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Challenges remain but benefits include increased filler use, cost
optimization and sustainability effects

INCREASE HYP

IN FINE PAPER FURNISH

eplacement of HWK pulp with high-yield pulps

(HYP) in UCFS and CFS offers some furnish

cost optimization, but is also driven by certain
quality improvements and sustainability benefits.
Recent renewed interest in this trend could be expected
as HYP addition assists another very important trend
in the industry - increasing sheet filler content. The in-
creased bulk, stiffness and opacity offered by HYP have
allowed papermakers to reach even higher filler levels.

There are technical and regulatory barriers that
affect the introduction of HYP into fine paper furnish.
Standards for paper permanence vary by country,
but most agree to; the paper being produced under
alkaline pH, inclusion of carbonate as filler (minimum
2% is often quoted), and defining maximum level of
lignin content (typically <1%). The lignin content limi-
tation was included in early standards and was based
on the belief that lignin contributes to the increased
rate of degradation of paper produced with mechani-
cal fiber. Extensive research in Canada determined
that the effect of lignin on permanence of paper
produced at alkaline pH, filled with calcium carbon-
ate and without alhum is negligible. This led to the new
Canadian permanence standard (CAN/CGSB-9.70-
2000), the first to be based on physical performance
criteria rather than on furnish composition. The limit
on lignin content (below 1%) remains in place only for
papers with a brightness stability requirement.
Furnish cost reduction is different for integrated

mills versus mills using purchased HYP and de-
pends strongly on normal pulp price fluctuations.
With $100/ton price differential, a mill producing
200,000 tons/yr at 10% substitution rate could save
$20,000,000/yr. With all other conditions constant,
20% HYP substitution increases bulk up to 10%,
stiffness up to 5%, and opacity up to 2%. Although
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these numbers may differ between applications, they
provide a general picture of the benefits that HYP may
offer. Increased wood utilization, lower effluent flows
and concentrations, lower air emissions and less solid
waste sent to landfill are some of the sustainability
benefits when comparing the production processes of
HYP and HWK.

It may be expected that with further understand-
ing of the permanence mechanisms and the benefits
offered by HYP application, changes in regulations
will gradually follow and lead to further extension of
grades and regions where these pulps are utilized.

In some countries, HYP levels in woodfree paper are
commonly 10-15%, with some mills exceeding 30%.

As regulatory barriers on permanence diminish
and HYP levels increase, both operational and quality
issues will become more important. The purpose
of this paper is to define the current solutions and
future needs for papermakers seeking higher utiliza-
tion of HYP

DISCUSSION

Different HYP production processes (BCTMP APMP
PRC-APMP) involve mild chemical treatment, mechani-
cal refining and bleaching resulting in pulps of similar
quality regardless of process at a yield of B0-90%. Ac-
cording to Ni', up to 50% of HYP could be used in most
printing and writing grades, coated and uncoated.

As mentioned previously, HYP offer many ben-
efits in terms of economics, environmental footprint
and paper properties. At the same time, the use of
HYP can impact paper machine operation and final
product quality therefore presenting serious chal-
lenges to papermakers. . The benefits and challenges
presented by the use of HYP are listed in Table 1.
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Tahle 1 - The most importamt benefits and barriers In HWK replacement with HYP
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CATIONIC DEMAND

Exposure of HYP to high pH in the bleaching and/or
refining stages affects the surface chemistry of the Aber
and the level of soluble and colloidal impurities impact-
ing paper machine perfformance and final product
quality. Higher the brightness and strength specifica-
tions for HYP pulps require higher caustic dosages in
pre-treatment or bleaching stapes, and cause higher
levels of contamination™. The limited washing capahil-
ity of HYT manufacturing installations and a trend to
reduced water consumption further magnifies levels of
contaminations and related challenges.
De-acetylation of hemicelluloses and de-methyla-
tion of pectins generates low-maolecular weight organic
acids, contributing to COD and higher-molecular weight
pectic acids, such as polygalacturonic acids [PGA) that
contribute to increased cationic demand and affect per-
formance of retention, drainage, pitch control and sizing
applications. PGA may represent up to 50% of the cat-
ionic demand found in peroxdde bleached mechanical
pulps™. Ni*l reported un-pressed aspen HYP having a
total cationic demand of 108 4peq/ g as compared with
16.6peq/g and 19.4peq/g for bleached SWE and HWEK
pulps, respectively. The dissolved colloidal fraction of
cationic demanvd was reported as 345, 2.7 and 3.8pEqg/g
for HYP, BSWEK and BHWE, respectively. 1t was observed
in our field studies that increasing the pH of fumish
from 5 to 7 results in approsimately a 30% increase in
cationic demand. Our experience indicates that at 30%
HYP replacement, FPAR can drop by as much as 20% if
no modifications to chemical programs are made. This
is in agreement with data published by Ni®. Pruseyn-

ski*l discusses the pros and cons of various strategies
used to control aniomic trash. Mi et al @, reported that
once soluble anionic trash is neutralized with coagu-
lants, HYP fibers, due to their higher surface charge, can
contribute positively to filler retention.

AVAILAEBLE STRATEGIES

* (osely monitor HYP cationic demand levels for

» Pruszynski and Orowski™ presented the
development of cationic demand specifications for
market BCTMP pulp.

+ Coagulant application:

- Set reasonable goals for reducing cationic
demand. Excessive charge reduction targets may
not be cost effective and could lead to runnability
problems.

- Different ratios of organic and inorganic
coagulants used in a given system often provide
best resulis.

- In selecting and applving coagulants for charge
control in fine paper applications, avoid eroding
terial, and minimize effect on optical brightening
agenis (OBA). Malco HYBRID™ technology of lower
charge fixatives meets all these regquirements.

- Since most fine paper systems operate at high
pH, quaternized cosgmlants are recommended o
eliminate pH charpe sensitivity.

- Target HYP stream prior to mixing with other
components of fumish.

- Use coagulanis strategically prior to such
applications as starch, synthetic strength prod-
ucts and sizing to shield from undesired interac-

» Optimize bleaching processes (replacing NaOH
with Mg{OH),, optimizing the alkalinity ratio in
permdde bleaching, optimizdng the usage of chel-
ants and sodium silicate) and maximize washing
through available thickening stages.

» Enzymatic treatment of PGA with pectinase displays
high effectiveness without any negative impact

on paper machine operations or paper qualipgs©

{Fig.1). Although many mills would be prevented

from using this technology, mainly due to process

pH (pH 5-5.5 optimum), the exceptional effective-
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ness of pectinase justifies reviewing this opportunicy: Filler pre-treatment was found to be avery effec-
Modification of the retention program with the poal | tive solution in a case based on a machine producing
of reducing sensitivity to cationic demand leveland | 5C grades with an operating svstem running at very
its variability, may inchide new chemistry selection, | high cationic demand conditions™. Figure 2 demon-
modification of addition points and filler pre-treat- | strates how the removal of 1kg/ton of coagulant added
ment strategy. directly to the filler line resulted in approximately a
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30% increase of the Aocoulant flow required to reach
sheet ash target at a constant whitewater consistency.

CONDUCTIVITY

Conductivity affects the degree to which individual
charges interact and has impact on colloidal stability and
the performance of polymers for retention and drainage.
Increased conductivity reduces repulsive forces between
charges on the flocculant molecule &5 it assumes coiled
conformation that reduces its ability for bridging.

Prussymski™ studied the effect of increased conduc-
tivity on performance of a number of typical retention
programs at pH=5 and pH=7, Fig. 3.

AVAILABLE STRATEGIES

« Monitor the conductivity level of the HYP stream,
determine its variability and understand its sources.

* Install an online conductivity probe in the HYP
stream and HB and look for correlations with paper

* Consider pre-mixing coagulant with a cationic
flocculant solution. This has typically improved
the perfformance of the flocculant especially at
increased conductvity levels, Fig.4.

If needed, in case of extreme conductivity buildup,
consider more extensive changes to the retention
program including multi-component programs (dual
flocculant programs) or incorporation of bentonite

rypically added upstream in the thick-stock area.
High and varving conductivity negatively affects
colluidal stability and requires early and gentle
focation of colloidal particles (pitch) to avoid
apglomeration

Consider a higher degree of substitution (DS)
starches to better survive higher conductivity levels

and improve strength and sizing applications’

EXTRACTIVES

Hardwood HYP introduces increased levels of rela-
tively unstable natural pitch to the systermn and may

machine data. potentially increase machine deposit potential.
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Fig. 4 - with total coagulant dosage constant, moving the feed point of coagulant
from pre-screen (1) to the flocoulant dilution water line (2) significamtly

reducesflocoulant flow required to meet the whitewater consistency target

AVAILABLE STRATEGIES

* Measure the level of extractives in vour source of
HYP with a consistent total extractives measurement.

+ Evaluate the physical form of extractives in HYP
shurry microscopically to determine amount and
particle size. A pitch particle that increases to twice
its diameter is 8-times heavier and much less stable.

+ Application of Nalco HYBRID coagulants was found
to promaote desired attachment to the fiber with lim-
ited colloidal agglomeration™ and have low impact
on fiber zeta potential and OBA performance.

+ Operate thickening stages in the pulp mill at as
high a pH level as possible to maximize extractives
remowval without brightness loss.

+ Fix colloidal particles to fibers and fines as early as
possible to prevent agglomeration.

» Apply foative treatment to the thick stock but
closer to the headbox (machine chest pump inlet)
for final polishing treatrment.

* Measure the hardmess level and control pH in
systems that use calcium carbonate fillers to avoid
calcium ion saponification of pitch.

* Optimize microbiclogical treatment and broke
operating strategies to prevent pH depression any-
where in the system, especially in large broke towers.

BRIGHTNESS AND OBA FERFORMANCE

HYTP can be produced at a very high brightness and
their addition even at high fiber substitution levels
may not affect brightness significantly. However, the
lignin content of these pulps results in a yellowing
tendenicy in the paper when exposed to UV or heat
and impacts the perfformance of OBA additives.
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VWIS light quenching by lignin explains the
lower level of fluorescence from OBA additives.
‘Wood-free coated grades of paper, with OBA added
a5 a part of the coating formulation, are less affected
a5 the integrity of the coating layer minimizes the
impact of the lignin present in the base sheet™.

MNi'" discussed the effect of HYP on brightness
stability in uncoated wood-free grades. Increasing
PCC filler content not only increased immediate
OBA performance levels but also sheet brighmess
stability. In avery elegant set of experiments, au-
thors"" demonstrated that combining the stabiliz-
ing effects of OBA and POC allows for the produc-
tion of papers with HYTP and high UV brighitness
stahility.

Interesting results were observed by Ni and
Prusnymski'™™ when studying the impact of surface
size treatment with Nalco's EXTRAWHITE® (EW)
brightness technology. Adding EW to the size press
formulation increased the brightness ceiling by about
2 units and the CEI whiteness ceiling by about 6 units,
Fig.5,6.

STREMNGTH

In terms of strength, HYP cocupy an intermedi-

ate position berween typical mechanical pulps

and chemical pulps. Gao ™ reviewed HYTP fiber
development strategies in terms of certain quality
expectations. These strategies indicate a number of
trade-offs between certain pulp properties such as
tensile, strength, and bulk. Increased fiber rigidity,
less external fbrillation, lignin content and higher
fines content reduce the strength of HYP compared
with kraft pulps. Some data indicate that increasing
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the content of HYP in a copy paper furnish from 0%
1o 20% decreased MD breaking length from 6.0 km
o 5.7 km (5% drop) and CD breaking length from 3.3
km to 2.9 km (13% drop). The tear index remained
practically unchanged. Other strength related issues
need to be considered, including surface strength

as related to offset printability issues, such as linting
and dusting. The effect to which HYP impact paper
strength depend on many factors and in some cases
at low substitution levels (10-15%) it was observed

that the synergy between HYP fines and HWEK con-
tent led o strength improvernent.

AVAILAEBLE STRATEGIES

» Optimize HYTP grade selection to best meet goals in
terms of cost and impact on quality. If possible, select
HYP grade with least impact on strength properties.

» Select starch with higher degree of substitution at
higher conductivite

110 * Bearing in mind the saturation of the dosage-re
sponse curve for starch application, consider the
use of synthetic strength materials.

105
_,_—-—-'j_—'—____-———_ * Pre-treatment of HYP with proper coagulant
2 o ,.__________— rvpically results inimproved cost effectiveness of
= —4— Mo ORA starch and synthetic strength additives.
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take advantage of established best practices from
mechanical grades in conjunction with new technol-
ogy development. Remedies for potential issues such
as increased levels of contamination and variability of
wet-end conditions, extractives controd, brightness,
and strength optimization were discussed in this
paper. The authors wish to emphasize that increased
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levels of cooperation between papermakers and spe-
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120 of increasing HYP continues. PP
— 3
10 Fa;.;&ﬁl— 3 ] Przem Pruszymski, David Sireis, Nalco, an Foolab
5 0 """ Company, Naperville, IL
E —a— No DBA
= 100 —=— 0.65% OBA LITERATURE
; a0 —h— 1,33% OBA I. NI Y.HE, Z, ZHANG, H. and ZHOU, Y., Proceedings
w —s¢— 1.097% DBEA af 4th Infernational Symposium of Emerging Tech-
0 60 nologies of Pulping and Papermaking, Guangzhou
_ 2010, p.1430-1435
o ¢ * 2 ZHANG, H., HE, Z, NI, ¥, H. HU and ZHOU, ¥, Ap-
&0 i . . . . . pita fournal, E0(5); 390-355 [2007)

3. THORNTON J, EKMAN R, HOLMBOM B, ECKER-
MAN C., Paperi jo Puu 1533, 756 426-431.

4. PRUSZYNGRT B QUINN M, KAMLIN B, SHERMAN
L WONG-SHING [, GOVONT 5., Appita Journal 2011,
G402, 168-174.

oo 02 04 08 08 .0 1.2 14 16 1.8 20
EIWI u5igﬁ. nﬂ"‘ﬂ'

Fip & - Effect of EW on the CIE whiteness celling of HYP-containing sheets

261 December 2012 Pulp & Paper International [(PPI)




chemicals

5. PRUSZYNSKI, B, ORLOWSKI, G., CPPA West Confer-
ence, Whistler 2003

& THORNTON JW, ECKERMAN CS, EKMAN RO.
HOLMBOM BR; US patent 5,847,812

7. REID M, RICARD M., Enzyme and Microbial Tech-
nology; 2000, 26(2-4); 115-123.

8. RICARD M, REID I, ORCCOTOMA J-A., Pulp and
Paper Canada 2005, 106(12); 78-83.

9. TOMNEY, T, PRUSZYNSKI, P, ARMSTRONG, J., and
HURLEY, R, Pulp and Paper Canada, 99 (8), 66,1958
10. PRUSZYNSKI B JAKUBOWSKI R., Appita journal
2006, 59(2); 114-119.

11. BEAUDOIN, R., GRATTON, R. and TURCOTTE R.,
J.Pulp Paper Sci.21(7), J238 (1995).

12. MAHER, L., STACK, K., McLEAN, D., RICHARDSON,

D, APPITA Annual Conference and Exhibition (2005),
59th, 115-122.

13.YUAN, Z, SCHMIDT J, HETTNER, C., et al, TAPPI ],
5(1):9-13 (2006)

14. He, Z, HUIL L., LIU, Z, N, Y., and ZHOU, Y. TAPPI
J.. 9(3); 15-20{2010)

15. NI Y., LONG, Z, PRUSZYNSKI P, unpublished work
16. GAO, Y, HUANG, E, RATBHANDARIL V, LI, K, and
ZHOU., Y., Pulp and Paper Canada, 28-33, July/August
2009,

To read more artides on Chamicals, visit our Chemicals
Tedmlogﬂumelatm.nu.ooml
technologychannelsichemicals

HARDENED § TAINI.ESS STEEL

TG&P Precision Finish
Non-Galling - PSQ

NASS 45°

“THE 4340 OF THE
STAINLESS WORLD”™
Fine Turned Oversize - “The Size Will Make The Size"

STOCKING SIZES
« Bar Stock to 8-3/4" Round

Long Lengths UpTo 30 Ft | Heavy Wall Rough
KEY ADVANTAGES Tumed Bushing Stock
» Similar Corrosion Resistance

to 316L Stainless - =-
« Machinable / Weldable

Gravity Strainers

for white water and fresh
water applications

FTLTERTEENIK bw AB

« An Upgrade For 304L. 316L. 410,
418,15-5 and 17-4PH Stainless - -

« NACE Approved For Sour Service

Tel +46 (0)8 26 91 05 = Fax +46 (0)8 26 91 85

(MR-01-75-97 Rev.) info@filterteknikbwese » wwwifilterteknikbw.se

Phone: 800.321.9310




