put a
little color in your life on our cover
every month, we’ve added title transla-
tions in Chinese and Portuguese, and
we’ve even managed to slightly in-
crease the average number of peer-re-
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viewed papers per issue. We’ve also
been able to increase the publication’s
profile by including an expanded sec-
tion in each month’s issue of
Paper360°.

The results? TAPPI JOURNAL
subscriptions have reached their high-
est point in years! We’re so inspired
that we’re planning even more posi-
tive changes for 77 - you'll hear
about them soon. As we continue
our efforts, your input will be very
important.

So, out with it: what do you like
best about 77? Where can we stand to
improve even more? How do you pre-
fer to access the valuable information

T7J provides, and how do you use this
information? How can 7] best serve
you, or the industry at large?

Tell me a bit about yourself, too -
are you a long-time reader, a published
author, a newbie? Maybe you're a tech-
head in a nontechnical job, or a hard-
core TJ enthusiast who boldly reads 7]
at meetings, on planes and at family
weddings. Are you a “borrower” who
doesn’t currently subscribe, but enjoys
sneaking 77 off a coworker’s desk? (It’s
okay, I won’t be mad.)

Ilook forward to your feedback!
Thanks in advance to everyone in our
1] community. We appreciate your
input, and your support.



