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CHEMICAL PULPING AND BLEACHING

March 20, 1996 Agenda

ANNUAL PROGRAM REVIEW
8:00 Introduction/Committee Assignments
8:10 Chemical Fundamentals of Bleaching (Project F015/Thesis Research)
Ozone Bleaching Lucy Sonnenberg
Biobleaching /High Efficiency Peroxide Bleaching Art Ragauskas
Organosolv Bleaching . Brian Brogdon
9:30 Environmentally Compatible Production of Bleached Chemical Pulp
(Project F013)
Bleachability /Rapid Dg Bleaching Tom McDonough
10:15 Break
10:30 Closed Mill Operations (Project F017)
Impact and Control of NPE's Pat Byrant
Novel Methods of Metals Removal - Iron Alan Rudie
11:30 Pulping Studies (Project 3661/ Thesis Research)
Catalysts-from-Lignin Don Dimmel
Characterization of Residual Lignins Peter Froass
12:00 Adjourn
PAC MEETING
1:00 Discussion of Projects/Future Directions Paul Wollwage
5:00 Adjourn

iii



iv



CHEMICAL PULPING AND BLEACHING
PROJECT ADVISORY COMMITTEE

Chairman: Paul Wollwage, Phone 206-924-4002; Fax -6324; wollwap@wdni.com
Vice Chairman: Tadas Macas, Phone 609-844-7278; Fax -7323
IPST Laision: Don Dimmel, Phone 404-894-9705; Fax -4778; donald.dimmel@ipst.edu

Mr. Douglas Armstrong *(1996)

Mgr. of Pulping and Bleaching Res.
Georgia-Pacific Corporation

133 Peachtree, NE, P. O. Box 105605
Atlanta, GA 30348-5605

Phone 404-652-4613; Fax 404-584-1466

Dr. Allan J. Glinski *(1997)
Production Manager - Kraft Division
Consolidated Papers, Inc.

Corporate Offices, P. O. Box 8050
Wisconsin Rapids, WI 54495-8050
Phone 715-422-3246; Fax 715-422-3886

Mr. Steve Haywood *(1999)

Product Manager, Pulp Mill Products
Black Clawson Company

605 Clark Street

P.O. Box 160

Middletown, Ohio 45042

Phone 513-420-8379; Fax 513-424-1747

Dr. Harold L. Hintz *(1998)

Technical Assist. to the V. Pres. -
Corporate Research Director

Westvaco Corporation

299 Park Avenue

New York, NY 10171-0102

Phone 212-318-5412; Fax 212-318-5090

Mr. Lowell Lott *(1998)

Industry Specialist

Buckman Laboratories Intern., Inc.
1256 North McLean Blvd.

P.O. Box 80305

Memphis, TN 38108-0305

Phone 901-278-0330; Fax 901-276-5343

Mr. Jeff D. Burris *(1998)

Process Engineer

Temple-Inland Inc.

P.O. Box 816

Silsbee, TX 77656

Phone 409-276-3294; Fax 409-276-3419

Mr. Tom Haller *(1998)

Paper Applications Supervisor
Specialty Minerals Inc.

640 North 13th St.

Easton, PA 18042

Phone 610-250-3142; Fax 610-258-1203

Mr. John T. Henry *(1996)

Project Supervisor - Chemical
Development & Pulping

P. H. Glatfelter Co.

228 S. Main Street

Spring Grove, PA 17362-1000

Phone 717-225-4711; Fax 717-225-7454

Dr. Bruce A. Keiser *(1998)

Nalco Chemical Company

One Nalco Center

Naperville, IL 60563-1198

Phone 708-305-1000; Fax 708-305-2982
bruce.a keiser@
naperville.nalco.infonet.com

Dr. Tadas Macas *(1997)

Research Scientist

Union Camp Corporation

Research and Development Division
P. O. Box 3301

Princeton, NJ 8543-3301

Phone 609-844-7278; Fax 609-844-7323



Mr. G. R. Mannar *(1997)

Group Leader, Chem. Pulp. & Recyc.
Beloit Corporation

Pittsfield Research Center

448 Hubbard Avenue

Pittsfield, MA 01201-3822

Phone 413-445-3313; Fax 413-499-3155

Mr. Robert E. Packwood *(1997)

Man. Pulping and Bleaching, R&D
Potlatch Corporation

20 North 22nd Street

Cloquet, MN 55720-0503

Phone 218-879-2392; Fax 218-879-2375

Dr. Jean J. Renard (1999)

Vice Pres. Pulp and Paper Technology
REPAP Technologies Inc.

P.O. Box 766

2650 Eisenhower Avenue

Valley Forge, PA 19482

Phone 612-630-9630; Fax 610-630-0966

Dr. Glenn F. Rudie *(1997)

Bleaching Team Leader

The Mead Corporation, Research Div.
8th & Hickory Streets

Chillicothe, OH 45601-0000

Phone 614-772-3394; Fax 614-772-3595

Mr. Gary Sharpe *(1998)

Process Control Superintendent
Gilman Paper Company

P.O. Box 878

St. Marys, GA 31558-0878

Phone 912-882-0100; Fax 912-882-0730

Mr. Tod Sloan *(1997)

Senior Research Chemist

Boise Cascade Corporation

4435 N. Channel Avenue

Portland, OR 97217-7652

Phone 503-286-7412; Fax 503-286-7467

* The dates in () indicate the final year of the appointment.

Mr. Dale E. Nutter *(1996)

Senior Development Chemist
Champion International Corporation
Pensacola Mill - 375 Muscogee Road
P. O. Box 87

Cantonement, FL 32533-0087

Phone 904-937-4867; Fax 904-968-3077

Mr. Richard Picotte *(1998)

St. Laurent Paperboard Inc.

1000 Chemin de IiUsine

CP.914

La Tuque, Quebec G9X 3P8, Canada
Phone 819-676-8100 (ext 238); Fax -8120

Dr. John K. Rogers *(1998)

Vice President-Fiber Group

James River Corporation

1915 Marathon Avenue

P. O. Box 899

Neenah, WI 54956-0899

Phone 414-729-8340; Fax 414-729-8161

Mr. Ron Seefeldt *(1997)

Staff Research Associate

Appleton Papers Inc.

P. O. Box 359

Appleton, WI 54912-0359

Phone 414-749-8893; Fax 414-730-7243

Mr. Frederick A. Shearin *(1997)
Product Development Engineer
Buckeye Cellulose Corporation

1001 Tilman Road, P. O. Box 8407
Memphis, TN 38108-0407

Phone 901-320-8221; Fax 901-320-8394

Dr. Paul Wollwage *(1996)

Sr. Research Scientist

Weyerhaeuser Company

WTC2G25

Tacoma, WA 98477-0001

Phone 206-924-4002; Fax 206-924-6324
wollwap@wdni.com

Revised 3/11/96









Purpose

m Minimize potential environmental
impact of bleaching by improving
TCF, ECF sequences

m Optimize efficiency and selectivity of
ozone bleaching

Benefit

m Maximize ozone selectivity for specific
processes

m Understand fundamental reasons for
observed bleaching behavior

m Find factors that control lignin removal and
carbohydrate deterioration for application to
various processes throughout the industry



Related Work

m F013, Environmentally Compatible
Bleaching

m F015, Oxygen-based Bleaching

General Approach

m Find pulping, delignification, and bleaching
sequences that maximize lignin removal and
minimize carbohydrate degradation

m Characterize pulp and dissolved byproducts;
relate chemistry to bleaching behavior and
paper properties



Prior Results

m Efficiency and selectivity of ozone
bleaching depends on prior
delignification methods

m Moderate oxygen delignification
enhances ozone selectivity

Prior Results

m Ozone produces a high proportion of small,
acidic, soluble fragments at low ozone charges.

m However, ozone produces dissolved fragments
with a more uniform molecular weight
distribution than oxygen, which produces more
low molecular weight compounds.

m Oxygen delignification prior to ozonation causes
ozone to produce smaller dissolved fragments.



Goal

m Find and explain the dependence of
ozone bleaching on prior treatments,
including oxygen delignification and
different pulping processes

Approach







Results
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Results

m Viscosity Loss From Ozone
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Results
m Viscosity Loss in K-22 Pulp
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Results

m Selectivity of Ozone
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Results
m COOH on Pulp
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Summary

m Pulping conditions strongly affect oxygen and
ozone selectivity

m Oxygen delignification causes changes in ozone
~ selectivity

m Ozone selectivity of oxygen delignified pulps
peaks between 40 and 50 % oxygen delignification

- lignin removal improved for high lignin pulps

- viscosity loss inhibited for all pulps

Summary

m Carboxylic acid content on ozonated pulp
decreases with oxygen delignification

m Carboxylic acid decrease may be related to loss of
small, acidic fragments of carbohydrates

m Oxygen pretreatment depolymerizes carbohydrates
and lignin and allows ozone to introduce more
solubilizing carboxylic acid groups

m Oxygen selectively removes phenols in lignin, but
subsequent ozone treatment produces lignin more
similar to the parent structure
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Future Activity

m Complete the described experiments

m Extend oxygen-ozone studies to more advanced
measures of paper properties (in concert with
Pulping and Bleaching)

m Fully bleach selected sequences and reevaluate
conclusions regarding optimal bleaching
interactions

m Begin mechanistic studies to investigate the
chemistry of oxygen and ozone with lignin and
carbohydrates on a molecular level

Acknowledgments
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3C NMR analysis of residual lignin isolated from softwood kraft pulp
bleached with 2.5% H,0, at 70°C for 4 h.
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Oxyphosphitylation and *'P NMR analysis of residual lignin isolated from
softwood kraft pulp bleached with 2.5% H,0, at 70°C for 4 h.
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The Influence of Selected Organic Solvents on
Chlorine Dioxide and Ozone Pulp Bleaching

Brian N. Brogdon
A490 Thesis Research
to the
Chemical Pulping and Bleaching
Project Advisory Committee
March 20, 1996

< Investigate how select organic solvents/water
solutions affect the dissolution of lignin during
the early stages of bleaching

< Evaluate how changes in fiber swelling affects
bleaching delignification

< Determine if changes in the bleaching medium
can improve bleaching selectivity
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&_ ,,,,, Past Research Results:
Influence of Ethanol in the DE Sequence

SRR

NN

18

EXTRACTION
KAPPA NUMBER

100% Water 100% EtOH 100% Water 100%
inD&E in D/100% in DI100% EtOH in
Water in E EtOHIn E D&E

'''' Testing the Swelling Hypothesis

R0

EEEOOECR N

< See if other de-swelling media cause the same de-
crease in delignification efficiency in the E stage:
e Ba(Cl,
e NaCl
% See if fiber de-swelling by air-drying prior to ex-
traction causes decreased delignification in E stage
% See if the oxidized lignin diffusion coefficient is sub-
stantially reduced in de-swelling media vs. a swell-
ing medium
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§1! ___Past Research Results: Fiber Swelling in
“ Various Media

Swelling
(cm®/o.d. g pulp)

100% 100%  0.01M  0.04M 0.40M  Air-Dried &
Water EtOH BaCl, NaCl NaCl Re-Wetted

Past Research Results: E Stage

i)eligniﬁcation Efficiency in Various Media
N nmaa 2008
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—
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w

EXTRACTION
KAPPA NUMBER

9
7
5
100% Water 0.4M NacCl ' 100%
100% Water 0.01M EtOH
(Dried Before E) BaCl,
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Summary of the Swelling Hypothesis

< Fiber de-swelling/lignin entrapment hypothesis is
unable to explain the experimental results for the
various media (delignification performance &
- diffusion coefficient)

< Possible reasons for the hypothesis failure:

o These fragments have MW’s 30 -20,000; the sizes of
these fragments (1.1-4.2 nm) are much smaller than the
pore sizes on the fiber (weight average ~ 6.0 nm)

e Minor changes in fiber pore size (shrinking ~3-7%) will
have minimum influence on the diffusion coefficient

~ _Oxidized Lignin Solubility and Delignification

Performance: Ethanol-Water Solutions
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< Examine high concentrations of ethanol in the D
stage (~90%)

< Examine acid “leaching” of D stage treated pulps

- % Preliminary Results:
e D Stage (27 kappa softwood kraft pulp; ~0.16 KF)
> Aqueous D stage exit kappa of 16.1
>90% EtOH D stage exit kappa of 14.7
e Acid “leaching” (initial 19.3 kappa)
> Aqueous leaching exit kappa 18.1
>90% EtOH leaching exit kappa 15.1

Conclusions

<+ Use of ethanol-water media for a DE bleaching
sequence has mixed results
e Possibly helps the solubilization of oxidized lignin in D Stage
e Hinders oxidized lignin solubilization in E stage

< Oxidized lignin solubility is a significant factor to
consider with an “Organosolv Bleaching” sequence

< Fiber de-swelling/lignin entrapment caused by a
solvent-water medium appears to have little influence
on delignification performance
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Project FO13

Environmentally Compatible
Production of Bleached

Chemical Pulp

Goals

» Measure bleachability at fixed kappa and
use to optimize pulping

* Relate lignin structure to bleachability

* Evaluate rapid D, bleaching

» Ozone kinetics for improved selectivity

* Delignification and pulp properties

 Toxicity of C- vs. D- effluents
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Defining Bleachability

* Ease of removal of lignin under a specified
set of conditions from pulp of a given
kappa number

» Determined by character of lignin, as
opposed to amount of lignin in the pulp

Measuring Bleachability
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Measuring Bleachability

* Full sequence bleaching, with
measurement of chemical consumption for
a given final brightness

* Partial sequence bleaching with some
measurement that can serve as a predictor
of full-sequence bleachability

» Measurement of a pulp property that
correlates with full-sequence bleachability

Candidate Bleachability Measures
in D,(EOP) and D E Sequences

* Measurements after * Measurements after
the D, stage D,(EOP) or D,E
— Residual — Kappa no.
— Kappa No. — Delignification
— Delignification — Brightness

— Brightness — Brightness Increase
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Candidate Bleachability Measures in
D,(EOP)D, and D,ED,Sequences

» End-of-sequence measurements
— Brightness with 0.25% CIO, in D,
— Brightness with 0.50% ClO, in D,
— Brightness with 1.00% ClO, in D,

— Brightness increments per incremental C10,
addition

Assessing D, Stage Residual as
a Bleachability Predictor

Mean Resid., Krat ~ 0.017  0.055
«“ “ ASAQ 0.025 0.125

t-Statistic -1.5 -9.9

Confidence Level <95 99.5

pa <13 2.3
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Potentially Useful Measures of
ECF Bleachability

Kraft ASAQ poa

High KF D, Resid. 0.055 0.125 2.3
Low KF Dy Delig., % 9.0 17.1 2.7

High NaOH D,E 65 73 2.5
Delig., %

ECF Bleachability Hypothesis

 Changing the pulping conditions used to reach
a given unbleached kappa number can:

— change the kinetics of the reaction of the residual
lignin with Cl10O, and

— change the course and stoichiometry of the
reaction
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Plans: Measuring Bleachability

* Select conditions for, and prepare, pulps of
widely differing bleachability

» Optimize ECF bleaching of each and
quantify bleachability

* Correlate with predictors

* Identify new predictors (rate and
stoichiometry parameters, residual lignin
structural indicators)

Bleachability Differences Between
Different Kraft Pulp Types

Conventional vs. EMCC®
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Kappa Number after D, Stage
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Kappa Number after Dy(EO)

Total Active Chlorine per Kappa Uni
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Brightness Gain

Squares: Modified Pulps

Diamonds: Conventional Pulps

| ! | |
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ClO2 Consumed in D1 Stage, %

y = b, +b,[1- exp(-b,x)]

bo

b,

bo+b1

b

brightness after D,

ClO; charge in D,

brightness entering D,
maximum brightness gain in D,

brightness ceiling for given D, ClO,
charge

D, response factor characterizing rate of

approach to brightness ceiling as ClO,
charge is increased
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Bleachability: Kappa 18 Pulps

Conventional EMCC"~

(EO) Kappa 3.8 3.0

* Brightness Ceiling 88.7 90.2
Total Kappa Factor (88 0.399 0.342
Brightness)

Summary - Bleachability Differences
Between Different Kraft Pulp Types

« At a given unbleached kappa number:
—EMCC is more readily delignified in D(EO)

—EMCC has higher brightness ceiling
—EMCC consumes less chemical overall
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Total Active Chlorine per Kappa

Képpa Number
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Brightness
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Summary: Effects of Effective Alkali
and H-Factor on Bleachability

* Increasing EA at high UK increases specific
chemical consumption in D,(EO) suggesting that
low H contributes to poor bleachability

» Low EA pulps have lower brightness but better
response in D,

e Increasing EA at low UK sharply improved D,
response; low EA, low UK pulps respond poorly

* Increasing EA at high UK worsens D, response

Pulping and Bleachability
Hypotheses

®There exist structural features of residual lignin that
beneficially affect bleachability

@These features may be created or destroyed in
reactions whose rates may be beneficially altered by
controlling pulping conditions

®These features include phenolic hydroxyls, interunit
ether linkages, and carboxyls

@The brightness ceiling is due to structures whose
formation can be controlled during pulping
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Total Active Chlorine per Kappa
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Effects of Pulp Uniformity on
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Brightness
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Summary: Effects of Pulp
Uniformity on Bleachability

 Nonuniform pulp is not necessarily more
difficult to bleach then uniform pulp

» More work is needed to confirm this
observation, especially bleaching of the
pure component pulps of the synthetic
nonuniform pulp

Short Retention Time CI1O,
Delignification

“Rapid D, Bleaching”
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Rapid D, Bleaching:
Previous Results
» Improvement in amount and character of

AOX formed

* Brightness penalty after OD,(EOP)D;, to
approximately 85 brightness is less than 1
point when Dy KF is 0.10

* There is little need for a D, bleach tower if
mixing is very good

Rapid D, Bleaching:
Recent Work

» Effects of D, retention time (RT) and KF
were studied in full bleaching by
D,(EOP)D,(EP)D,

* Brightness penalty is about 1 point at 0.1

KF but practically disappears at 0.15 and
0.2 KF

¢ Modest improvements in AOX and Cl/C
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Rapid D, Bleaching:
Conclusion

» This technology is ready to be tried in the
mill
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Topics

m Overview

B Benefits of carry-over when closing up
B General chemical equilibria model

B Measuring equilibrium constants

B Summary

Keeping the Closed Mill
Open and Profitable

m Environmental pressures are forcing
mills towards low-effluent
operations

B The process technology to achieve
low-effluent operations will not be
the same for every company or every
mill

m Mills need better tools to evaluate
their alternatives
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Expected Results

B Optimum low-effluent mill design
will allow mills to meet their
environmental targets and to still be
profitable

B IPST’s research program will
provide member companies with the
data and the design tools to
implement mill closure

Low-Effluent Mills

B Low-effluent mills reduce fresh water
use and its subsequent discharge by
reusing water internally within the
process

B Reduces pollution load to the
environment

m Can result in an increased NPE
concentrations
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Nonprocess Elements
(NPEs)

M Trace contaminants which enter the
process primarily with the wood

B Keeping NPEs out of the process is
impractical

B Build-up of NPEs can increase
manufacturing costs and reduce

product quality

IPST Research Program

m Mill studies of NPE behavior

m Lab studies characterizing the
behavior of NPE's

B New validated NPE simulation
models

W Assist mills in the use of these new
simulation tools to implement
successful mill closure
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Topics

m Overview

» Benefits of carry-over when closing up
B General chemical equilibria model

B Measuring equilibrium constants

B Summary

Benefits of Carry-over when
Closing the Bleach Plant

m Carry-over or carry-back of dissolved
solids into the A or Q stage improves
metals removal

B The concentration of Na in A or Q stage
can increase by factor of 30 when closing

B Dissolved organics irreversibly bind to
cations under acidic conditions

m Colloidal suspension of organically
bound metals follow the filtrate split in
washing
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Previous Carry-over Studies

Percent Manganese
Redeposited on Pulp

a 2.0 to 11.5 pH, no chelant
= 5.5to 11.5 pH with 0.4% DTPA

WBL as %Total Dilution

Bryant, P.S. and Edwards, L.L., Tappi J., ‘Manganese Removal in Closed Kraft Mill
Bleach Plants”, 77(2), p. 137 (1994).
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Impact of Carry-over on Mg
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Implications of Carry-over
Studies

B Na* can be used in place of H* to aid in
metal removal

W Acidified dissolved organics can be used
to “scavenge” cations

B Further studies are needed to determine if
“natural partitioning” of metals can be
enhanced using this knowledge

‘Topics

m Overview

B Benefits of carry-over when closing up
» General chemical equilibria model

B Measuring equilibrium constants

B Summary
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B Predicting concentrations of NPEs in process
streams by simulation will be an important
aspect of designing low-effluent mills

m Previous modeling technology has focused
on fiber, process elements and dissolved
organics

m Alternative purge levels and process
configurations for NPE control are not easily
evaluated today

Predictive Equilibrium Model

m Initial beta version of general chemical
equilibria model released Fall 1995

m Final release of version 1.0 scheduled for
August 1996
m Future version enhancements

> Improved pulp and DOM formation
constants

> Improved activity coefficient estimations
> Gas solubility's and Redox reactions
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Topics

B Overview

B Benefits of carry-over when closing up
B General chemical equilibria model

» Measuring equilibrium constants

B Summary

Measurement of Pulp/Cation
Equilibrium Constants

m Previously, pulp/cation equilibrium constants
have been “tuned” using data from multi-
component sorption experiments

m New student studies are underway to develop a
technique that will determine binary system
equilibrium constants

> Eddie Gravely, first year M.S. student

m Sensitivity of the equilibrium constants to
commercial pulp properties and to physical
properties of the slurry will be evaluated
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Measurement of Pulp/Cation
Equmbrlum Constants

B Determination of equilibrium constants
by single cation titration

B Measurement of pulp binding sites by
conductometric titration

B Measurement of unbound cations by ion
selective probes

m Calculation of bound cations by mass
balance

Measurement of DOM/Cation
Equilibrium Constants

m Student studies are underway to develop a
technique that will determine binary system
equilibrium constants

> Ryan Mills second year M.S. student

B Determination of DOM/cation equilibrium
constants is difficult

®m pH must remain high or lignin will precipitate

® Separation of bound cations from free not
possible
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Measurement of DOM/Cation

® WBL is pretreated with a ion-exchange resin
to remove all cations except Na* and H*

B Determination of equilibrium constants by
single cation titration

B Measurement of unbound cations by ion
selective probes

B Measurement of bound cations and total
binding site by mass balance
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1.0 +

0.5 -

Bound Calcium
(equiv/kg dry solids)

0.0

0 100 200 300 400 500

Free Calcium
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H Overview

B Benefits of carry-over when closing up
B General chemical equilibria model

B Measuring equilibrium constants

» Summary

Summary

m NPE Control Technology is Required to
Achieve Significant Mill Closure

B Understanding NPE Behavior Within
the Pulp and Paper Mill is Key to Their
Management and Control

m IPST Has a Strong Research Program in
Place that Will Provide Member
Companies With Data and Process
Design Tools to Evaluate Mill Closure

101



102



Project FO17

Novel Metals Management
Methods
With an Emphasis on Iron

Annual Project Review:
March 20, 1996

Project Staif
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Giselle Ow Yang,
M.S. Candidate, 1996.
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Objective:

» Evaluate novel metals removal
strategies, with an emphasis on
improving the removal efficiency
of iron.

» Determine the nature of "hard-
to-remove" iron in pulp.

Iron and Manganese Removal
Fraction of original metal after treatment

Fraction Remaining
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02 ...............................................................
Manganese
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pH

Samples treated with sulfuric acid for 30 minutes and 55°C.
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Bleach Plant Metal Profile
OC/DEPDED

ppm
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Bryant, P.A., Proceedings, 1994 Int. Non-Chlorine Bleaching Conference

Novel Metals Removal Methods
Fluoride and Acetylacetone

¢ Fluoride has a high affinity for iron:
The stability constant is 10° compared

to 10? for Sulfate, 30 for Chloride and
10° for acetate.

e 2 4-pentanedione has an even higher
affinity for iron. The stability

constant of 10" competes with
hydroxide at 10'2.
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tris(2,4-pentanedione)iron(III)

CH, H
\C _c
NN
HSC\ O !"/C"CHa
_p 0O
H- :I, >Fe{
AN O
;L ° ¢ Ye—cn,
e /C\(/clz/
H3C \
H

Evaluation of metals removal
using an OZEP bleaching sequence

e Pulps were oxygen bleached to a
10 Kappa.

e Samples were pretreated with acid,
acetylacetone, or fluoride.

e Samples were bleached with 0.7%
ozone and extracted.

e Samples were final bleached using
4 levels of hydrogen peroxide.
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