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_,,_:,_,The melting temperature of the fume
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
ratewillincrease -

b
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. For a single compound there is a
melting temperature

· For a mixture of compounds there is a range

of melting temperatures

........TOfirstmeltingtemperature(FMT) ..

........T_s sticky temperature

........TT0 flow temperature

........T_00 complete melting temperature
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'..Te.mperc_ture
............ :..,.

:'_An effort is being made to d ":'?'_......p

:melting temperatures of the sintering dusts

, Our first approach was to use ChemSage

software package

.........Gibbs free energy minimizer

........Using thermodynamic data file developed by
' AboAkademi .
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. . ...

_ Predictions Vs. Experimental
....Literature values- single compounds and

binary mixtures

........University of Toronto data

Synthetic deposits

:_,_ESP dust samples
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Good agreement was found between
calculated and literature values

· _ Overall 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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,,,_The ChemSage FMT values averag
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

_
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,,_,Experimental FMT ranged from 509 _,
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
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Influence of composition
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Sintering at 500 °C.
.......: :;._..,_ .....

IPST Confidential Information - Not for Public Disclosure
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The importance of the microstmcture.

......: _:::i_iiiiii_ij?:
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F016-01
· ..

i i iiii iii i i i i i ' il iiii iiiii Illlllllllllllllllllllllllllll ...........
i il ' i -- i iiii i ill ' i III II IIIII

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' InternalUse Only)

F016-01 Fume Formation
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® Objective'
,-to determine liquor-to-liquor variation in fume

formation and K and CI enrichment

® Incentive'
,-improved recovery boiler capacity by reduction of

boiler fouling and plugging, reduced corrosion

® FY 1999 goals
,- complete study

® Status'
,- experiments complete
,-chemical analyses 90% complete

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

Primarygas and
particle feed..

Furnace

Secondarygas Gas to analyzers
Quenchgas

Particles < 3 pm
Particles> 3urn

IPST Confidential [n£onnation - Not for Public Disclosure (For [PST Member Companies' hltcmai Usc Only)

F016-01Fume Formation -
Liquor Compositions

® 19 liquors from 15 mills

® 12 softwood, 5 hardwood, 2 mixed liquors

® Na' 14.0-18.3%

® K: 0.7-2.7 %

® Cl' 0.12-0.87 %

® CI added to two liquors to make 1.5 and 2% CI

® NaOH, Na2CO3, Na2SO4 additions to one
liquor

_
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No statistically significant correlation
of Na vaporization with liquor Na
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Fume K content increased as liquor K
content increased

8% ..................................................................................................
,4=a

6%
0

o 4%,,,' L
E 2% .
:3 .;;
!,t.

0% ....................................................... ,............................... '

O% 1% 2% 3%

K in Black Liquor

_
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Fraction of K vaporization independent
of liquor K content

60% li
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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 CI content increased
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Cl enrichment factor independent of
liquor CI content
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Effect of Na salt addition on Na
vaporization

III II II
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Na vaporized/(liquor fixed C) as a.
; function of liquor Na content
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Conclusions

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

® Modeling required to obtain correlations:

,- NaCI/KCI vaporization

,-reduction of alkali metal phenolate groups
,-formation of HCI

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

Control of Evaporator Fouling
Status ReportMarch 25, 1999

III I I I.U....................................................................................

By Wolfgang Schmidl

and Jim Frederick
IPST

Soluble Scales are Mixtures
of Burkeito* and Na2CO3

:_:.:-:::,::¥---:: :: ::: . - . . : .... .... -- :: -- ... :.... : ......:. :::........ .: . : . .: ..: :::::::::::::::::::::::::

Na2SO 4, wt-% 39 51 51

Na2CO 3, wt-% 51 39 26

Na2SO4/Na2CO 3 0.6 1.0 1.5
mole ratio

Other inorganic, wt-% 1 1 2
Organic, wt-% 9 9 21
*Nominally 2Na2SO4.Na2CO=, but ratio can range from 1.4 to 2.2

_
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Critical Solids Points

16 I I

,, i Minimal i Ser/ous_st_,,_,,_ fouling fouling
12 _ritical _ <' i >

Soluble So_dsPoint _ i
--__ _nd Critical

Na2SO 4 + i

Na2CO3 ' 8 !
f

wt-% BLS i
4 i

L Burkeite

_ Precipitates Precipitates
O ' I I I I I I

40 45 50 55 60 65 70 75

Total Solids Content (%)
Confidential Information - Not for Public Disclosure
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orator 0 era Limits

· LTV (rising film) evaporators cannot
operate above 1stCritical Solids without
fouling

· Falling film evaporators can operate up to
2'a Critical Solids without fouling

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

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



23

Current Work
Ill

·: : _ · -. ::'_::: _ _.,:.._':._ .,:.::_;:....,_.:::.:_......7.:'_,._.,: ., -:;._:_.;:_ .;; .._.:-:_.::_ :: ::..:: .::::_:;_..... :;._..::,.:_.:..... :_ :_. ........_:,:::..: .....,:: :_:..............::,::::::::_::

Objectives of Current Work ...............I
·-.. _:. ,: ,:. :.... :_ _. · _:._ · _.: ..... ' . - .' :::...i_ .... ._ '.-._. _. '" '-'," -::..:' z.

· Simulate solubility behavior of NazCO 3 +
Na2SO 4 to predict critical solids points
1. Solve fouling problem in the 1st effect of a

falling film evaporator ("Mill A")

2. Evaluatoevaporatoroporatingstrategies
for an evaporation train ("MillB")

, 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
. . . . .

Curve Na CO3= SO4=
A 21 10 6

0 B 20 8 4

kaSalt c 18 6 3
Precinitated .........

per kg Water o A: : ::::.: .....

4

I" ._ &.J

0.1 i_i_/!i.!i::;:: ;_....._:i;

Concentrator. ;.,........;_._._:.....

' 0
40 50 60 70 80 90

Total Solids Content, wt. %
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Mill A: Effect of NaaSO 4 Addition on
Sodium Salt Precipitation

0.4_ .......................
.... :z- -

::.. B - typical liquor..

:' ' : D-typical liquor+

0'3! :Dil / recycled Na2S04

Precipitated 0.2 !,

Per kg Water :i

Evaporated 0.1'i
.j First .Concentrate: : : :X_'
'" Effect" " _: '_'__ ._ :_ '_:

0 'J..................... * ' ''" ::':'' :: .......
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 Na2CO3 Na=SO4 1st 2nd

Low Inorganic 18.0 10.6 4.4 51 57

Typical 20.0 14.1 5.9 47 53

Typical + Na2SO4 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
Na2SO 4 particles to recirculating liquor in 1st effect

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

Mill B

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

· 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
............................................................. II HHIH II i111111IIIIIIIIIII IIIIII IIIII IIIIIIIIII iililii11111illiiilii1111IIIIIIIIIIIIIII

Liquor Critical Solids
Case Temperature, oC 1 st 2 nd

, ,,

Current liquor composition
1 124 52 54

2a 111 53 57
2b 116 52 56

Reduce Na2CO3in 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
IIIII

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

· Must limit 1steffect product liquor to 53-
55% liquor

' · Implementing process changes to reduce
total Na2CO 3 load would permit desired
product solids concentrations without
majorfoulingproblems -

°

Confidential Information - Not for Public Disclosure
(For IP81 Member Company's Internal Use Only)
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Conclusions

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

· Precipitation rate is higher above the
2 nd critical solids point than below it.

· The 2ndcritical solids point can be
controlled by adjusting the Na2003

and/or Na2S04 content of the liquor.

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

e Chemical equilibrium predictions can
be used to

_identify evaporator operating regions
susceptible to scaling and
develop alternatives for reducing scaling

* This tool is ready for use in solving
evaporator and concentrator fouling in
membercompanypulpmills

Confidential Information - Not for Public Disclosure
(For IPST Member Company's Intemal Use Only)
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Plan for FYO0
_:_. . . :-.---_--.-:---:: : : . : . . . :. . . : _ - :: ---:..... :...._....: : :.:, _ __: _ .__ .._. . .._:;._:.:

A. Implement Evaporator/ ' I
Concentrator Analysis Tool I

® Identify 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. Scalin Studies

· Complete the solubility measurements for Na
salts in black liquor

· 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

· 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
in Black uor

· Collect liquor composition data from mills with
soluble scale problems in FFE's

· Calculate the 2ndcritical solids point to check
correlation with soluble scaling experience

· 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
EvaporatorFouling .

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

1 BUDGETING PERIOD: 7/98-6/99

1 SALARY BUDGETED: $18,087

1 STAFF:
,,

PAC GA DOE IPST
F01708 4239 415701 F01701

Zhu 5% 5% 20% 300/0
Chai 50% 50%
Liu 100%
Heedick 60%
Yoon 100%

OVERVIEW OF THE PROGRAM

TaskA TaskB [
Predictive Model Separation Tech. 1

IPST(Zhu) IPST(Pfromm)
UI (Edwards) GT (Rezac)
GT (Teja)
NCSU (Kirkman)
NCASI (Southeastern)
MILLX ._ -
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Task A: Predictive Model

_VLE Database ] Model Model
Development Validation

MMill Streams l

(IPST) ! (UI) (UI, IPST,

odel Solution VO C NCSU, Mill X)
(GT) Formation

(NCSU, IPST)

Previous Accomplishments on Vapor
Liquor Equilibrium

Member Company Report I, II, and III

I Developed Automated Methods for Quantification
of voc Concentration in Kraft Mills Streams.

J. Pulp & Paper Sci, 24(2), 1998.

l Developed Automated Methods for Measuring
VOC Henry's Constants in Kraft Mffis Streams.
J. Chromatography A, 799, 1998;
Analytical Chemistry, 70(16), 1998.

I Preliminary Study on Methanol Henry's
Constants in Black Liquors. _

TAPPI J., 82(2),1999. ·
i
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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

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

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

I Methanol Formation during Black Liquor
Evaporation: Laboratory Batch Study

Confidential Information - Not for Public Disclosure
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Progress in This Period

I Further Study on Methanol in Pulping.

· Understanding of Reaction Pathway
Fundamental

· Effect of Kappa Number on Methanol
Formation

I Effect of Wood Species on Methanol
Formation (on going)

/Methanol Formation in Storage: Using
Black Liquors

Other MAJOR MILESTONES

1 Presentation at NCASI CCA Meeting at GP

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

Confidential Information- Not for Public Disclosure
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EFFECT OF TOTAL SOLIDS CONTENTS

7 · T=50°C · T=60°C

03
& T= 70°C _ T= 80°C

_ e': Aa' _ee'a, .............ar,/3
&

o [" A ·
.Ic___._._--- L---__ ......q.)

Odm, dlg_.

>.,, r'- Oil I .....

t--"-Il _ .......... m ...... '""" ........ =0 ................. lB
m i'-

©
cl 4

e · , . , . , . , ' , ·
0 4' 8 12 16 20 24

Total Solids Content (%)

CORRELATIONS

H - m exp(- A
T)+B'S

A- 6000
B = 1.5
m = 1.1902x10 _3
H in Pascal

_
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MEASURED vs PREDICTED

?
O .... · W ater-Methanol

A Mill ALRS

·_i!ii'_' M i I! A L R H

c_ _;_ MillUCSS

_ 4_ Mill WVCS

[] MillWVCH
A Mill GPLS

o $

C_ V Mill GPMS
v==.4

_I O Mill GPMV
o e ,_
m _ Mill UCS2

_ Lab 73A
v=.=n

,._ _ Lab 74A

0 _ Lab 75A

O ..... ,", ........ , ........
4 S ' ii · Lab 76A

e e e ·

Measured H (kPa)

I I Ill

Methanol Formation in Pulping

.::i%!ii!::ii.i'ii!:..i!,_:.=?::._,::i':?i:?iilt==============================._:.i:.:...i_¥:'¥:_:?q':..?_i_!?!?_ii_._:_?iii_i!i!:!?_%_?!?_!i:!_.:?:.?ii:i!i:i!?_;!i:_!.i_?i?_?%_;ii_??:i:_:_i_i.:=Xii?i l_:i?i?i?_i:/?i;

·!'.: . t }' :,::!':;.i:::'"::::-:.{i:Z_::"::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!:_f:.::':.%:.ii'fli:::::;;_:_i:::':.::i.:_';:.:.'.i;W:i_<:'_:_:;_{!{_;_:_;:_:i::=:i;i_'i'i;:::_?ii_.!_i'iiii:i?:;!_==?ji:_ii!==;!i_i=_i=::.:1.

i:;:_::??_:,i'::i;O!O_o?,d;:;,i:_:,;?::;:i_i:':':,Z-''_:':'::''::_':i'?{f?';.i *.::;i::?_::_EO?_i6:_,?:_:;!;/_'ii_::".!:.=i_i_ii'
!. :,Z:i:.:.::7!':.':!}:_.i:.i :ii?i:;:;!i'i:;!:;:;:?i:i'::i.!::::::i:'_i:.!_,._::::.:::':::.::::::::::::::::::::::::::::::::.?::_:_::_i':::_'_............. .,;..:._;:_:_i'.?::_:-;:i<?:i_!:;_:i':::_::.:'i'::::.!;;:.!_!i.i.:'_;::iiii_ii_i=.:!' i.. -

;.:_::_:_:'<80Oi!;]_iii_:i_:_::_:';'_:'::.'::::_:__:::"_:'_:':"-::::::::::::::::::::::._ ?i:_'?::_;:::_':._._'i'O:_:':::'S!'::3!:?,:,_:_ii._ii::i_·..4._!:.:......:_:':..: !.. :i_!i!.l:!!::_:_::'': :.::.'_'.:::::::':'::;:_:.:X:_:'_':::.-::--.i':_':!:::i::: : ::"::':?i!:::i..::!_':d :-b:.!i:.:i'_._.::-;:!:
-'_,i_ ' · ." " ...._::, _ :::::::::::::::::::::::::::::::-.'::::::';-;_:_:_:_ Z:_::'::. ',..'..':...:-:.::v.:.:.:....:'.........."....... ' ..:_......t.....:..'.:_.._.._.::_._.,_,_.__::._:-_'_._:.::-::.
...............................!_;i_'i_:::::';i_!_:':ii?_i::::!'L_'!ii!::;'::iiii:;: :::ii/:!i;:i'!ilk!illi:i_':!_:i?:i'i_,:i_!:?:.ilili_

,_,:.':._,;::_...:._.-::_?_:_,'i.iS.,:.:'":"i:;:_:::'_:i%':.......:_::_::._!!._.:?._:_/::i.::i',?_iii':._:!ii?:.'_L__'ii?'i"!i?i.:i:::i_?iil?_!!?.?:_iii:?_.._ii:}!::ii:iiiii.il'ii?;iii:i*iii';:?!:i::i_"/_=?::/_?!"ill:ii!?:/_ii_ii.?!'ii?iii'i:::::::::::::::::::::::::::::?i;:'::_:::,.i//?!:i:i::?_':*:'--_Gd4:0?;?;ii?i":<*::=':'"_:'_:a**_::::_::_:::::'_"_::';?i_ii?i?_!_ii:

ii';Ti?;_!:iii_!!OiQi_/C_ii?_'""'_!:/??:j??;??:i!i?i::;ii:i_:!:iii::i_ii_!!!_!i::;_;;;_;iii:i!iii!ii;;i::iiii:;?,i::i:i?:';_?:i:!ii?::;i';i:i_i!ii_!_:::ili:i!i:_-_-,:_!:?i?,,:::ii!i_i_;i,:;_:_;i_:.:!_:i;:?;;i!;__;,i.....;_?"._°__________*i$*;_i$i_*._!:_$*iii:/_`i!_:.;_!i!i;_:*_**_:/i!i::;*i_!i:_;i:*ii!*ii:*_i:i:;iii_:_i!:;;..._:;_!ii,_i**:!_**?ii:;_xi!:iii?i!ii;i:;!:iii**¢iiiii,i/_?i;i_,!*!;_i!i:;:

_i:!?:i........' ' ..._.>;_i_!.:.?:_.:_!_;i!!:_!_?;:_ii!i_!!!!::_?%:!?_iii.i:?_.:::i._::_i_i_?_!._?i:_:i:.i_i:_i;_i;::_i__?;_!_!:?!:;:'i"i!:i!_i!'!?i_!_ii_'?:i??_i_."_'?.'?_:;_?",:'.:_':_:

::'.::':':::.ii:_?_?:::?'::!'?_.__':/_i_;_:oi_,:i:,,_?_:i_g_'_i_::::_:_i__i_?_:?......:_.:._:_

. PUi:lping.::..:Ti_me.:(.rain::) ::. _::.......... .........

Confidential Information- Not for Public Disclosure

(For IPST Member Company's Internal Use Only)



39

EFFECT of Kappa NUMBER __
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EFFECT of Kappa NUMBER
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l EFFECT of PULPING PROCESS
10- ®

c_ & 4,·- I i
= _ ,I,

8 ,I
_ ,,

6 ·
(_ I Conventional Kraft AA = 18% S = 30%

_O _ _' _ Conventional Krafts _ 15% WithoutAq
_ 4 _ Conventional Krafts _ 15% With Aq

·-..n / O Polysulfide !.45% S =15% WithoutAq©

t; El) Polysulfide 1.45% S :=15% With Aq

2
,._ Ik Polysulfide 0.2 i % S = 30% Without Aq

11_ _, Multistage

0 , · , · , · , · ,
0 500 1000 1500 2000

H F actor

r
i

METHANOL FORMATION

FUNDAMENTAL i
I ,, .

I
i

O Hydrolysis of Hemicellulose Methyl-D-Glucuronoxylan
CO2H CO2H

CH30 I I

O Demethylation of Lignin
CH2OH CH2OH
I I

-O-CH
I -O--CHI

HC-- HC-

+ OH- _ + CH3OH

NOCH:, R O- -
R

I

ON ..Iox
,, , ,
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Correlation between Methanol and HUA
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*0 m UeOH , T._..._.7..O_.C..............................
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Correlation between Methanol and HUA
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Summary

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

I The Effect of Kappa Number on Methanol
Formation Can Be Explained as the on Going
Hydrolysis Reaction of the Methoxyl Groups on
Xylan.

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

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

METHANOL FORMATION IN LIQUOR
STORAGE - Previous Results

· '_:':.... :: :i:::i.:!;_'i:.:)i':,i!?:i!.:_i_?!:!'i:.i:!::.':.::!;.:':::'?:;(i(:.i?!;.!:i:;:i_?'.:,:::!:?_::5;:ii:ii:::;:!.:-:''_'''..... L:::.:¥i.:!:'-ii:
·m- · · .' 0 _ ' · ..:_v.:_...?..::::'::_::.::: · ·:: :.:: ,..:::::::.:_-::,,:?.:::'.:_-::::-:'?:.h,j.... : ...' :-._:.
_,':. ' ::-';:'.:::(_'Jl%._':.:;:'?:::::::::::::::::::::::::::::::::j,:::-:_:i::,:i:;::J:':i:':/:': ' :i':._i;!:ii..il

- '_':" i '..8.0:
(.) i:::.. ' '.:.:"!?i:: !!'i:'.::-:i'i':i:iii::::::.:'::..:;:i'?!.'i!''_'''.''' _!!?i':i;:_.?i::':'

::
....._i:Ti:i.lm:.i._,:.!!('ilm::i::.fii_!:).?:ii:::..................' '_.......:".:'"-

dC _on = k ' [Lig ]a .[OH - ]_ = Consdt

k=Z'exp I RTEt
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METHANOL FORMATION IN LIQUOR

STORAGE - Black Liquor
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METHANOL FORMATION IN LIQUOR
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Comparison: Lignin vs Black Liquor

140
&

T= 70°C A
_, 120 · ·
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_0 100 A AA

_ · I I I I I I ·
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O ·
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*: 20
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, _ 0m , · · i · · ......0 600 qooo
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ii

Summary

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

l The total formation is about 10% of the

amount in the fresh liquor

I The formation process is completed within
the 10 hours

1 The effect of evaporation of the stored
liquor needs to be studied
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FUTURE WORK

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

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

I Conduct methanol during evaporation on a

pilot scale evaporator.

/ Study wood species on methanol formation

I Measure methanol Itenry;s constants in fiber-
suspension solutions (DOE Mandate)

1 Data analysis of Henry's constants of MEK
and DMS in black liquors

I Sum,marize the Study in Reports

THANK YOU
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Project F01706 (Dues funded)

Remove Chloride .and Potassium from Kraft .....
ESP Catch usinn Membranesv

P. H. Pfromm, D. Taylor
. ,

The issue:

CI and K enrichment due to

low-effluent kraft pulping and bleaching

® Tight liquor cycles and bleach plant recycle
cause increased C1 and K concentrations

® Decreased production, increased
maintenance

Recoveryboilerplugging
")Corrosion

, , ,,

-)Deadload
II_T C_k.n_-I bk_m._n - Nm kw_

. . (r_,,_-_r,_,._ c,-. r.,g _-,,_ u.- o_ P.n,-,.-. _ P^c._-ltw. l-r 2

Electro-membrane processing for '
CI 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.

,,

II_T C.ml'_-nbl Infi,rm,_. N*,4_orpel,_ da-'knmn.
(For IP%'TM,.mb,.rC,,,n_,njv Ink,,m.dI.huPt_'- P.P{.... R_'[w_' PAl.2.q_win_W. _d_,,.l
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CI and K removal from the kraft '

recovery cycle: approach

® Treat ESP dust, remove C1 with K, Na.

®Electro-membraneprocessing,

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
Ii,b_rCIn_nnllal Ii_l_n_llml - Iq_ foritaly, d/m-lmalff

(n,,,_-r_._ C__l,._. _ o=.o_. r.n.... _ r^c.,¥_ qn.I_ 4

Process Overview

.........................IPreclpitat°r llG_ . ;_:_'Membrane
unit '_'.1-._,:_:!.z-

'r_ =_g'y_'l_ '1'__l'l'l9'_

:!!?i_::_'<_...,_,'_ii_-:_:_"_,?_

ll_'T (._nl'ab..i,d in6_nl_ - N_.4_ I_hilc dlsch,_n.

Selective CI and K purge using
electro-membrane processing:

· 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
II._TC.n/klb_ g knlTna_lm - 1_4&w i_l_dilckan.

t_,,.':.-r_.._ C,.l_.,__,_,,.iu..o_,,-P.n..... _'7, PAc._ _.l-li. _
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Electro-membrane processing:
project history

· Objective: selective removal of CI and K .....
from Kraft RB ESP catch, start: Fall 94'

· Pilot test performed in 1997.

· This report period: 9-98 to 3-99 ....

®Budget: FY99, $166,276 , , ,

· Project will terminate with FY99

®Staff: P. Pfromm, D. Taylor .....
u,sI _till Intamme_ - !_ld _ im_mc_

, _ "_r _-_ o-r._, b'"_d O"°'*/' e.m"'. _*m* e_ sf'_w._'_ 7 .......

Objectives for FY 99 , ,

· A: Technology transfer, electrodialysis of
ESP dust ....

· B: K/Na selective membrane separation ..

· C: Ion exchange for chlOride/potassium

removalfromgreenliquor. '

· D:ESPdustelectrodialysis,increase .........
solids in feed to 25%, use more
advantageouswatersources

iI_'T_Inl Ildfmclnaalom-N_ (ofImldk_
(RHrII_T MemkefCmnlmm/Ink,fad I,,h*_ P.Plioemm,It,eemm9'PAC.qpd_KIJm,pqel ..

FY 99 Progress vs. objectives to date

®A: Technology transfer

-')One membermill agreed to use a DOE
fundedpilot test (Spring99, eleetrodialysis
of bleach effluent)to become comfortable
with the technology.This millhas a need for ....

chloridepurge.
·')Capital investmentavailabilityis currently
verylowintheindustry.

IP':,TC_mlideatkdInhn_.llon - No4kn pwMk'dkdnea_
(r.,,, ,_x _.,.,, c,,,.r.,T, _ u,,.o,,¥ r. n.,-.. _ rac.,y,_ w. _,
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FY 99 Progress vs. objectives to date

®A:Technologytransfer ·

.->us Filter/HPD would engineer/implement
theelectrodialysis,butnowarrantyon
membrane life (per Gerald Delaney).

'-> IPST IP Attomey reviewedpossible
infringement ofa PAPRICAN patent.
Conclusion: very likely no infringement
problems.

IPbT_i latmmalloa - I_lt8MrI_ d_rlm._.
(_ II_,'rI_kN.__ D_ _ _0_- P rGw..., _ fAC _ _n,Mir' IO

FY99 Progress vs. objectives to date

® B: K/Na selective membrane separation

·->see evaluation of high solids experiment

® C' Ion exchange for chloride/potassium

removal from green liquor.
q_No new MS candidate found. CI removal

experiments planned for remainder of FY
99.

II.l_TCt,ml'kknnrial inharmal_m- I_h,t_r p, klJk'dim'lknmn.
(Irl_rII_T M*,mln_rCombo? InlmntalUm.O_l - P, Ntn_mmoRan'l*_'__'PAC ._nl_ _. I_g*, il ·

Progress vs. objectives to date

· D:ESPdustelectrodialysis,increase
solids in feed to 25%, use more

advantageous water sources
· .) Extended continuous feed-and-bleed

laboratory scale run with actual (lust (no
pre-treatment) was performed.

·')CI selectivity is still very good, despite the
high ionic concentration.

· ') Detailed report follows. "
II_T G.ed_den_ la6ormae,a. Not f_ _kac dmrk,m..

(_., ._T _...., c,. r.., r,,,_,_ u..., _,_..r m.... _""'"V rAc'y,_,,', I"_ _'
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Why use higher dust
concentrations?

® Less water to evaporate from the

dechlorinated recycle stream.

® Higher per-volume chloride

concentration will possibly allow higher
electrical current density

(this means lower membrane area = ..

lower capital investment).

II_'TC.m'.,t_nli_ IA6mm41iml.N_ f_ri_l,lk- d_.l._.-

(r_,mST_.s.C,..i...:,' ,...._u..o_,,r.n....,r..._/,ACSl_.gW.p.IF,S , ..

Batch electrodialysis at

25 weight% ESP dust concentration

· Previous laboratory runs:
140 grams/liter

pilot test: 170-190 grams/liter
now: 311 gram_ dus_/liter (25 wt%) .....

· Membranes are the same as in the pilot test,
40°C, 7.1 mA/cm 2 current density

® Dry dust contained 1.3 wt% chloride

II_ C,,_ld,._nl/_lln_,na ali,hi - I_,(for !_hlk' d_lnnua-
(1_,,IPt4'l'M.mh_rC,wnr a_t"I_.wnalU. On_t-P.IN.... Itannw_PAC._i_g 99.paiD-14 ,,

Feed-and-bleed electrodialysis

Tap water

1/_ Electrodialysis

1.36 _ r _1 1_0.064l/h

___. -[ 41 ]--I '_- ' ' Purg-_35gCl/1eriss.I I '-,, .................
°"s'l I '-....... -'×Dissolved dust'".

25wt% _ , rna+. _ ',

diss. solids, +

4.1gC1/1 Bleed, 2.8 g C1/1 so4C!'
(recycle to ."
recovery) .........................'....

I!._.TCa,,_rldm_blIIn3m.lalliln - N4J4fin'I_ldllcda'kan.
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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.

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

Ii_,TC,,n/Mmdi. l In/1ml_nn - l_k_k_ I_ll_ dim'llmam

(f.. le,:.'r_,..I.., o,,.p.,v b*.,_ u,,,.o,,_,:P.m,,,,.,, m,<,,,,_,enc.,¥d_,_, I"r i_,

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

60 )K ...........

! ×
_ 40 Xo > i · = = i ii

_ 20 o a eoeaae(c,d).re_a.· Electrical resistance of thl sta_

, , _ .................

0 20 40 60 8(:]

Time [hfs]

IP_Tc, mrld4n_lidlb.&wmali_n- F_ f,,r _H_ dim'kin,m*
, (_,,,,.-.x _..,,.., c,,.,r..y ,...,..i u..,.c_,,,-i,. i,r ..... R,.,.,,,,,._r^c.,¥n.ll w. I"fi" 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)
_

,'

IP'_TC,m/Me.nli.,dln&n'm,llkm- t_ forpuldlicd_,,'l-,_ ·
(_,,,,._T _. h..,c,,,,,p,?,. _._.,.,.i u.,,o_,, · P._v..... _.,.,.,,,.,._,_^c.,_.G w. P'r '_
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New mass balance,
based on 25wt% solution

· 1000 kg C1 to be ourged per day, ESP dust has
1.3 wt% Cl, remove 80%.

· 96 tonsof dustdissolved/day,
56GPMto be evaporatedfromtherecycle.

· ---375m2membranearea.

· 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)

· Cap. cost<$1MMfor theelectrodialysissystem.
IP_ _,n('_l imtq_litm - NaA&_rpid_c _'lllnmff

,(l_,rIP_'T'Mvmlwn'(.'.om_,n_' Ink,fiNudI.h,,Ond_l- P.if, mann.liking. PAC.c.gn'ingVV,palp.IV ,,

Path forward

® Write final report.

· Writequickreferencepaper(milllevel) ....
on chloride and chloride control.

®Attemptchlorideremovalfrommodel

greenliquorbyionexchange.

II._TC,,nfi,Jfna,lin&,rmab_n- Not_r plkl_ dbclrm_.

Project 4160
(DOE funded, no 1PST matching funds) ......

Recycling of Bleach Filtrates using
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)

II._T¢:',,nfithnl_kdlIni',wm,,li,m - I_t &,ri_h_' dm.k,,aim
(F,., ..'ST M,., h,.,_:,.,, p,,. m.k._,._U,,-O,,h.. P. I'f..... r,,-,,,,_. PAC.,_I_,,Gw. i,,_- ._
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The Issue

®LoweffluentbleachedkraftPulp

production

·')need to recycle bleach effluent

· Acidic bleach effluent recycle introduces

:metal ions, calcium, chloride.

(r.., "'s'r _..._,-, c,-- r,-T _'-,,,a u,- o.Y- r _"--."-'_ fAC Y '_"'F'_' ......

, i.

The Approach ' .

® Remove NPE's from bleach effluent
,, ,,

before recycling.

· Challenges: . ' -

·-)dissolved organics

·-)particulate matter

® Choose a technology that addresses

anions (Chloride) and cations (Metals,

Calcium..) ....

i1_7'Cn_tidJ,n_lInkwm_ - Nut &,e_
(F,,, ms'r _.,_ c,,.i..,T '"_"_ u.. _ r nm,--. _ fAC _'m. _ _ _

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

")Enablebleachplantrecycle
IFI_TCimfid*mlmlIt_em_ - Not kwimldk'

(ForII'%Tk4,.,,k..r(3r,w,jx,n,(IniM'vudU...Od_- e. _n,, tF(nw,.,,(PACt:Tniell'Pt,I,aw 24 ,
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Process flowchart
Weak black liquor NaOi'L C_

to :c_m 'wadmzovery Mg, steam

(wat_, imwgamca, lignin) .I.

w,.hb_ L ...... ________d_ __, j
d' I ...... "_" --_'

,'a.., a,l_id.) _ H_o Bleached
s.,..., pulp

To_,,_y,_ I (k,r,._.,- ,
remove NrE',, tlx.n rt.,Tek. I nudan;)

II'STC_,dl,b.fi_l I.bnlaaa,,n - N,,4f,w Iai,&' da-'lo.u-
(r,,_I_.x _.,.b.c.,-i-_ ' i.a.,,_ u.. oat/. P. n.,.m, _,,,-,,,,w PA(: .,4ra_w. r-s,' 3s

Bleach Filtrate Electrodialysis:
Advantages

®Continuous process, no regeneration

®Open flow channels (tolerates particulate
matter) ....

· Remove C1-selectively over SOn=,
simultaneous to metals/trans, metals,
Ca++

IRT Confid._,a.I int(,na4"-n*· No__or i,.ll&' d_'lo_n.

, (r-,,,[_T u,..,k,.. C,.. r"-," I,,_.,,.d u.,. 0_,,- P.n..,,..,. R,.-,,,,.,7 P^C.'_,,ll w. r"i" _' , ·

Bleach Filtrate Electrodialysis: ,,
Challenges

®Fouling?

®Membrane area? (solutions are dilute) ......

· Removal efficiency, selectivity? "
_

II%Tt_,ndMeni. I Ind_lffIBdlJfi4n- NIl4k.r I_dh4&' db""bMIrP

(F.r II%'TM_mb*n'C,nln[IdnvIn_ _ (._dv-,P.I_.,mm. Rm',n'm'N',PAC.qpringw. f_f_.
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Bleach Filtrate Electrodialysis:
Year I Summary

®Acidiceffluentsfromthreemills(IPST):

®Electrodialysis (lab scale, ANL) with two
effluents,nopre-treatment - '

®Analyze (IPST, ANL)

®Estimate for scaleup done

®Conclusion: perform lon_-term tests to

show no-fouling, and prepare for pilot
scale

1115_C,,inlM!nllildInttnlnalkm - N,__ publ_ dllt'lm,,l_
(r,,, ,._r _._ c,.i.,_ ,,,_,_d u. _ P.Pr,,,.., _ fAC _ 99,pm. Zs

BleachFiltrateElectrodialysis:
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,readyforpilottest _

II_T C_,n£ldent'llnt,n',ndti,m- N,Kfin'pubiA,diaclt.,_n.

(F,,r II_.T!demkefC,*m_nv Inta.rm,I U. C)_nl_'-P.Ph,mm.R,-.'ovef_.]PAC:._'in[_ t/q,_,_.,_

Concluding Remarks, Year 1+2

®Long-term laboratory performance OK. ,....

®High removal levels for important NPE's,
andChloride. .

lll_-rCo,dldann_t,qInd'mlnaWm- N.t &_rimkiA·da-in,an-
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Year3

®Pilot scale test site identified, mill visit

was positive

®Addressresidualchlorinedioxideissuein "

bleach effluent, membrane stability?

® Address issue of entrained fibers

®Performpilotscaletestatthemill

,

II_,TC_dldenlhl b_ufmalbm. Nmfen_ dint-b,,mn*

(F.r IP_Tkll_m_r {._n [Mn;'inlPmd Uw.O_'f-,r. Pfmmn. Jta_w._ PAt:SpringYg.IM_p'31

Project F034 '

Elimination of the Calcium Cycle: Direct
Electrolytic Cau_ticizing of Kraft Smelt

J. Winnick (GIT Chem. E.),
P. H. Pfromm

DOE Agenda 2020
Energy Performance Task Group

Proposal for FY 2000 pending
.........

11_7'C(mfi_h,nlblIf_wmaekm- Not for[nddicdlm4n,mn.

(ForII_r M_ml_.rCnm_nv InIPrnalUiwC_n¥ P. Pfc,mm. P,_n'nnq,eyPAC.q_ring99.pagP52

Electrolytica! $ Water

..... [ i"- Lw_:_."_'n___[ ble2chinmtj)

I Organics CO 2

Inorganics

"Black Liquor T +
"White Liquor" Carbon

NaOH, Na2S Anode CO, CO 2, Oz "Recover

solution '_r +t Boiler

i J Electrolysis cell

I
] I Inorganic smelt:A

Water T 600 tons/day70wt% NazCO._,Na:S
Electricity

I[_T ('.l,nfidl_nUdlIM'oema_m- I%bd.fi)r p_Mk.dt,.rk)!uep
{_,, t_-r M,.mh,., c,,,,,p.,,,:. [,,,.,,,.d u,.. o,,_. e.m..... v.,.,_,,.,.,7 PAC .,_._fi w. r.T' x_ .....
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Motivation for Electrolytical
Causticizing

®Incremental capacity is needed in many
mills, it can not be done with traditional
technology(limekiln). "

®Processcontrol

®Avoid multiple separation/reaction steps
,,

.. ®Remove chemical equilibrium limit to
causticizing

IPt,."['_,denlial InioHllalioa- Nf,t forimldk dilclm,un.

?,, ms'r _._ c_i._ ' _,_ u.o?. P_m.. _ PAC_lf_ I'r M

Economics ,,

· Estimate for a 1000 ton of pulp per day
production:

42% savingsin energy for electrolysis

·') Marginal savings in operatingcost (since
electricityis currently more expensive than
fuel oil for the kiln)

·')Nocredittakenforproductionincrease
through lower deadload (increased
causticizinglevel)

II_T CJlldldenlidlIrllf_wmdli,m- N,df,,rp,lldicdilt'k.lun.
(Iq.' II_T M,.mt,,_(.':,,mI_n_';nt,.m,.dUn'0_117-r. I'h .... R4_.',n._,PAC.'_l_g W. rmV,._ ,,

Funding situation

®End of one-year DOE project was in ,.

October 1998. Since then, bootleg
funding from GIT for PhD student, IPST
for supplies.

®RACapproved(?)$100kforFY00for "
GIT PhD student, supplies, PI time.

II._TCon£ahMnlialInt_nmallms- I_h8forI_hlb.'di_'llma_'

(F,,,".'.T M,,, _ Co,, p,_ I,,,_ u_. o,_.. P. r_.... R,.,.,,_I,,. Phc .,T,_ w. P't? _
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,, , ,,

Funding situation outlook case A:
no DOE funding

®Use$100kfromRACfor: ....

®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.

®IPST supplies, and limited PI time. '

,,,,_ ,,

, ,, ,,,

Funding situation outlook case B: ......
DOE funding

[ i, ,

®3 years, GIT PhD student, post doc,
equipmentimprovements.

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

Ii_-r Ci,_lde_nllalI_mlaalllm - !_4 _ !mll$cdinctlmm*
(F,,,,_q' _.,,,-, c,,,. r,,m/ lae,,_ u.. o_. P.nm,mm,._ PAC.'r,m_ _. _ _ ,,

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.PatrickBryant,Eka
Peter Pfromm

ii._r_'_,ml',d_-n_L-IIlnhlnl,4,1[m- _ &mrimldlr .It-._
(r,_,._T _._..r c,m,i,,,. ;. In_,.,mdU_-t_, r. _..,,,, re,c,,,..7 PAC SI,,_,__.I,,N_._
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The issue ,,

®Compliance of bleach plant effluents
(COD, color, AOX) from existing bleach
plantsisorwillbeanissue.

®Compliance by radical changes in
bleaching technology or total closure may
be costly.
ql_An"intermediate"lowercost solutionis

needed.

II_TC_,_ _-dI_aJ,m -1_,4_ I,ll_dkl,mm,

(Fo, ,PST_..b.., O,r., Y,_ u..o?- e. nm,..., _ e.¢ _ _,. Pr' _

Approach

®Ultrafilter extraction stage effluent of a

fullysubstitutedbleachplant(withor -
without 02 delig.), split into:
-.)Low volume/highconcentrationstream "

with high molecular weight organics, color,
AOXtobrownstockwashing.

-)A high volume/Iowconcentrationstream
with easily treated low mol. weight
organics, and inorganics (chloride) to
effluent treatment.

IllbTCh_fidels#alie&l,fiadlliea - Nf4fi_ri el,lc dln'klnen.
. (F(,rIP'STMt-mherL_nnrd,nVInl_rnddLh_(')niv-iP'Ne,mm.Ran',,v.q'vPAC .'_wi_qq. r,_' 4I,

Expected results
ultrafiltration of BP effluent '"

®Laboratory work to determine specific
separation properties of ultrafiltration for

·

BPeffluent(concurrenttopilottests).
®Pilot scale data for hardwood and

softwood mills with and without 02
delignification.

®Fullscaleimplementation.

II_TCs_lial il_.nnalUm- hb,4tfinI_Micda-it,mm·
(F,,rIILbTblemh_rC,wniMnvIndmmudU_-C_- P.Pfmmm.Pdn'nveiTPACSpe_ng_9.pab.,.42
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Impact on the industry,
ultrafiltration of BP effluent

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

,,

®Chloridesandotherinorganicsarenot
recycled to chemical recovery.

II'sT _k-nS*l Intmm._,m- Not h,rI_Micdm'i_.r-
(_,, WSX_._C,..p_ I._.a U.. C_/,'-r. 0f.,m., R--',_7, raC._i W.l.r _ , ..

Ultrafiltration of BP effluent

Case A (unlikely): ','
no Georgia Consortium funding

· RAC approved $50k co-funding for
FY00 .

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

®Post doc identified.

®Pilot unit will be moved to IPST.
..........

IILSTG_l_ldt.n_-'l l_4Qi(m - 1_,4fi,r p. 14k'di_'lot...

(l_,rI_-r Mt.mI_r C..... _, inl_rnillU_. O_- P.PI'.... II_a_._'I PAC._lWi41t W,p_. 414

Ultrafiltration of BP effluent

Case B (likely)'
Georgia Consortium funding

®No IPST money needed.

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

· Status- a cautious OK for this proposal

II._TCt._tid_alidlim_lnmd_m- Iq_ f,,rpub&-dbwl._n.

(_,, ,*T m,.m_._C,.,. _,._ a._.,._ t_ O.h,- P. m..... r._.,_,._. PhC '_'_G w' I_ ' 4S
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.............. IIiiiiiiiiiii Iiiiiiii I iiii
m m ..... m m

F028

Black Liquor Gasification

Kristiina lisa

Qun Jing

, Scott Sinquefield

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

, , ,

F028 Black Liquor Gasification

® Objective'
,,,-,todetermine kinetics of inorganics (Na, K,

CI) transformations during black liquor
gasification (FY98-99)

® Incentive'

,...improvedgasifier 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

® FY 1999 goals:
,-complete atmosphericgasification experiments'

- C02, H20

,- first pressurized experiments
- feasibility of feeding black liquor

- reproducibility, material balance closure

® Status'

,-atmospheric study of impact of CO2complete
,,*40% of atmospheric experiments of impact of H20

' complete
,-pressurized gasifier testing on-going

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

F028 Black Liquor Gasification -
Related DOE project

® "Fundamental Study of Black Liquor
Gasification Kinetics Using A
Pressurized Entrained-Flow Reactor"
,,,-withAir Products and NREL

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

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

IPST Confidential lnfonnation- Not for Public Disclosure (For IPST Member Companies' Internal Use Only)
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F028 Black Liquor Gasification
II IIIIIIIII I IIIIIIIII II II UlIIII I. 1.11.[11I1|1 III

i i iiii iii illlll iii

® 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 [PST Member Companies' Internal Use Only)

, , , J. , , , , , ,

Atmospheric Experiments of
iii iii

® experiments in a laminar entrained-flow
reactor

® effect of temperature' 700-1100 °C

® effect of CO2 concentration' 0-20%

® effect of H20 concentration' 0-20%
® effect of residence time' 0.6-1.4 s s

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

Primary gas and
particle feed

Furnace

Secondarygas Gasto analyzers
Quenchgas

particles < 3 pm
Particles > 3um

IPST Confidential Infonnation- Not for Public Disclosure (For IPST Member Companies' hltemal Use Only)

,,.....

Composition of Black Liquor

C 33.24% Na 19.00%

H 3.00% K 1.71%

0 35.81% S 4.40%

N 0.25% CI 0.43%

IPST Confidential Infonnation- Not for Public Disclosure (For IPST Member Companies' Internal Use Only)
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................... HIIIIIIIIIIIIIIIIIIIIIII ....
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CO 2 Gasification

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

,,....

Vaporization of Na strongly depends on
temperature

.....................................................................................

ii ,i i

40% ...............................
...................

-o · 0.6s· 30%, ·
·=-- · 1.Os
o 20%O,.

z_1.4s
B

10% !
z e ,

0% ........................-! a _-....................... :
500 700 900 1100 1300 i

Temperature, °C
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_

IPST Confidential lnfbnnadoq - Not fol' Public Disclosure (For IPST Member Companies' Internal Usc Only)
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Vaporization of K also a strong
function of temperature

60% .......................................................

'o · 0.6s 1

· 40% ': ,_.N,_ · 1.Os
0 I
o. ' a 1.4s_ n
:_ 20% 'i _'

!

o%, 8 8.... j ---q--

500 700 900 1100 1300

Temperature, °C
.........................................

IPST Confidential Information - Not for Public Disclosure (For IPSTMember Co,npanies' InternalUse Only)

K enrichment factor decreases

with T in the range 900-1100°C

t=.

o 2.5 ..............................................................................
o a

m 2 i ·._ . ·0.6s
c 15:
e · ml.Osi

.c ', al.4s
o 0.5 J·.""' ............ I

'-c : I

'"' 500 700 900 11O0 1300 i
,.

Temperature, °C
..

IPST Confidential Information - Not for Public Disclosure (ForIPST Member Companies' Internal Use Only)
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CO2 suppresses Na and K
volatilization

IIIII I III ........ '". ..... .'.'".'.L:'_.'._'.-_..... .'..... .JIIIJlllllllllJll.llllll_. . ' . ' _ ·ii iii iiiii

.........................

80%
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'_ _ t _ A '"40%

; 20% _: _ _ ,
z 0% _ - , , ,, ,

0 5 10 15 20 251
I

CO2 content, % ._~1

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

CI in fume highest at 1000-1100°C
[ . - .... .---. iiiiiiiiiiiii1.11[......... - -. ' .................

i i iii ii iiiii i ii i
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IPST Confidential Information - Not for Public Disclosure (For IPST M_nber Companies' Internal Use Only)
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Conversion of NaCIIKCI to HCI

important at long residence times
, ,i ................i Ill Illllllll II IIIIIIIIIIIIIIllII IIIIII Illll

I I ' ' I ii _ i i i i iii iii iii i i Ii IIIII1,,11 Ii II Ii

1.00%
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o 80% · 1100°C= ·cr A
'_ 60% a, 1000°C A
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E
= · 700°C I
,,.. 20% I 1
.=_

0% _ , · e ·
0 0.5 1 1.5

: Residence time, s
i

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

CI Enrichment Factor decreases with T

in the range 900-1100°C
,,,,, ,,lll,, ,,, III IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII............_ III.... ..... _ --_-'-' _- .... '.................

i iii iii i iii ii i i iii iiiii iiiii i iiiii i i i
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IPSTConfidentialInfbnnation- Not for PublicDisclosure(For IPSTMemberCompanies'InternalUseOnly)
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CI Enrichment Factor increases with t at
900°C but decreases with t at 1000-1100°C

_JUIIJ..... '..... : "_.' '.¥_. '.' ...... [IllUllUlI.'.'.......UIAILIUII.I..........IIJI[U........ " _........ ' ...' ............. . ......
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IPST Confidential Information - Not forPublic Disclosure (For IPST Member Companies' InternalUsc Only)

CO 2 affects CI in fume but relationship
complex

I[
i i.i i i
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IPSTConfidentialhff'ormation- Not for PublicDisclosure (ForIPSTMemberCompanies'InternalUscOnly)
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CI enrichment factor usually increases
with CO 2 content

i i ii iiiiiiii iiiiiiiiiiiiiiiiiiiiiiiiiiiiii1[11111111.... iiiiiiiJ ...TEE- _ ............................................
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IPST Confidential lnfonnation- Not for Public Disclosure (For IPST Member Companies' Internal Use Only)

iiii .......i _ iii iiiii iiiiiiii
ii i i iiii iiiii ii i i i iiiii i

H20 Gasification

II)ST Confidential Intbnnation - Not tbr Public Disclosure (Fol' IPST Member Companies' Internal Use Only)
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Fume yield increases as residence
time and temperature increased

III .
ii ,1111,,,
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IPST Confidential lnfonnation- Not for Public Disclosure (For IPST Member Companies' hltemai Use Only)

, ,

A maximum in fume yield as a
function of H20 content
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IPST Confidential lnf'onnation - Not for Public Disclosure (For IPST Member Companies' Internal Use Only)



88

CONCLUSIONS
iiiii ii I I I IIIIIIIIIIIIIII III IIIII IIII IIIIII...... L_.' ................................................

--- iii i ii iiii i i i i ii iiii

® Na/K vaporization suppressed by CO2
,-less fume during gasification than during

combustion

® K enrichment factors higher than during
combustion
,-fume better source of K removal in

gasification than in combustion
® possible to concentrate all CI into fume or gas

. phase
,-options for CI purge.
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F028 Black Liquor Gasification -
Plan for March gO-September go

............................................................
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i i iiii i iii i i iiii iiii i i iii ii i

® atmospheric

,-complete study of impact of H20 on Na, K,
CI

,-fate of S during H20 gasification
® pressurized

,-establish reproducibility,material balance
closure

,-,gas phase major (C,H) and minor species
(S compounds, NOx, tars)

,-establish qualitative fume collection
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By Wolfgang Schmidl
and Jim Frederick
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Background
_1 I IIIII IIIIIIIIIIiiiiiiiiiiiiiii................................

. To reduction of water use in pulp and paper
mills, we must recycle water
-_ evaporator condensate,

·-* bleach plant filtrates
·-* whitewater

. With recycle, inorganic and organic materials
accumulate

· They can interfere with process operation _
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Metal ions interact with other s '
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