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The melting temperature of the fume deposi

a major impact on the plugging and fouling
behavior in the recovery boiler

= Above the melting point the corrosion rate

increases dramatically and hard deposits can form

- Even below the melting point there can be a large
impact on the sintering rate of the deposits

- As the melting point is approached the sintering
rate will increase
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- For a single compound there is a sin
melting temperature

- For a mixture of compounds there is a range
of melting temperatures

------ T, first melting temperature (FMT)

- T, sticky temperature

------- T,, flow temperature

~ T, oo complete melting temperature
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Derermination of Melting
Temperature

> An effort is being made to determine the
melting temperatures of the sintering dusts

« Qur first approach was to use ChemSage
software package
- Gibbs free energy minimizer

- Using thermodynamic data file developed by
Abo Akademi

IPST Confidential Information - Not for Public Disclosure (For Member Companies’ Intemal Use Only)

ChemSage Results

« Predictions Vs. Experimental data

— Literature values - single compounds and
binary mixtures

'''''''' University of Toronto data
> Synthetic deposits
- ESP dust samples
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ChemSage Predictions Ve Data
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> Good agreement was found between t
calculated and literature values

- Qverall the average values are within 1 C

> ChemSage was as much as 13.8 C high and
17.6 C low Vs. The reported values

+ The average absolute error was 5 C
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.y —

#
ey e

; e ey s ¥ y
EarEyr TSR }},,” In e EWaE vis ¢ B ¥ isef 3
{v LA LT TS 4 AN S AV RS IIons vy, L7000
fo

5 620
‘cEE 600 - C.S.0.00%
'2 -a-C.S.5.00%
> 280 = C.S.20.00%
§ 560 - —+—UT 0.00%
g A ——UT 5.00%
B 540 1 ——UT 20.00%
% 520

500 T T T T

0% 20% 40% 60% 80%  100%

CO3/(Na+K) mole%
IPST Confidential Information - Not for Public Disclosure (For Member Companies' Intemal Use Only)

- The ChemSage FMT values average 33 C

higher than the measured data

- The ChemSage values are a minimum of
6.2 C to a maximum of 54.3 C higher than
the university of Toronto data

= The shape of the ChemSage curves are very
similar to the UT data, shifted by 20 - 50 C

IPST Confidential Information - Not for Public Disclosure (For Member Companies' Internal Use Only)
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Experimental FMT ranged from 509 to 5
with an average of 542.4 C

Calculated FMT ranged from 541 to 608 C
with an average value of 582.2 C

Average difference between the calculated and
measured FMTs was 40 C, for the 46 samples
There is a distinct trend where the predictions
parallel the measured values, and are about 40 C
higher

IPST Confidential Information - Not for Public Disclosure (For Member Companies' Internal Use Only)
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Influence of composition
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Sintering at 500 °C.

SIS0
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The importance of the microstructure.
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F016-01

Recovery Boiler Capacity
Improvements:
Liquor-to-Liquor Differences in Fume
Formation

Kristiina lisa
Qun Jing

IPST Confidential Information - Not for Public Disclosure (For IPST Member Companies' Internal Use Only)

F016-01 Fume Formation

@ Objective:
= to determine liquor-to-liquor variation in fume
formation and K and Cl enrichment
@ Incentive:

= improved recovery boiler capacity by reduction of
boiler fouling and plugging, reduced corrosion
® FY 1999 goals
= complete study
o Status:

= experiments complete
= chemical analyses 90% complete

IPST Confidential Information - Not for Public Disclosure (For [PST Member Companies' Internal Use Only)
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Laminar Entrained-Flow Reactor

Primary gas and
particle feed

Furnace

N

Secondary gas Gas to analyzers
Quench gas
Particles < 3 ym

‘ ) o Particles > 3 dm
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F016-01 Fume Formation -
Liquor Compositions

e 19 liquors from 15 mills
o 12 softwood, 5 hardwood, 2 mixed liquors
e Na: 14.0-18.3%

e K 07-27%

e Cl:0.12-0.87 %

e Cl added to two liquors to make 1.5 and 2% ClI

e NaOH, Na,CO,, Na,SO, additions to one
liquor

IPST Confidential Information - Not for Public Disclosure (For IPST Member Companies' Intermnal Use Only)
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No statistically significant correlation
of Na vaporization with liquor Na

content
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Fume K content increased as liquor K
content increased
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Fraction of K vaporization independent
of liquor K content
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K enrichment factor slightly decreased
as liquor K content increased
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K enrichment factor slightly increased
as liquor Cl content increased
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Cl enrichment factor independent of
liquor Cl content
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Effect of Na salt addition on Na

vaporization
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Na vaporized/(liquor fixed C) as a
function of liquor Na content
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Conclusions

e Simple correlations do not adequately describe
variation of fume composition with liquor
composition

e Modeling required to obtain correlations:

= NaCl/KCI vaporization
= reduction of alkali metal phenolate groups
= formation of HCI

IPST Confidential Information - Not for Public Disclosure (For IPST Member Companies' Intemal Use Only)
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F016-02

Control of Evaporator Fouling
Status Report March 25, 1999

By Wolfgang Schmidl

and Jim Frederick
IPST

Soluble Scales are Mixtures
of Burkeite* and Na,CO,

Na,SO,, wt-% 39 51 51
Na,CO,, wt-% 51 39 26
Na,SO,/Na,CO, 0.6 1.0 1.5
mole ratio

Other inorganic, wt-% 1 1 2
Organic, wt-% 9 9 21
*Nominally 2Na,S0,°Na,CO,, but ratio can range from 1.4 to 2.2

(For IPST Member Company's Internal Use Only)
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Critical Solids Points

16
Minimal | Serious
qst fouling | fouling
127 . D R
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Soluble L Solids Point 2" Critical
Na.SO, + Solids Point
2 4 A
Na,CO,,
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4 L
Burkeite ole Na,CO.,
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0 +
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Total Solids Content (%)

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

Evaeorator OEerating Limits

e LTV (rising film) evaporators cannot

operate above 75! Critical Solids without
fouling

e Falling film evaporators can operate up to
29 Critical Solids without fouling

e Forced circulation concentrators may foul
above 2"¢ Critical Solids, but less than
falling film units

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

Objectives of Current Work

R

e Simulate solubility behavior of Na,CO; +
Na,SO, to predict critical solids points

1. Solve fouling problem in the 1st effect of a
falling film evaporator (“Mill A”)

2. Evaluate evaporator operating strategies
for an evaporation train (“Mill B”)
e Use NAELS, an advanced chemical
equilibrium simulator for aqueous
electrolyte solution chemistry

Confidential Information - Not for Public Disclosure
(For IPST Member Company'’s Internal Use Only)
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Mill A: Incremental Salt Precipitation
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Mill A: Effect of Na,SO, Addition on
Sodium Salt Precipitation

0.4
B - typical liquor
D - typical liquor +
0.3 recycled Na,SO,
D
kg Salt :
Precipitated ¢.2f 125°C
Per kg Water B
Evaporated
0.1
First _|Concentrator|
Effect | i
0
40 50 60 70 80 90

Total Solids Content, wt. %
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Effect of Liquor Composition on

Predicted Critical Solids
—

Liquor composition Critical Solids

Liquor Na Na,CO; Na, SO, 1st 2nd
Low Inorganic 18.0 10.6 4.4 51 57
Typical 20.0 1441 5.9 47 53
Typical + Na,SO, 20.7 13.3 11.4 43 57
High Inorganic 21.0 17.7 8.9 43 52

Recommendations: keep inorganic out of liquor; add
Na,SO, particles to recirculating liquor in 1st effect

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

Mill B

|

e 6 effect tube falling film evaporator +
forced circulation concentrator.

e Use solubility calculations to predict
critical solids to evaluate operating
plans:

Case 1: 1st effect product = 65%

Case 2: 1st effect prod. = 59%
concentrator product = 65%

Confidential Information - Not for Public Disclosure
(For IPST Member Company's Internal Use Only)
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Mill B: Calculated Critical Solids
—

Liquor Critical Solids

Case Temperature, °C 1st 2nd
Current liquor composition

1 124 52 54

2a 111 53 57

2b 116 52 56

Reduce Na,CO;,in liquor
3a 111 64
3b 116 77

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

Mill B: Results and Recommendations

e 1st effect would be operating past 2
critical solids transition--PROBLEM!

e Must limit 18t effect product liquor to 53-
55% liquor

e Implementing process changes to reduce
total Na,CO, load would permit desired
product solids concentrations without
major fouling problems

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

e The 2nd critical solids point correlates
with soluble scale problems in falling
film evaporators.

e Precipitation rate is higher above the
2" critical solids point than below it.

e The 2M critical solids point can be
controlled by adjusting the Na,CO,
and/or Na,SO, content of the liquor.

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

Conclusions

e Chemical equilibrium predictions can
be used to

widentify evaporator operating regions
susceptible to scaling, and

wudevelop alternatives for reducing scaling
® This tool is ready for use in solving

evaporator and concentrator fouling in
member company pulp mills

Confidential Information - Not for Public Disclosure
(For IPST Member Company’s Internal Use Only)
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Plan for FY00
“

A. Implement Evaporator/

Concentrator Analzsis Tool

® ldentify member mills with soluble
scale fouling problems in falling film
evaporators and high solids
concentrators

® Provide consulting service to evaluate
problems, recommend solutions, and
evaluate outcome of changes made

Confidential Information - Not for Public Disclosure
(For IPST Member Company'’s Internal Use Only)
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B. Exeerimental Scaling Studies

o Complete the solubility measurements for Na
salts in black liquor

e Obtain on-line crystal size distribution
measurement equipment.

@ Conduct pilot-scale evap tests for impact of
evaporation rate, liquor recirculation rate, and
suspended particle concentration and size
distribution on soluble scale deposition rate

e Define operating bounds for minimal fouling in
falling film evaporators

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

C. Modeling of Sodium Salt

Solubilitz in Black Liguor

@ Collect liquor composition data from mills with
soluble scale problems in FFE’s

e Calculate the 2nd critical solids point to check
correlation with soluble scaling experience

e Evaluate the NAELS model with the solubility
data. Update the Na-organic interaction
parameters in the model as needed.

@ Issue the final report from the Survey of
Evaporator Fouling

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




VOC CONTROL IN KRAFT MILLS

Presented to the Chemical Recovery PAC

Dr. J.Y. Zhu
Dr. X.S. Chai
Dr. P.H. Liu
Dr. Sung Hoon Yoon
Garry Heedick
Jeremy Thomas (MS Student)

Institute of Paper Science and Technology

March 24, 1999

Research Line/Roadmap

Environmental Performance:

5. Reduce emissions of the entire pulp and
paper manufacturing process to meet
Tier 3 Cluster Rule criteria while
maintaining global competitiveness.

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

m BUDGETING PERIOD: 7/98-6/99
m SALARY BUDGETED: $18,087

m STAFF:
PAC GA DOE IPST
F01708 4239 415701 F01701
Zhu 5% 5% 20% 30%
Chai 50% 50% '
Liu 100%
Heedick 60%
Yoon 100%

OVERVIEW OF THE PROGRAM

Task A Task B
Predictive Model Separation Tech.
IPST (Zhu) IPST (Pfromm)
UI (Edwards) GT (Rezac)

GT (Teja)
NCSU (Kirkman)

NCASI (Southeastern)
MILL X

Confidential Information — Not for Public Disclosure
(For IPST Member Company’s Internal Use Only)
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l_ Task A: Predictive Model

'y

VLE Databasﬂ Model Model
~ Mill Streams Development Validation
(IPST) (UD (UL IPST,
Model Solution vOC NCSU, Mill X)
(GT) Formation
(NCSU, IPST)

Previous Accomplishments on Vapor
Liquor Equilibrium
Member Company Report I, II, and IIT

B Developed Automated Methods for Quantification
of VOC Concentration in Kraft Mills Streams.
J. Pulp & Paper Sci, 24(2), 1998.

M Developed Automated Methods for Measuring
VOC Henry’s Constants in Kraft Mills Streams.
J. Chromatography A, 799, 1998;

Analytical Chemistry, 70(16), 1998.

B Preliminary Study on Methanol Henry’s
Constants in Black Liquors.
TAPPI J., 82(2), 1999.

Confidential Information — Not for Public Disclosure
(For IPST Member Company’s Internal Use Only)
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Progress in This Period

m Completed Methanol, MEK, and Aceton
Henry’s Constants in Black Liquors

m Developed Empirical Correlations

Previous Accomplishments on
Methanol Formation
Member Company Report IV

B Methanol Formation in Laboratory Pulping:
Pine and Birch, Bleached Grade
J. Pulp & Paper Sci, 25(7), 1999

B Methanol Formation in Black Liquor Storaged
Tanks: Simulation Study Using Lignin +
Hydroxide

W Methanol Formation during Black Liquor
Evaporation: Laboratory Batch Study

Confidential Information — Not for Public Disclosure
(For IPST Member Company’s Internal Use Only)
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Progress in This Period

® Further Study on Methanol in Pulping

©® Understanding of Reaction Pathway
Fundamental

@ Effect of Kappa Number on Methanol
Formation

@ Effect of Wood Species on Methanol
Formation (on going)
B Methanol Formation in Storage: Using
Black Liquors

Other MAJOR MILESTONES

M Presentation at NCASI CCA Meeting at GP

H Coordinating Meeting for Mill Sampling at
Boise Cascade - Southern Operation, LA

Confidential Information — Not for Public Disclosure
(For IPST Member Company’s Internal Use Only)
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EFFECT OF TOTAL SOLIDS CONTENTS

Methanol Henry's Constant (kPa)

;| m T=50C ® T=60°C

A T=70C ¢ T=80C

. ........
............ . ’..«._.3_._.,_.,__,_,, .
I e
e A A
Sy t _,.‘ ,,,,, AA
@
w,JEL,”JL;
el ‘L"—“. L y
° S
........... I _ £
e- T . . i . ' ' | ' | |
0 4 8 12 A - 1

Total Solids Content (%)

CORRELATIONS

H = m[exp(— %) + B - S}

A =6000
B=1.5

m = 1.1902x10'3
H in Pascal

Confidential Information — Not for Public Disclosure
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Model Calculated H (kPa)

MEASURED vs PREDICTED

e 7] W Water-Methanol

>

Mill ALRS
& Oy ++ Mill ALRH
MillUCSS
Mill WVCS
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Mill GPLS
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Mill UCS2
Lab 73A

Lab 74A

Lab 75A

e 2] T
e e’ o' e

Measured H (kPa)

Lab 76A

o4 HE OO} DPDO e @&

Methanol Formation in Pulping

MeOH Concentration (ppm)

o S @ Dissolved Lignin.

~J
o
i = T Ty I R SR SRR NN X 9-00'3
0 20 40 60 80 100120140160180 2
, | £

Pulping 'Tim’c'-(-min}.)
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EFFECT of Kappa NUMBER
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EFFECT of PULPING PROCESS
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METHANOL FORMATION
FUNDAMENTAL

O Hydrolysis of Hemicellulose Methyl-D-Glucuronoxylan

CO,H CO,H

o) (0]
+ OH' — X + CH30H
CH,0

® Demethylation of Lignin
(!:HZOH CH,OH
|

—-0—-CH —0O—CH

! l
HC— HO—
/@ +QH —— + CH;0H
R OCH, R (o
Q &
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Correlation between Methanol and HUA
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Summary

m 80% of the Methanol Formed in Pulping is due to
Rapid Hydrolysis of Methoxyl Groups on Xylan

B The Effect of Kappa Number on Methanol
Formation Can Be Explained as the on Going

Hydrolysis Reaction of the Methoxyl Groups on
Xylan.

B Xylan Hydrolysis Reaction Is Completed Right at
the Cooking Temperature Reaches the Final
Temperature (or H=400)

B Cooking Process Itself does not Significantly
Affect the Overall Methanol Formation.

METHANOL FORMATION IN LIQUOR

STORAGE - Previous Results
140 s
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METHANOL FORMATION IN LIQUOR

STORAGE - Black Liquor
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METHANOL FORMATION IN LIQUOR

STORAGE - Black Liquor
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Comparison: Lignin vs Black Liquor
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Summary

B Methanol can be formed in black liquor
storage even at temperature as low as 70°C

B The total formation is about 10% of the
amount in the fresh liquor

B The formation process is completed within
the 10 hours

B The effect of evaporation of the stored
liquor needs to be studied

Confidential Information — Not for Public Disclosure
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FUTURE WORK

m Data analysis (sulfur compounds) of the
existing pulping experiments.

m Complete the study on methanol formation in
storage tanks using black liquor.

m Conduct methanol during evaporation on a
pilot scale evaporator.

m Study wood species on methanol formation

B Measure methanol Henry;s constants in fiber-
suspension solutions (DOE Mandate)

m Data analysis of Henry’s constants of MEK
and DMS in black liquors

W Summarize the Study in Reports

THANK YOU
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Fundamentals of Dregs Removal

Jeff Empie
Maribeth Amundsen
Murray Ellis (PAPRO)

Recovery PAC Committee
March 24, 1999

Project Objective

Determine etfect of elevated levels of NPE’s on
composition and settling/filtration rates of green liquor
dregs to facilitate closed cyvcle operation

Confidential Information — Not for Public Disclosure
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Objectives for Current Period

Complete formation of synthetic smelts with one NPE
added per run

Determine dregs settling/filtration rates at 80°C and
compare with base case

Subject smelt sample from a kraft mill to laboratory
procedures and compare dregs properties with those
from a raw green liquor sample from the same mill
Obtain physical/chemical analyses of dregs and green
liquors

Write final report

Accomplishments in Current Period

Smelt formation runs successfully completed for each
\PE addback run, plus one duplicate Mg run
Settling/filtration rates determined at 80°C

Mill smelt and green liquor samples obtained and
settling/filtration rates determined for comparison
purposes

Draft final report completed

Confidential Information — Not for Public Disclosure
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Baseline Starting Composition

Smelt
Component Wt. %
N, O, 74
NasS 20
Na,S50, 2

Na('l 2

Dreus
g

Baseline Starting Composition

Dregs
Component
CaCO.

Fe.O.
Ma(OH).
MnQO.
S10)-
AlLO;

C
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Laboratory Smelt Reactor

ysssss0s278788785775)
\f

Sedimentation/Permeability Apparatus

Al Blower
(5-10 sctm)
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NPE s in Clarified Green Ligquor (mg-ky)

Run  Number and  Type
045 049 [EX] 0s7 083 090 092 093
10 Mg - 10 Mnx 10 Alx10 Six5 Cax10 WMgx 10 Mill
smitd dssivd G

o 3

Metal 040 095 100
[

Base Fe
[oF}
Fe
Ma

Si
Al

NPE’s in Dregs Produced (wt.%., dry basis)

Run 049 Run 053 Run 057 Run 083 Run 090 Run 092 Run 093 Run 095 Run 100 Run 100

Elmnt Run 040 Run 045
Base Fe 10 Mg «10 Mnx10 AIx10 Six5 Cax10 Mgx10 Mitl. Mill. MillGL  Mill GL
smitd  dssivd + asrec'd
Polymer
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NPE’s in Dregs Produced

NPE concentrations in dregs from mill smelt are essentially the same,
whether or not smelt was heated in lab reactor. Deficiency in organic
carbon resulting from lab smelting procedure most likely due to
combination of gasification and sulfate reduction.

Dregs from mill green liquor, with or without addition of polymer during
clarification. arc essentially the same as dregs from mill smelt.

High organic carbon value for dregs resulting from dissolution of solid
mill smelt in lab. relative to mill green liquors (where molten smelt is
dissolved), is consistent with this in that there could be some carbon
aasification of the molten mill smelt as it contacts water in the dissolving
tank.

High Mg runs (049, 092) represent only case of gauging reproducibility in
areen liquors formed.  Agreement is fair.

Fach NPE addback lab run showed elevated level of the respective NPE in
dregs for that run. 1t should be noted with high Ca run (090). that
concentrations of other NPE’s are all significantly lower than other vuns.

NPE’s in Mill Dregs

Literature data trom 14 mills (53 Swedish, 4 Canadian, 4 SE 1S 1 Wise)
show considerable variation.

Comparison of lab data shows fair agreement with some notable
exceptions:

- Organic carbon below lit. avg. (which has large std. dev.)

- Fe and Mn for Al and Siaddbacks and mill derived dregs >
above it avg.

- Mg for Al addback and mill derived dregs » 26 above it avg.

- Al for mill derived dregs > 26 above lit. avg.

26
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Partition Coefticients (M in Dregs:Min GL)
Partition Coctticient ¢Mass Out Mass by

Run Addback ; ¢ ALY Ma
040 Base E i ' : 3
049 My 10

033 Mu - 1)

057 A2 10

083 Sie 3

090 Ca- 10

092 Ny - 10

093 AL amld

093 Millo dasivd

100 MGl

W %0 of Input NPE in Claritied Green Liquor

Run Adddbucl B I My N
04u B ' . :

49 My e

033 Mo do
Y o
N

000 (a

092

003 Ml smlig

098 Ml dasisd

106 il G
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Comparison of Laboratory and Mill Claritied Green Ligquors

% Removal from Green Liquor
\ddback E Pe Iy Mn
Base R 3 Y9G
My - 0 BRI A S
Mp - 10 3 S gy
[VIRRT] o DRES
NS ' )
(S
Ma g
il smid
Mills dashvd
Mill G
Milt G
\ill G
il Gl
il Gl

NPE Partitioning Summary

Green liguor from heat treated mill smelt shows a high NPLE partition
coetticient for Mg and low values for Fe and Vn. relative to mill green
liquor and green liquor made from solidified mill smelt. k) values for
mill green liquor and green liquor trom solidified smeltare essentially the
same.

Ca. Fe. Meoand Ma stay predominantly with the dregs. Partition
coefficients for addback runs are higher than for mill samples.

Singularly high K, values for Ca. Vg and Mn addback runs show these
metals will be removed effectively by dregs. even it their concentrations in
liquor excle increase,

Partition coctficients for Siare tow in all casesimphving removal from
liquor ¢y cle must be by some method other than by dregs.

Al partitions fairly evenly between dregs and CGL. even with Al addback
case. Hence, high Alinput to liquor eycle will not be controlled by dregs
removal.

Confidential Information — Not for Public Disclosure
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Settling Rate (NPE Addbacks)

Interface Height (cm)

Time (min)

Settling Rates (10 x Mn)

Interface Height (cm)

100 150

Time (min)
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Mill Settling Rates

Interface Height (cm)

Time (min)

Calculated Dregs Settling Times
for Continuous Clarifier

Run No. Fype ne (min.) Freat
640 Basc )
(148 Fex o
Max 1o
AR
AV
Sia S
Cax i
NR1H

A G W Pols

NG o ol
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Implications for Continuous Clarifier

+ Based upon hypothetical time for continuous GLC to reach 10%
soids in the undertlow:
- Fe gives higher clarification time at 98%, confidence level.
Particle size showed greater fraction of small particles
(<20 um).
- Mn higher time at 88% confidence.
- Ca lower time at 79% confidence. Had greater fraction of
larger particles (> 20 pm).
- Al also gives higher settling time.
« Addition of polvmer settling aid to raw mill green liquor lowered
calculated settling time by 24%,.

Filter Cake Permeability

Fromthe doterential fomol Darey’s Law. the cake pemmability can be calenlatad trom

N, Lonjeh,+ Popedih- Pep g
et

o anfiad ereen higuor (CGEH)Y
TR Gl
and b Cul by colunm at e O and Lrespactinddy
cake th

Tde dree corstanis i ont ol i etennae conbimad as o tan

a kL Injihg Pepeythe Pop o))
t

The paranweter. L. is prossire deponddent due 1o expected compaction at higher pressaas
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Dregs Filter Cake Permeability Coetficients (K

Run No. Type ks 8.3
40 Base 0.0032 0.0100
Fex 10 0).0009 0.0010
NMe x 10 n.a. n.a.
My 10 0.0038 0.0101
AN 10 0.0003 0.0270
Sia S 0.001] 0,003
Con b (SNBIERY] 0]ss
\Me v 10 0.003%] (.0074
NDiL smiehied (0.0027 (1,006~
AL dissolved 0.001N 0.0040
100A AT G w Pol 0.0009 (.0007
1008 NG as s 00010 GO00T6

Conclusions on NP Composition

CFach \NPE addback Eabaratory vun showed an cleyated tevel of the NP added in the dreas for that
run. The high Vg runs represent the onhy cave for judging experinmental veproducibility in the
green liquor dregs formed: agreament was cenvraiho within a facier of tvo

CStarting with mill smedt. heat tcited or not NPE concentrations in dregs and the charvified green
liquors, were essentially the same, respectively. Fhe anhv exeeption was organic carbon in the
dreas where heat treatment resulted inadower value. probabhy due to wasification and’or
reduction reactions. NPE concentrations in clarificd green liguors from mill smeltand trom mill
green Hguor are nearhyidenticot.

CNPE concentrations in Biboratory green diguars e within o factor of tvo ssomitl green liquors,
Aluminnm concentrations in irhoraory oreen ligoors are zenceathy higher than vt ereon
liquors.

. Partition coetticient results showed that Ca. Feo Mesand M would be remosed eftectively by the
dregs — even it their concentrations in the liquor ovele increased. tition coctticients tor Siwere
uniformly low while Al partitions evenly between dregs and green liquor: hence removal of Siand
Al from a closed liguor ¢ycle must be by some method other than dregs removal.
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Settling/Filtration Rate Summary

I. Settling rate curves showed fair reproducibility within the four conditions
where duplicates were run. The Fe and Al addbacks exhibited poor
setding characteristies. while Mg and Ca gave the highest settling rates.

Statistical comparison of three addback NPE runs with the base case was
nmade using hy pothetical time to reach 109 solids underflow
concentration in a continuous green liguor fificr. Higher clarification
times were viven by Feand Mn while Ca gave a lower time,
Qualitatively. Al also zave a higher settling time. Microscopic particle
size analysis showed the Fe addback to have a greater tfraction of small
particles (<20pun). which would explain a lower settling ratet it also
showed Ca to have a greater fraction of large particles (20pm). resulting
in a higher settling rate.

LM smedt heat treated in lab gave green liguor dregs which settled
slower than same mill simelt just dissobved in synthetic weak wash,
Addition of poly mer settting aid to ras mill green liquor fowered the
calentated settling time. as expected.

Settling/Filtration Rate Summan

. Filter cake permeability coctticients for the Ma, Mg and Ca addbacks and heat treated
mill smelt were the same as for the base cases Al was higher while Feo Sic Mill Smelt
(Dissolved) and the Mill Green Liquors were Jower. Microscopic analysis of the filter
cakes showed the Feo Sic Ml Smelt (Dissolved). and Mill Green Liguors to have a
ercater fraction of small particles (<20p0m). which should resultin decreased the
permeability coetficients due to relatively high specific surface arcas.

3. Permeability coctficients increased at higher vacoum (e higher \P). contrary to

expectation. Removal of cake fines at higher vacunm resulting ina reduced surface
arca per umityolume is a plausible explanation,

Mill closed oy ele operation must anticipate problems with buildup of Sic AL and Fein
the liquor ey ele due to unfavorable partition coefticients and:or settling rates in the
green liguor clarifier or filter

Confidential Information — Not for Public Disclosure
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Project F01706 (Dues funded)

Remove Chloride and Potassium from Kraft
ESP Catch using Membranes

P. H. Pfromm, D. Taylor

The issue:
Cl and K enrichment due to
low-effluent kraft pulping and bleaching

o Tight liquor cycles and bleach plant recycle
cause increased Cl and K concentrations

® Decreased production, increased
maintenance
=»Recovery boiler plugging

=» Corrosion
=» Deadload

Electro-membrane processing for
Cl and K removal:
relation to IPST Research Lines

® Research line Environmental Performance

=>4. Reduce water usage in Bleached Kraft Pulp
production to 2500 gallons per ton.

IPST Confidentiul Informaton - Not for public dischmure
(For IPST Mes her Com puny Internal Use Only- P. Pfromm. Recoveny PAC Spring 9. pape 3
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Cl and K removal from the kraft
recovery cycle: approach

@ Treat ESP dust, remove Cl with K, Na.

@ Electro-membrane processing,
electrodialysis:

=»removal of the unwanted ions from
dissolved ESP dust, not separation of the
majority of ions (as in crystallization)

=>no liquid/solid, adjustable removal, simple
startup/shutdown, all organics are recycled

IPST Confidentinl inform ation - Not for peblic disclmsre
. (For IPST Mewn ber Company Intrenal Use P. Pfromm, PAC Spring 99, pagr 4

Process Overview

unit

IPST G
(For IPST Member Com

Selective Cl and K purge using
electro-membrane processing:
o Expected results:
=>» Simple process that can be retrofitted, pilot-
scale test data
® Impact on the industry:
=>»decrease boiler plugging, increase production

>avoid saltcake & organic load in effluent
treatment

=>»save makeup saltcake

=>enable bleach plant recycle
(For IPST. M—mhvltl‘?:lmv intrrnal Use Onbv- P. l'fmnl:. Reconery PAC Spring 9, 6
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Electro-membrane processing:
project history

@ Objective: selective removal of Cl and K
from Kraft RB ESP catch, start: Fall 94’

@ Pilot test performed in 1997.

® This report period: 9-98 to 3-99

®Budget: FY 99, $166,276

® Project will terminate with FY99

o Staff: P. Pfromm, D. Taylor

rsTC poblic
‘hmlﬁ-ko—u“u—ﬁlmmmfﬂﬁﬂ.u7

Objectives for FY 99
® A: Technology transfer, electrodialysis of
ESP dust
@ B: K/Na selective membrane separation

©® C: Ion exchange for chloride/potassium
removal from green liquor.

o D: ESP dust electrodialysis, increase
solids in feed to 25%, use more
advantageous water sources

ST Ce dinchrwn

(Fue IPST Member Com parey interral Use Oy P. Ploomm. PAC Spring 99, puge §

FY 99 Progress vs. objectives to date

® A: Technology transfer

=>»One member mill agreed to use a DOE
funded pilot test (Spring 99, electrodialysis
of bleach effluent) to become comfortable
with the technology. This mill has a need for
chloride purge.

=»Capital investment availability is currently
very low in the industry.

ST Ca
(Foo IPST Meawbes Coum pany Lntermal Use Oby- P. Piromm, Revovery PAC S
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FY 99 Progress vs. objectives to date

@ A: Technology transfer

= US Filter/HPD would engineer/implement
the electrodialysis, but no warranty on
membrane life (per Gerald Delaney).

=>IPST IP Attorney reviewed possible
infringement of a PAPRICAN patent.
Conclusion: very likely no infringement
probiems.

IPST Confidential Information - Not for pubic discinsere
(For IPST Member Com pany Internal Use Ondy- P. - PACSs

FY99 Progress vs. objectives to date

@ B: K/Na selective membrane separation
=>»see evaluation of high solids experiment

o C: Ion exchange for chloride/potassium
removal from green liquor.
=»No new MS candidate found. Cl removal

experiments planned for remainder of FY
99.

WST C o
(For IPST Member Com pany Inweenal Use Only- P. Plomen, Rev

cwery PAC Spring 99, page 11

Progress vs. objectives to date

o D: ESP dust electrodialysis, increase
solids in feed to 25%, use more
advantageous water sources

9 Extended continuous feed-and-bleed
laboratory scale run with actual dust (no
pre-treatment) was performed.

=>Cl selectivity is still very good, despite the
high ionic concentration.

=>» Detailed report follows.

T C po
(For ITST Mesnber Company inteemal Use Onk- P. Pfemm. Recovery PAC Speing 99, pagr 12
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Why use higher dust
concentrations?

@ Less water to evaporate from the
dechlorinated recycle stream.

o Higher per-volume chloride
concentration will possibly allow higher
electrical current density
(this means lower membrane area =
lower capital investment).

IPST Ce e

"
(For IPST Mewber Coumpan Intermal Use Ondy- P. Plmmm, Recvery PAC Spring 99, pape 13

Batch electrodialysis at
25 weight% ESP dust concentration

® Previous laboratory runs:

140 grams/liter
pilot test: 170-190 grams/liter
now: 311 grams dust /liter (25 wt%)

©® Membranes are the same as in the pilot test,
40°C, 7.1 mA/cm? current density

® Dry dust contained 1.3 wt% chloride

IPST Conficdential Infiem atin - Not for public disciomee
(For IPST Member Com ary Internal Use Ondy- P. Plmmm, Recovery PAC Spring 99. fage 14

Feed-and-bleed electrodialysis
Tap water
Electrodialysis
1361/h 4 || 00641/h
41 41
— Naci— Purge355C1/1
Dust ST TN
o T kwh % Dissolved dust™
25wt% ‘ .
diss. solids, : N“’A
41gC1/1  Bleed, 28 Cl/1 ‘ son
(recycle to N L
recovery) e ~
HST Confiudential nformation - Not for pubbic di ke
(Fue IPST Member Com pany Inernal Use Oniy- T Plromm. Recven PAC Speing 9, page 1S
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Why was only about 40% chloride
removed in the feed-and-bleed test?

@ An erroneous dust analysis initially indicated a
lower chloride content than was later
determined to be actually present.

@ Based on the erroneous solids analysis, the
electrical current density was set to remove
~70% of chloride at steady state operation.

®pMore chloride was in the feed than anticipated,
so the % chloride removed was relatively low.

IPST Ce

(For IPST Member Com pany Internal Use

Feed-and-bleed run at 25wt% dust, 40°C

60

X
= X
=T X
BE -] X
€95 $ 40 4 x
Se g " . b L 1 ¥
Egs W Ci in Concentrale (C<). purge
E s - 20 © Clin Diluate (Cd), recycle
Q -%.' ‘f T a Elecirical resistance of the stack
g g b X %Ci removed from feed
o

ol® & o ) 4 44
0 20 40 60 80
Time [hrs]

IPST C 8 P
(Fue IPST Mombee Company Inteenial Use Oniy- P. Plevmm. Recovery PAC Spring 9. page 17

Sodium/Potassium

® Feed: 0.064 mol K/(mol K+mol Na)

@ Purge: 0.100 mol K/(mol K+mol Na)

® Example: if 1000 kg chloride are purged per day
then 143 kg potassium are purged per day
(ideally, a crystallizer might purge 1100 kg
potassium per day 1000 kg of chloride)

IPST Confickential Information - Net for public dischrare
(Rur IPST Member Company inkernal Use Ondy- P. Plromm, Recovery PAC Spring 9. page 18
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New mass balance,
based on 25wt% solution

® 1000 kg Cl to be purged per day, ESP dust has
1.3 wt% Cl, remove 80%.

® 96 tons of dust dissolved/day,
56 GPM to be evaporated from the recycle.

® ~375 m? membrane area.

® Op. cost savings $2MM/year vs. discarding dust and
purchasing saltcake at market price.
(taking in account: energy for electrodialysis (pumping +
separation), steam for evaporation, membrane replacement.
Excluded: energy for dissolving dust, maintenance)

Path forward

©® Write final report.

® Write quick reference paper (mill level)
on chloride and chloride control.

@ Attempt chloride removal from model
green liquor by ion exchange.

IPST Confdential Information - Not for pklic discieses
(For IPST Member Com pany Intermal Use Only- P. Plromm. Recovery PAC Spring 99, page 30

Project 4160
(DOE funded, no IPST matching funds)

Electrodialysis
Shih-Perng Tsai
(Argonne National Laboratory)
P. H. Pfromm
(DOE Agenda 2020, 8-1996 to 8-1999,
~$200,000/year, $50,000/year to IPST)

TINT Confickential Infisrm aton - Not for public disckrre

(For IDST Member Com puny Intenal Use Only. P Plmmm, Revovens PAC Speing 9. papr 21
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The Issue

@ Low effluent bleached kraft pulp
production
“Pneed to recycle bleach effluent

@ Acidic bleach effluent recycle introduces
metal ions, calcium, chloride.

IPSTC
(hlﬁfhh&-uwu—&'.hmmrmmﬂ,uﬂ

The Approach

® Remove NPE’s from bleach effluent
before recycling.
o Challenges:
=»dissolved organics
=>»particulate matter ‘
@ Choose a technology that addresses
anions (Chloride) and cations (Metals,
Calcium..)

IPST C bic
(Foe IPST Member Com puny Int-emal Use Oy~ P. Plrosv,

Bleach effluent electrodialysis:

® Expected results:
<> Simple process that can be retrofitted to
existing installations, pilot-scale test data
@ Impact on the industry:

=>» decrease chloride, NPE problems from bleach
effluent recycle

=»No chemicals needed
=» Tolerant towards small particulates

=>Enable bleach plant recycle

68
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Process flowchart

Wenk black liquor ~ NuOH, O,
to chemical recovery

(water, inorganics, lignin)

Mg, steam

R

| deligni-
fication

Acidic offtucn(
€0,  (comains most metals, NoOH,

HO  twasition metals,
Stcam chloride) o

To deutrodi
remove NPE's, then rvycle

w0 blewch plant or recovery cyde

{

IPST G
Fuse IPST Mewn ber Com pany interrual Use

P
- P. Plnmm, Rec PAC Spring 99, pupe 25

Bleach Filtrate Electrodialysis:
Advantages

o Continuous process, no regeneration

@ Open flow channels (tolerates particulate
matter)

e Remove Cl- selectively over SO,7,

simultaneous to metals/trans. metals,
Ca*t

IPST Confidential Informaton - Not for public dixciosre
(For IST Member Com pany Intrrnal Use Only- P Plmem, Recovery PAC Spring %9, puge 2%

Bleach Filtrate Electrodialysis:
Challenges

o Fouling?

@ Membrane area? (solutions are dilute)

® Removal efficiency, selectivity?

TIST Confidential Infeirm ation - Net for publi: diacisre
(For HST Member Company Internad Use Only- P. Plavevm, Recoveey PAC Spring 9. pape 27




Bleach Filtrate Electrodialysis:
Year 1 Summary
@ Acidic effluents from three mills (IPST):

o Electrodialysis (lab scale, ANL) with two
effluents, no pre-treatment

® Analyze (IPST, ANL)
@ Estimate for scaleup done
[ ] ion; -
w no-fouli nd pr for pil

PTG dinc ko

(For IPST Mew ber Com pany Internal Use Only- P. Plwomm, PAC Spring 99, 28

Bleach Filtrate Electrodialysis:
Year 2 Summary

® Acidic D stage effluent from a new mill
(Mill D) obtained for long-term tests

@ Sequential batch runs with no membrane
cleaning

® Analyze (IPST, ANL)
@ Conclusion Year 2: no significant

fouling, r for pilot test

11T Conficdential Information - Not for public dischre
(Ko IPST Mem ber Company Internal Use Only- P. Plrmm, Recovery PAC Spring 99, page 29

Concluding Remarks, Year 1+2

@ Long-term laboratory performance OK.

® High removal levels for important NPE’s,
and Chloride.

IPST Conflbential Informaton - No for public discloser
(For IPST Member Company Internal Use Only- P. Plmmm, Reciveey PAC Speing 99, page M)
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@ Pilot scale test site identified, mill visit
was positive

@ Address residual chlorine dioxide issue in
bleach effluent, membrane stability?

® Address issue of entrained fibers

@ Perform pilot scale test at the mill

IPST G

Year 3

"
(Foe IPST Member Com pany internat Use Only- P, Promm, Recovery PAC Spring 9. pagr 31

Elimi

lectrolyti icizing o mel
J. Winnick (GIT Chem. E.),

Energy Performance Task Group
Proposal for FY 2000 pending

IPST Confiudential Information - Not for public discksmre
(For I'ST Mem ber Com pany inwrnal Use Only- P. Pmmm. Recovery PAC Spring 99. page 32

Project F034

f i :

P. H. Pfromm

DOE Agenda 2020

Electrgly!;icg! * Water

Pulpingj——b L\ZV_ s

Wood

e

“White Liquor”
NaOH, Na,S

solution

Water

1PST Confidential Information - Not for public discbrauee
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i Pulp to ,
bleaching [
(1000 tens/day)
0 .
‘ rganics co,
norganics
“Black Liqu r’,’_L
Carbon i
Anode CO, CO,, 0, " Recovery
Boiler
Electrolysis cell | B
S — Inorganic smelt:
600 tons/day

. 70wt% Na,CO,, Na,S
Electricity
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Motivation for Electrolytical
Causticizing

@ Incremental capacity is needed in many
mills, it can not be done with traditional
technology (lime kiln).

@ Process control
@ Avoid multiple separation/reaction steps

@ Remove chemical equilibrium limit to
causticizing

ST G . , Jimclo
(For IPST Member Compuny Internal Use Onby- P. Plomm,

Economics

@ Estimate for a 1000 ton of pulp per day
production:
»42% savings in energy for electrolysis
=»Marginal savings in operating cost (since
electricity is currently more expensive than
fuel oil for the kiln)

=>»No credit taken for production increase
through lower deadload (increased
causticizing level)

IPST Canfidential Inform ation - Net for public discbrure
(For IPST Member Com puny lnternad Use Ondy- P. Pirmm. Recovery PAC Speing 9. page 35

Funding situation

® End of one-year DOE project was in
October 1998. Since then, bootleg
funding from GIT for PhD student, IPST
for supplies.

® RAC approved (?) $100k for FYOQO for
GIT PhD student, supplies, PI time.

IPST Conficdential Information - Nt for public disckruee
(Foc IIST Memher Com pany Internal Use Only- P Promm. Recovery PAC Speing 9. pagr 3
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Funding situation outlook case A:
no DOE funding

o Use $100k from RAC for:

@ GIT PhD student and very limited PI time
(how to get the money there? Double
overhead?). PhD student: $22k/year, add
GIT overhead and IPST overhead.

o IPST supplies, and limited PI time.

Funding situation outlook case B:
DOE funding

@ 3 years, GIT PhD student, post doc,
equipment improvements.

@ Use about $40,000/year from RAC as
matching funds (Pfromm’s time).

IPST G
(Fot IPST Mewnber Com pany (nternal Use Ondy- P. Plromm, Recovery PAC Speing 99, page 38

New Dues co-funded project F033-04

Ultrafiltration of bleach effluent:
new approaches for partial closure
Current sponsor: Eka Chemicals

Additional Sponsorship:
Georgia Consortium proposal pending

Dr. Patrick Bryant, Eka

Peter Pfromm

IPST Confidental lnformaton - Not for public disciossre
(Fue ST Member Compuny Internad Use Ondy P. Plmmm, Recovery PACS
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The issue

@ Compliance of bleach plant effluents

- (COD, color, AOX) from existing bleach
plants is or will be an issue.

@ Compliance by radical changes in
bleaching technology or total closure may
be costly.

= An “intermediate” lower cost solution is
needed.

1PST Ce
(valh‘l‘»nh&-uwhw P.Pfmmm, Recovery Pm.ﬁﬂ‘=‘lﬂ

Approach

@ Ultrafilter extraction stage effluent of a
fully substituted bleach plant (with or
without O, delig.), split into:

=>Low volume/high concentration stream
with high molecular weight organics, color,
AOX to brown stock washing.

<> A high volume/low concentration stream
with easily treated low mol. weight
organics, and inorganics (chloride) to
effluent treatment.

IPST Confiudential Informatinn - Not for pubic disciosre
(Fur IPST Member Company Internal Use Only- P. Plromm, Recivrey PAC Spring 99, pape 41

Expected results
ultrafiltration of BP effluent

@ Laboratory work to determine specific
separation properties of ultrafiltration for
BP effluent (concurrent to pilot tests).

@ Pilot scale data for hardwood and
softwood mills with and without O,
delignification.

o Full scale implementation.

st ’ o
(For IPST Member Com pany Internal Use Ony- P. Pfromm, Recovery PAC Speing 99, pagr 42
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Impact on the industry,
ultrafiltration of BP effluent

e Compliance of bleach effluents can be
achieved without fundamental changes in
bleaching technology.

@ Chlorides and other inorganics are not
recycled to chemical recovery.

ST - v
(o IDST Member Com parey Intermal Use Only- P Mavmm, Revvery PAC Speing 9. fuge 43

Ultrafiltration of BP effluent
Case A (unlikely):
no Georgia Consortium funding

® RAC approved $50k co-funding for
FYO00

@ Eka will give 50k, in addition to 20k
donation.

® Post doc identified.
@ Pilot unit will be moved to IPST.

IPST Confidential Informaton - Not for public dicowre
(For IPST Mem bee Company internal Use Only- P, Pfromm, Recinvery PAC Spwing 99, nape 44

Ultrafiltration of BP effluent
Case B (likely):
Georgia Consortium funding

o No IPST money needed.

@ 3 year project, post doc, extensive pilot
and laboratory work.

@ Status: a cautious OK for this proposal

HINT Confidential Infiem athon - Nt foe pubbic: dis e
(Rt IST Mem ber Com puny Internal Use Onby- P, Plnomm, Revuvers PAC Spwing 9. page 45
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F028
Black Liquor Gasification

Kristiina lisa
Qun Jing
Scott Sinquefield

IPST Confidential Information - Not for Public Disclosure (For IPST Member Companies' Inteal Use Only)

F028 Black Liquor Gasification

@ Objective:

w=t0 determine kinetics of inorganics (Na, K,
Cl) transformations during black liquor
gasification (FY98-99)

@ Incentive:

=improved gasifier performance by
optimization of conditions for liquor
production

IPST Confidential Information - Not for Public Disclosure (For IPST Member Companies' Internal Use Only)
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F028 Black Liquor Gasification

e FY 1999 goals:
= complete atmospheric gasification experiments:
- CO,, H,0
= first pressurized experiments

- feasibility of feeding black liquor
- reproducibility, material balance closure

e Status:
= atmospheric study of impact of CO, complete

= 40% of atmospheric experiments of impact of H,0
complete

= pressurized gasifier testing on-going

IPST Confidential Information - Not for Public Disclosure (For [PST Member Companies' Intemal Use Only)

F028 Black Liquor Gasification -
Related DOE project

e ‘Fundamental Study of Black Liquor
Gasification Kinetics Using A
Pressurized Entrained-Flow Reactor”

»»with Air Products and NREL

=emphasis on conditions of oxygen-
blown gasification (900-1200°C)

=gaseous trace compounds (tars, S
compounds, N species)

IPST Confidential Information - Not for Public Disclosure (For IPST Member Companies’ Intemmal Use Only)
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F028 Black Liquor Gasification

o Related student project:
MS project by Steve Horenziak:
“Fate of Sulfur During Black Liquor
Gasification”

= split of S between gas and condensed
phase

= form of S in gas phase
= atmospheric

IPST Confidential Information - Not for Public Disclosure (For IPST Member Companies' Internal Use Only)

Atmospheric Experiments of

@ experiments in a laminar entrained-flow
reactor

o effect of temperature: 700-1100°C

e effect of CO, concentration: 0-20%
e effect of H,O concentration: 0-20%
e effect of residence time: 0.6-1.4s s

IPST Confidential Information - Not for Public Disclosure (For IPST Member Companies' Internal Use Only)
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Laminar Entrained-Flow Reactor

Primary gas and
particle feed

Furnace

N

Secondary gas Gas to analyzers

Quench gas v
Particles < 3 pm
Particles > 3 pm
IPST Confidential Information - Not for Public Disclosure (For IP%T l\?embcr égmpanies' Internal Use Only)

Composition of Black Liquor

C 33.24% Na 19.00%
H 3.00% K 1.71%
O 35.81% S 4.40%
N 0.25% Cl 0.43%

IPST Confidential Information - Not for Public Disclosure (For IPST Membcr Companies' Intemal Use Only)
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CO, Gasification

IPST Confidential Information - Not for Public Disclosure (For IPST Member Companies' Intemal Use Only)

Vaporization of Na strongly depends on

temperature
0% |, o -
T 309 . 0.63; - ;
'g i m10s 8
0, i . : ;
= 10% | | |
2 . }
i 0% .. B B — \ ;
500 700 900 1100 1300 i

Temperature, °C

IPST Confidential Information - Not for Public Disclosure (For IPST Member Companies' Intemal Use Only)




82

Vaporization of K also a strong
function of temperature
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K enrichment factor decreases
with T in the range 900-1100°C
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CO, suppresses Na and K
volatilization
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Cl in fume highest at 1000-1100°C
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Conversion of NaCI/KCI to HCI
important at long residence times
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Cl Enrichment Factor decreases with T
in the range 900-1100°C
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Cl Enrichment Factor increases with t at
900°C but decreases with t at 1000-1100°C
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CO, affects Cl in fume but relationship

complex
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Cl enrichment factor usually increases
with CO, content

s 4
o | |
& 3
€ | |
@ L 2
g 2 ‘ l :
£ n L
= 1 i.1.0$.
3 ‘m14s
0 5 10 15 20 25|

CO2 content, % |

IPST Confidential Information - Not for Public Disclosure (For IPST Member Companies' Intemal Use Only)

H,O Gasification
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Fume yield increases as residence
time and temperature increased
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A maximum in fume yield as a
function of H,0 content
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CONCLUSIONS

@ Na/K vaporization suppressed by CO,

= less fume during gasification than during
combustion

e K enrichment factors higher than during
combustion

= fume better source of K removal in
gasification than in combustion

e possible to concentrate all Cl into fume or gas
phase

w options for Cl purge

IPST Confidential Information - Not for Public Disclosure (For IPST Member Companies' Intemal Use Only)

F028 Black Liquor Gasification -
Plan for March 99-September 99

® atmospheric

= complete study of impact of H,O on Na, K,
Cl

= fate of S during H,O gasification
® pressurized

= establish reproducibility, material balance
closure

= gas phase major (C,H) and minor species
(S compounds, NOXx, tars)

= establish qualitative fume collection

IPST Confidential Information - Not for Public Disclosure (For IPST Member Companies' Internal Use Only)
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F017-04
Control of Non-Process Elements in

Kraft Pulp Mills and Bleach Plants
tatus Report March 25, 1999

S

By Wolfgang Schmidl

and Jim Frederick
IPST

Background

e To reduction of water use in pulp and paper
mills, we must recycle water

= evaporator condensate,
= bleach plant filtrates
-> whitewater

e With recycle, inorganic and organic materials
accumulate

e They can interfere with process operation

Confidential Information - Not for Public Disclosure
(For IPST Member Company'’s Internal Use Only)
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Metal ions interact with other seecies
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Current Work:
Evaluation of Prediction
Capability for Solubility of Metals
in Green and White Liquors







