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This Project Builds On A Previous Project

¢ The previous proiect addressed refractory structural materials
for higb -temperaure black liquor gasifiers

¢ As rart of the yrevinus project several test systems were built
— Smeliimmrersio test system
- Rotary re.racto'y test furnace

*» Exrosed refractory samples from several high-temperature
gesifiers were examined

¢ Projec’. was cc mpleted September 30, 2003

04067 ,* ITP

P
-



-
Imuroved Materials For High-Temperature Black Liquor Gasification

Goals. Develop better refractories and other .

structure| components for use under current o |
iFi . e team 400 2

and future gasification conditions o 15400

Air

Challenge: Th': gas'fier’s refre ctory lining and
liquor spray nozzle of the gasiier historically
have had uraccer cably short .ifetim 2s. More
degradatio 1-resis.tant riateric Is are needed

Benefits. Implr.mentz tion o combined cycle cooins « —> B )

black lijuor gr.sificat'on is p ojecte i to offer [1

up to 6.5 bi'.ion in ;umula.ive energy cost VY

savi'igs anc a sign'ficant r :ductiori in gaseous |

em.ssions |n adcition, uf to 156 pillion kWh > o

o’ distribi.ted ene gy cou'd be prcduced 3roon Liguor

FYO05 A ctivities : Examirie exposed Participants. Weyerl aeuser ~ompan
refractories; ccatinue la yoratory (ests of Chemrec AB, Monofra.” Refrac.ories,

refrar.tories, ¢ ynduct te sts of pofential liquor ANH Refractoiies, Corf.art Refre ctories
noz e mater als, refini: models of gasifiers  Process Simul:tions Lin.ited, Sim.ulent,

an‘i liquor nozzles Inc,. University »f Missou.i-Rolla
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mproved Materials For High-Temperature Black Liquor Gasificatior

Barrier-Pathway Approach

Barriers ‘

¢ Degradatio’ of X
gasifier's refrac’ory
lining by react'on wita
molten alkali salts

¢ Decradaticn by
we.ar/corrosion ¢ f
Fiack licdor noz zles
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Pathways ‘

Char:cterize

envirnment through
mod:ling of gasifier

vess 2l and nozzle
Eva uation

refriictories exposed
in Figh-temperature

gas ifiers

Ccnduct laboratory
tes ts of refractories

E' aluate wear-
re sistant materials
fcr spray nozzles

Critical Metrics

% Refre ctory lifetime is
I1creased b+ at least a
fector cftwo

“* New ma.crials allow
nozzle lifetime tc be
increased 1om a \sw
montns to a. least t velve
months

s 50% canacity 1 crease

Swiich to conbined ~ycle
blaci” liquor gasificaticn
coula result in reduction of
emiss‘ons and more
efficient power | roductio,

£



Main Components Of Gasifier Installed At New Bern

Product Gas to No. 2 Power Boiler

a8 GPM 20,300 EIFM
27QF 70% DY 105°F

Atomizing Steam 3 Freswmiw  aer

Black Liquor

Secondary Air Wash 825
b

Steal

= |_ *
t -LA

- [isensate
bump
B

NO@2 Power Boiler

Venturi \
I . Birner No. 1
- .

> Eerner No. 2
Quench

C irlg:ulation Venturi Circulation B
unp to Quend

LVHC

No. 6 oil
18 GPM

En Liquor

l—-»160 GPM 202 °F
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History Of Commercial Black Liquor Gasifier
Constructed At Mill In New Bern, NC

** Project Release June 2L, 1995

% Start construct.on Nove mbe: 1995
¢ Firot Preduct 'un C=cen ber 1996
“* Taken out o’ Service (Shell Failure) Desemb-=r 1949

<" Fina' Decision to Rebuild gasifier Aprir 2002

\/
0‘0
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Original Fused Cast Alumina Lining Replaced The
60% Alumina Brick That Degraded Rapidly

= 150mm (~6") a4 (3 fusi'd cast aluiiina

= 1/64" mica s 1eet
= 150mm (+'6") B ‘'used (ast al.\mina
= 2x1/6 1" mici.' sheet
= 3/"” fiber blanke\

= 1/8" insulatin¢ board
= 3/8 " 316L S*ainless Steel
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Core Samples Of The Fused Cast Alumina

Lining Were Removed For Inspection
Backup Lining: Jargal H

Working Lining: Jargal M

< Na\lO, found o1 hot f.ce
% Inc ‘eased Na content fo ind at
bac < of the workin?j lining and

fron: of backup liniivg
< No NaAlO, detected 'n back.p

r
4
=
+—
<
>
=
>
@)

lining

Distance Ffom Hot Face (mm)
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Observed Microstructural Changes Resulted
From Reaction With Sodium

~50% Conve sion t NaAI )y
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When A Crack Was Found In The Gasifier Shell
Several Sections Were Removed and Inspected

Dy 2 pen :trant tests showed
- | ma1y cra~ks in he vertical

|4
¢ dire stion
--’ d

Through-wall crack on the shell w1s
first indication seen by mill personi el
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Root Causes of Fallure Were Identified

“ Mill water used during installation likely contained chlorides which
contaminatzd mate-ials adjacent to the shell

“* Water co’idersed on the inside of the shel du’ing start 'ups and
shut do'vns 7.ind cissolved the chloride:s

< Cycling of the urit concentrated the ct lorides on the chell curface

“* The chem.cal expans.ion of the refractory lin ng ceusec high tensile
hor,p stre:ss in the shiell

“* The presence of terisile stress and aquzous ¢ olution of chlorides
cause 4 Stre;s Corrosion Cracking (SC(2) in th e 316.. shel,

“» Tensile stress introduced during operati>n caused some of \he
crar.ks to ¢row through the shell

*+ Arove mr:chanis'n repeatedly occurred until the pressur-e
vassel feliled
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New Bern Gasifier Restoration Project

New Refractory’Shell S:istem Design
¢ Herispherice | Dome

*» Carbon steel ‘efractory containmant which
Is r.ot suscept ble t¢: CI-\LCC

+» Crishable me al foam us=d between
re ractory and shell

*» Fused cast aluinina working' lining over
h'gh alumina be ckup I'ning
¢ Expansion allonance t>r grovth of

r2fractory basea on daia collected at.er
one year of oper ation
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Strain Monitoring System Assesses Shell Deformation

Inspection _
Strain gauges

Orifices E e
\0_ i@ ' /tension loafl

Inspection

Orifices

ernier
and LVDTJ

Sgain gauges
Dop stress

gitrain gauges
bending load

Insgection
Ogffices
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| Strajh gauges
e hooff stress

¢ Strain gauges mounted at
two elevations an the barrel,
in the bottoim cone and at
the top of the don e

< Wires with Vernier vcales
and L.VDTs mo.intea on
two e evations 0. the varrel

“* nspection orifices (with
plugs) >n the barre’ and
come



Typical LVDT Data Analysis

Upper Upper Stainless Wire

— Shell Temp \

Das Reading

% Foam expansion is computed from shell stress
s Shell stress ‘s det xrrmine d from LVDT data
after « orrecti )ns he ve to . e appi ed for:

— T ermal € pansicn of wir »

— Tt ermal e; pansiol of shel.

Temperature (F)

LVDT da'.a tracker well witt
shell te’nperature at startu )

™y
zffect of sl.ell loadin¢ can 8
be seen ~
2.55E+00
. . . 2.50E+00
= Y
BEVAIIN n|ght_t|r_r 5 P E— ors0:
temper lture Vanat' ns —— Wire Temperatf AM " AM

Das Reading Time
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Upper gtainless Wire

- UppeffStrain Ggfige # 211
& Upglr Strain G huge # 21
X Lgifler Stainiglfls Wire 1/19/04
@ Fer Straig auge # 3 N24.6 PMO

B4 ower Strofh Gauge # 11
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N242.
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Radial Expansion of Refractory (mm)
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Progress To Date
¢ This project builds on ‘a recently completied jroject on
gasifier rnate.ials
*» Exposdres of test refractories in molten sraelt nave continued

*» Fou. refriictorizs exnosed in the New Bern gasit'er heve
bean examine.d

% 3asec on ar.alysis results, a refractory recorimendation has
been made

** A system nas be 2n built for testing wear-resis‘ant nozzle materials

s Subcont acts he ve been placed for gasifier and nozzle modeiing
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A Laboratory Test Facility Permits Exposure Of
Refractory And Metallic Samples To Molten Salts
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L
Many Types Of Refractories Have Been Tested

s Commercielly evailable refractories

s Expr.rime ntal or de:velopmental refraciorie: from
coramercial supples

s F-xper'mental ref actories produced by subcontractors
“» Exp 2rimeital reiractories developed in o ir laboratory

s Commercial re ractories with commercial and
€. xperinmental c;oatings

Based on resiilts of immersion tests, three te st refrastories
we'e reconimended for exposure in the rek uilt gas'fier
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The New Bern Gasifier Was Inspected In Mid-
January After 6%2 Months Of Operation

ey - 1
- v
|
- i ;

Ref actory lining near bottom of barrel portion of gasifier vessel. Note red lines indic.ting
apparent cracks on most blocks except for two in the second row (uppe r right).

04067 ,* ITP ¢



Core-Drilled Samples Were Collected From The
Primary Refractory And Three Test Materials

dissolving water-soluble corrosion products.
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Cross-Sections Of The Core-Drilled Samples
Revealed Significant Differences

Fusion-cas* alumina
refrac ‘ory

Fu.ion-ca:t
mag nesia-a'umina
refra >tory

S Alterna ¢ fusion sast
alumina -efractor

Bonded magesia-
alt mina refractory
~ (ou'lined at let )
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The Electron Microprobe Provided Elemental
Maps Of The Core-Drilled Refractory Samples

v -

-

Na Al --

Overlaid elemental maps of sodium, sulfur and aluminum for the fusion o/ 3 refractory
(upper) and a fusion-cast magnesia-alumina spinel (lower).

040623 ITP 22




Conclusions From Examination Of Core-Drilled
Refractory Samples

“ The fusion-c st 0/B-a'umir a showecd' less: spalling than any
refractury previously used for the vessel I'ning

“ Cracking 'was ¢.vident thrcough about the fiist half of the fusion-
cas( a/[3-alumina br cks tliat were exe mine

“* The fusion-c ast magnesia-alumina sp nel s owea less ~racking
and pznetretion of sodiu n than the fusion-cast a/[:-alum.na

% The altern ate fus on-cast a/f-alumina ind the: bondid magnesia-
alt.mina fricks re:acted nore extensive y

04067 ,* ITP 22



Current Black Liquor Injection Nozzle Mixes
Steam And Liquor But Exit End Of Holes In
Nozzle Suffer Significant Wastage

Cross section of black liquor nozzle Delivery end of nozzle showing wastage
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The New Nozzle Allows Insertion Of
Wear-Resistant Test Materials

Inserts of various wear-resistant ceramic and metallic materials are being fabricated
and will be tested in this system

040623 ITP 28



L
Modeling Studies Of Gasifier Components Are Planned

*» A subcontract nas oeen plazed with simulent Incorporated for
modelinr, of the black 'iquo’ nozzle

¢ A sub.ontrict hiis bean pliaced with Frocess Simulaivons .« .imited
for CrD m.odelig of fluid fiow in the gasifier

¢ Brith suhcontracts ere receiving matching funds from tha Canadian
qoverrment

“» Ther nochemical rnodelir. g will be cond icted at ORN\ to st 1dy
inte;actions betwr:en the refractories ani the gasifier 2nviror ment
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Future Plans

% Smelt immersion testing of various refractories will continue

— Primary candidates — address orientation effects &
microstru ctur:al eflects

— Su face-trea.ed rafractories
— Cther ilterr.ate raaterials

* Reafractory sr.hedu.ed to be removed from the gasifier in
septe.nber will be analyzed

— P'imary lining
— . hree ‘est msterials

s+ Tests of wear-r 2sistant nozzle materials will be conducted

<~ Model.ng of gisifier components will be continued
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Commercilalization Plans

¢ Close cocpere.tion is continuing with the desiynel /devloper of the
high-temr.pere ture gasiiicati >n process used in the New Bern gasifier

*» Refra.tory materials dentiiied in the ORNL-led studizs are likely to
be vsed iri the scale J-up ¢ ystem being buil in Pitea, tweden

*» A pater ¢ appl.catior, has hheen submitted for a coaiing pr1ocess that
orovid:zs increasec lifetin e of refractory bricks in molten alkali salts

+ A pe.tent anplication has been drafted for use »f the 1 1sion-cast
meJnesia-alumina spinel in black liquor gasifiers
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