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Thvpical Kraft Recoverv Chcle

Introduction

The recovery bo ler prov des tkree cnt cal
functions n pulp and paper m | aperat on (1)
recovery of pulp ng chemicas (2) disposa of
waste from the pu p ng process, (3) production
of steam for e ectrica power generat on and
process use These funct ons are crit cal to
the econom cs of the Kraft pu p ng process
through reductions n the costs of chem ca
make up, process waste disposal electncal
power and fue for steam generat on Because
of the h ghy ~tegrated a~d rteract ng nature
of Kraft pulping and recovery operations,
minor var ations n parts of the process can be
propagated and amp f ed throughout the m
Consequent y favorable econom cs can be
qu ck y changed to unfavorab e econom cs by
neffect ve process contro

To stabi ze chem ca recovery and steam
generat on by Kraft black | quor recovery
bo lers, t s necessary to compensate for nor
ma var at ons in black quor so ds content
and composit on, and normal vanations n
combust on a r temperature, pressure and
humidity Convent onal recovery bo er contro
strateg es do not effectively prov de th's com
pensation However, the advanced control
strategy presented n th ¢ appl cat on gu de for
Babcock a~d W cox (B&W) recovery bo ers
takes advantages of the unique features of the
Ba ley NETWORK 90 m ¢-oprocessor based
d str buted contro system to automatca y
compensate for these variat ons, s mp fy
operat on of the recovery bo er, and mprove
its operat ona safety

Bailey Controls

Babcock & Wilcox, a McDermett ¢ mpary
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Summary of Advanced Control
Benefits

Apphcat on of the Ba ley NETWORK 90
recovery boiller advanced fue/ar contro w | resut
n the fo ow ng benef ts

Stab i zed recovery bo er operat on

limproved vor-bust o~ e** c e~cy —ax ™z g
steam product on per pound of b ack quor

so ds fred Ths wi mn m ze the h gh cost of
operat ng power boi ers to sat sfy process
demands, and can resut n an annua sav ngs
of as much as $70/TPD of rated capacity for
each percentage reduct on n f uegas oxygen
concentrat on

ncreased and stab zed reduct on eff ¢ ency
Thsw resut nstab iz ng the re at ve con
centration of sod um su f de n the green quor

e Less auxy ary o frng for bed stab ty at
reduced b ack ! quor f ring

e M nmzed su fur loss n stack emssons Ths
w contr bute towards m n m z 1g t~e suifur
and/or salt cake make up for the Kraft recovery
cyce

¢ M n m zed operator ntervention dur ng process
upsets

» Er-a-ced -ecovery bc e- operat ora safety

Process Description

A typ ca Kraft chem ca recovery cyce s
shown schemat ca y n FIGURE 1 Th s d agram
ustrates the re at onsh p and mportance of the
recovery bo er n the chem ca and heat ba ances
of atypca pulpm

Wood ch ps are converted to ptp n ether
cont nuous or batch digesters us ng caust ¢ wh te
quor and steam to ‘cook’ the ch ps The whte

quor reacts w th and d sso ves the var ous
organ c gn ns from the wood ch ps produc ng
weak b ack iquor The weak b ack quor s wash
ed from the ce u ose pup concertrated to form
heavy b ack hquor and sent to the recovery bo er

as fue In the furnace of the recovery bo er, the
gn ns from the b ack quor are burned to
generate steam and the spent pup ng chemcas
are reduced to form a mo ten sat smet The
smet s dissolved n weak wash water from the
recaust ¢ z ng area to form green quor The green
iquor s then recaust ¢ zed produc ng white quor
for the pulp cook ng, thus comp eting the
chem ca recovery cyc e

T-e w- te quor used to cook wood ch psis a
water so ution of sodium hydroxide (NaOH) and
sod um sulf de (Na,S) After d gest ng the wood
ch ps the | quor consists of sod um carbonate
{Na,CO3) sod um su fate (Na,S0,) and var ous
organ ¢ t gnins removed from the wood In the
recovery bo er, the organ ¢ mater als are burned,
form ng a h gh temperature reduc ng atmosphere
where sodium su fate (Na,SO,} 1s converted to
sod um sulf de (Na,S) Sod um carbonate passes
through the recovery furnace unchanged but is
ater converted to sod um hydroxide (NaOH) when
the gree~ | quor is recaust ¢ zed wrth the add t on
of hydrated me (Ca(OH),

At the recovery bo er heavy b ack quor
(63 66% so ds) s heated for v scos ty control and
sprayed nto the recovery furnace The quor s
sprayed on to the s de wa s of the furnace where
water and the more vo at e hydrocarbons
vapor ze the rema n ng char f akes off the wa
and fa s to the floor of the the furnace The
vo at e hydrocarbons and some of the quor
so ds burn n the hot combust on gas suspens on,
but most of the so ds b.rn n a ayer of char on
top of the sme t bed at the floor of the recovery
furnace

The ar used for combust on of the black quor
s preheated and fed nto the recovery furnace
through three separate y controiled zones Primary
air enters the furnace near the sme t bed to sup
port combust on of the quor so ds Prmary ar s
45 55% of the ar requ red for tota combust on of
the quor sol ds th s creates a chem ca y reduc
ng atmosphere for convert ng sod um su fate to
sod um sulf de Secondary Air s used to tr m the
top of the char bed ard prov de more prec se con
tro of hydro ys s (dry ng of the b ack quor
so ds) Tertiary air s added tangenta y n the
upper reg ons of the furnace to burn the vo at e
hydrocarbons and to prov de the turbu ent gas
f ow requ red r the steam generator bank for eff
c ent hzat transfer
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Effect ve chem ca recovery and eff c ent steam
product on depend on proper control of these air
flows If too much secondary and/or tert ary air s
used for a spec f ¢ b ack quor frng rate the
excess ar acts as a heat sink and carrnies heat
out the recovery boi er stack rather than produces
steam f too much primary ar s used for the
b ack | quor fr ng rate, the sulfide reduct on reac-
tion in the smelt bed will be inhibited and
recovery of the pu ping chemcas w not be
max m zed

The required airflows are a function of the

so ds content of the b ack quor, as wel as the
b ack quor fring rate For examae, quor have a
63% so ds contentw requre ess ar for com
bustion than hiquor with a 66% sahids content
s nce the fue heat ng value of the weaker quor
s ower (more water) Further, the compos t on of
the b ack quor so ds varies w th the spec es of
wood d gested and the strength of the wh te

quor used to d gest the wood These compos t on
var at ons have a s gn f cant effect on the
sto ch ometr ¢ a r requirements for each pound of
black | quor sol ds {dry basis) f red and are the
major d sturbances wh ch must be compensated
for to stab ze operat on of the recovery bo er

With respect to steam product on measure
ment of the excess oxygen concentrat on n the
recovery furnace f uegas prov des an nd cat on of
how effectively the secondary and/or tert ary
a rf ow 1s be ng control ed H gher eve s of excess
oxygen n the f uegas nd cate that too much
secondary and/or tertiary ar s being added and
the correspond ng n trogen s carry ng heat out
w th the f uegas rather than generating steam

W th respect to chem ca recovery measure
ment of the carbon monox de (CO) concentration
n the recovery furnace f uegas prov des an
nd cat on of how effect ve y the prmary ar s
be ng contro ed The pr mary chem cal recovery
react on n the recovery furnace s the conversion
of sod um suifate to sod um su f de n the char
bed

Na,50, + 2C —> Na,5 + 2COQ,
Th s react on requires the h gh-temperature

reduc ng atmosphere generated by ncomp ete
combust on of the black liquor solids.

f too much pr mary a r (s added, undestrable
react ons consume both the carbon crt ca to the
recovery react on and the requ red products of the
recovery reaction

2C + 0, > 2CO
Na,§ + 20, > Na,SO,
Na,S + 4C0O, > Na,C0; + 3CO + SO,

These react ons produce a measurab e
ncrease in the fluegas CO concentration and
su fur stack em ss ons, as we as a decrease n
sme t sufdty The combust on of sodium su f de
to sod um su fate a so ncreases the bed
temperature and causes excessive smelt run off

The ncreased f uegas CO concentrat on caus
ed by excess ve pr mary arf ow can beeas y
masked by changes n the secondary and/or
tert ary combustion ar f ow(s) Conversey, a
decrease n secondary or tert ary a r can produce
an ncrease n f uegas CO concentrat on However,
for stab e secondary a rflow, tert ary a rflow and
b ack quor compos t on/feedrate an ncrease n
the f uegas CO concantrat on can be nterpreted
as an nd cat on of too much oxygen near the
char bed

Conventional Control Strategy

The convent ona contro strategy for B&W
recovery boi er contrd> s shown in FIGURE 2 and
s princ pa y a base regu atory contro system
(s ng e e ement pressure, temperature and f ow
contro ers) Some m | s have added contro for the
rat o of pr mary and/or secondary a r f ow(s) to
b ack quor feedrate The conventiona contro
strategy can prov de stab e steam generat on and
chem ca recovery only fthe b ack quor soids
content/composit on/rate and combuston ar
temperature/pressure/hum d ty remain stab e for
extended per ods of t me Because of the hghy
nteract ve nature of the var ous e ements n the
pu p ng/recovery process, th s stab ty s an
extremely rare circumstance
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Advanced Control Strategy

The advanced recovery bo ler fuel/air control
strategy presented n ths app catongude s
shown schemat ca y n FIGURE 3. Th s strategy
rel es on NETWORK 90 contro er modu e nter
commun cat on and computat ona capab tes to
prov de contro features previous y ava lab e only
w th expensive centra zed process computers
The spec f ¢ features of the advanced contro
strategy are

Automat c control of LIQUOR SOL DS feedrate
to the recovery bo er The 1quor vo umetr ¢

f owrate s automat cally modu ated to compen
sate for var at ons in the sol ds content of the

b ack quor

Automatic control of TOTAL A R/LIQUOR
SOLIDS and PR MARY AIR/L QUOR SOL DS
rat os The TOTAL A R and PRIMARY A R
feedrates to the recovery bo er are automat ¢
al y var ed to compensate for varatons n
LIQUOR SOLIDS feedrate

Automatic control of SECONDARY
A R/PR MARY A Rrato

Automat ¢ contro of the combust on a r duct
pressure Th s ndirect y controls the f ow of
TERTIARY AR

e Automatic adjustment of the TOTAL AIR/
L QUOR SOL DS rat o to m n m ze the excess
oxygen concentrat on in the recavery furnace
f uegas and to prov de a coarse adjustment for
f uegas carbon monox de concentrat on

* Automat ¢ adjustment of the PR MARY AIR/
L QUOR SOLIDS ratio to stab ze the carbon
monox de concentration n the recovery furnace
f uegas

¢ Automat c computation of the recovery bo ler
combust on performance index (LB STEAM/LB
L QUOR SOLIDS) Th s parameter s ava abe
for ogging and trend na

¢ Automat ¢ compensat on for aux ary fue
frng

« Automat ¢ bed b ackout pred cton

* Faut tolerance of the advanced control func
t ons for oss of any process measurement
s gna

These features are prov ded by “cascade” con
tro lers wh ch send remote setpo nts to the base
regu atory contro ers (f ow, temperature and/or
pressure) Wth a the base contro ers n the
CASCADE mode, the operator can change
recovery boy er load by simply chang ng the
L QUOR SOL DS setpoint, or change aux ary fr
ng s mp y by changing the fue fow setpoint The
varous arf ows w aulomat ca y change to
m n m ze excess oxygen and stabi ze the carbon
monox de concentrat on n the f uegas

Black Liquor Control

Referr ng to FIGURE 3, the advanced recovery
bo er fue /air contro strategy provides a stab e
massrate of b ack L QUOR SOL DS to the recovery
bo er through F C4B This s part cu ary mpor
tant to maintain ng a constant heat re ease for
stab e recovery bo er steam generat on and a con
stant chem cal recovery rate for stab e green
quor product on {(quant ty and quakty)

The black | quor vo umetr ¢ feedrate (FT 4) s
automat cally adjusted to compensate for var a-
tons n b ack hquor so ds concentrat on The
advanced strategy ut iives an on-line concentra
tion sensor (DT-4), suct as the process refrac
tometer genera y prov ded for record ng black

quor so ids concentrat on n the event that DT 4
sudden y becomes unava able for closed oop
control, the advanced controller automat cal y and
bumpless y reverts to vo umetr ¢ feedrate control
by FIC 4A f the primay f ow stgna (FT-4) s ost,
FIC-4A automatica y switches tself to MANUAL
mode

Total Air Control

The advanced recovery boi er fue /air contro
strategy prov des a stabie heat re ease (per pound
of b ack ! quor sohds) lor stable steam production
The rat o of tota combustion ar (mass bas s) to
b ack 1 quor sol ds (dry bas s), TOTAL A R/L QUOR
SOLIDS, s contro ed by RIC 1 to qu ckly compen-
sate (feedforward) for var at ons in the b ack 1 quor
sol ds content R C 1 prov des the remote setpo nt
to F C 1, wh ch adjusts the tert ary a r damper
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The TOTAL A R/L QUOR SOLIDS rato s
automat ca y adjusted (wthn mts) by AC1A to
ma nta n a spec f ed target for f uegas oxygen
concentration, this compensates for vanat ons n
the sto ch ometr ¢ combust on a r requ rements of
the b ack quor and m n m zes the heat oss from
excess ve n trogen n the f uegas To ensure ade
quate turbu ence for eff ¢ ent heat transfer to the
steam generat ng bank, the excess oxygen target
s programmed as a funct on of f rng rate to a ow
h gher oxygen concentrat ons at ower f r ng rates
thereby prov d ng more combust on a r and cor
respond ng y h gher f uegas f ows at reduced
frng Further, f the f uegas CO concentraton s
too high (above 400 PPM) the TOTAL AIR/LIQUOR
SOLIDS rat o s automatica y ncreased s ghty
by AC 1B unt the CO concentraiton s wthn
range for contro by A C 3 through adjustment of
the PRIMARY AIR/LIQUOR SOLIDS rat o

The tota ar voumetrc fow (FT 1) s compen
sated for temperature (TT-1) dur rg ca cu at on of
the tota ar massrate by FC1 { thigs temperature
s gna sudden y becomes unava lab e for use n
the cacuaton RC 1 uses a prevousy vald vaue
until the signal can be restored f the black liquor
so ds target becomes unava ab e for use n the
rat o ca cu at on contro automat caly and
bump ess y reverts from rat o contro by RC 1 to
TOTAL AIR volumetr ¢ flow control by FIC-1 If the
f uegas oxygen concentrat on s gna (AT-7A)
becomes unava lab e to the advanced contro
system the oxygen contro er (A C7A) s
automat ca y and bump ess y sw tched to
MANUAL mode w th the setpo nt for FIC 1 held at
ts ast va d vaue f the f uegas CO concentra
tion signal (AT 7B) becomes unavailable, the bias
ng act on from AC 1B s frozen unti the sgna s
restored

Primary Air Control

The advanced recovery bo er fue /ar contro
strategy prov des a stab e reduc ng env ronment
for chem ca recovery The rat o of pr mary com
bust on ar (mass bas s) to b ack auor so ds (dry
basis) 1s controlled by RIC 3 to quickly compen-
sate (feedforward) for var at ons n the b ack quor
so ds content Thsrato s automatca y
adjusted (wthn mts) by AC3 1o mantan a set
concentration of CO in the recovery furnace
f uegas

The measured pr mary ar vo umetr c f ow
(FT-3) s compensated for temperature (TT 1) dur
ng ca cu at on of the pr mary a r massrate by
RIC 3 If this temperature signal suddenly
becomes unava lab e for use n the ca cu at on,

R C3 uses a prevous y va d va ue unt] the sgna
can be restored f the black quor so ds target
becomes unava lable for use n the rat o calcu a

t on, contro automat ca y and bump ess y reverts
from rat o contro by RC 3 to prmary arvou
matric f ow contro by FC3 fthe f Legas CO
concentrat on s gna (AT 7B) becomes unava able
the CO control er (A C 3) s automat ca y and
bump ess y sw tched to MANUAL mode with the
setpoint for RIC-3 held at its ast valid value

Secondary Air Control

The secondary ar f ow is contro ed by RC 2
to ma nta n a constant SECONDARY AIR/
PR MARY AR rato Thsrato setpont stypca y
50% f the PRIMARY A R volumetr ¢ f owrate
s gnal {FT 3) becomes unava ab e for use n the
rat o calcu at on contro automat ca y and
bumplessly reverts from ratio control by RIC 2 to
SECONDARY AIR vo umetr ¢ flow control by F C 2

Draft Control

The n et vanes to the forced draft combust on
ar fan are modu ated to ma nta n a constant duct
pressure n the combust on ar header for the
recovery furnace The setpo nt for PIC 1 1s
se ected to prov de the requ red pr mary, secon
dary and tertiary atrflows

Compensation for Auxiliary Firing

The advanced cortrol ers cont nuous y mon tor
the aux ary frng fue fow (FT-5) and provde a
feedforward adjustment of both the TOTAL AlR/
L QUOR SOL DS rat o and the PR MARY A R/

L QUOR SOL DS rat o to compensate for changes
Th s ad,ustment is based on the sto ch ometrc
caombustion air requirements for the auxiliary fuel
The f uegas oxygen and carbon monox de trm
contro ers prov de any add t ona adjustment
necessary n these rat os to stab ze chem ca
recovery and mimmize heat losses



Bed Blackout Prediction

The advanced b ack quor contro er (F C 4B)
cont nuous y calculates a quor combustion per
formance index (LCP , pounds of steam per pound
of b ack quor so ds) The calculaiion determ nes
boiler steam flow from FT 6 and PT-6, and d vides
it by the 1quor so ds fring rate Any steam
generated by auxil ary f ring (FT 8) 1s subtracted
from the total steam flow before the LCP s
cacu ated The .CPI car be ogged to doc.ment
the performance of the recovery boi er as a steam
generator and quant fy mprovements over
previous recovery boi er contro strateg es

€
3
ATH [ [ - -
The LCP can a so be trended as a conttnuous F H ED [RAFT @ i C
ind cator of recovery boller performance An e |
abrupt decrease n the LCP! can be used as an
ear y warning of mpend ng bed b ackout The
advanced controfler mon tors the LCP{ for an
abrupt, signif cant decrease n the LCPI and
automat ca ly takes control action to reduce the
potert al of a» actual bed b acko.t The contro!
action generally uti zed for avo d rg bed b ackout FIGURE 2
s to increase the temperature setpo nt for the
b ack liquor ne heater temperature contro ler
(TIC 4) and to prevent the oxygen sontroller
(A C 1A) from reduc ng the TOTAL A R/L QUOR
SOL DS rato

Come

Fault Tolerances

There s extensive nteract on between the
var ous advanced contro oops for the recovery
bo er Severa process measurement s gna s may
be nput into one advanced contro loop Con
verse y one s gna may be nput to several of the r—@ ————————
advanced contro oops The oss of any one of 1
these s gnais may have a w despread effect on 1
the advanced contro system or a very im ted }
effect Further, the loss of one specif ¢ s gna may ATM —
have a major mpact on one contro oop and a PREHEATER
m nor mpact on others FCRCED DRAFT

FAN

To m n m ze the effect of an unava ab e pro
cess meas_rement signa on the performance of
the advanced contro system, and on the opera
t on of the recovery boiler, spec a inter ock ng
features have been des gned into the advanced
recovery bo ler control system Thzse nter ocks
prevent nappropr ate act on by the var ous contro
loops and ma nta n the h ghest eve of contro
system funct ona ty poss ble under abnorma
cond t ons FIGURE 3 -
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The advanced contro er rece ves nformat on
from a var ety of sensors, and the oss of any one
signa causes the advanced contro ler to
automat ca y ntate an nter ock act on f the
ost sgna s not dynamca ycrtca to the
advanced oop, the contro erw Lse a prevousy
va d vaue of the sgna fthe ostsgna
dynam ca y crtca to the advanced contro func
t on the advanced contro er w ho d the remote
setpo nt for the base contro er at a prevousy
va d vaue

When the base contro oops are mp emented
n NETWORK 90, f the pr mary measurement
s gna for the base contro er becomes
unava ab e the base contro er s automatca y
and bump ess y switched to MANUAL mode

In al cases the operator s aerted to the
automat ¢ nter ock act on When the s gna
becomes ava lab e to the contro system agan
the affected control funct ons can be bumpless y
re nstated by the operator

Economic Analysis

On a typ ca 800 Ton / Day b ack quor
recovery bo er, a tota annua savngs of $143.000
can be rea zed by reduc ng the average excess ar
from 28% to 10% {excess oxygen reduct on from
4 59, to 2%) us ng programmed oxygen tr m con
tro The net steam product on ncrease from th s
excess a r reduct on represents steam that need
not be produced by power bo ers f red w th foss
fue Ths sav ngs s based on 350 operat ng
days / year and a cost for o generated steam of
$350 / MLB Actua savhngs w vary fromm to
m depend ng on the power bo er fue cost and
other factors affect ng recovery bo er ab ty to
f re at reduced excess ar The calculation of
these sav ngs s shown n FIGURE 4

Add t ona econom ¢ ga ns can be rea zed n
other areas of the recovery bo er such as
mproved chem cal reduction reduced SO2 and
TRS em ss ons, reduced dust carryover to the
bo er tube banks and ess aux ary o frng for
stab ty at reduced b ack quor frng rates Fur
ther ncreased green quor su f de concentrat on
w reduce the oad on the caust ¢z ng depart
ment and reduce soda oss n the me mud and
brown stock washers

Implementation

The Ba ey Controls NETWORK 90 distr buted
m croprocessor based control system offers cost
effect ve and f ex b e mp ementat on of the
advanced Kraft recovery bo er fus/ar contro
strategy The advanced strategy can e ther be
mp emented n e ght (3) ndependent but nter
commun cat ng s ng e oop contro modu es
(NCOMO3, or equvaent) or nasngemu t oop
contro modu e (NMFCO01) For opt mum re ab ty
and fau t to erance ths e ght s ng e oop con
tro ers shou d be part t oned to prov de separate
tota ar prmary ar secondary ar draft CO and
Op, quor quor temperature and aux ary fue
contro ers These mocu es can e ther be ntegra
ted into a comp ete NI TWORK 90 recovery bo er
contro system, or nstalied n a stand a one
M n 90™ system to prov de ony the advanced
funct ons out ined

Operator interface can be provided by any of
the Ba ey CRT based operator conso es or pane
mounted D g ta Contro Stat ons (NDCS03 10
each) Typ ca dynam ¢ graph ¢ d sp ays for ou
operat on of the recovery bo er are shown n
FIGURE 5 and FIGURE 6 The ma n operating
d sp ay (FIGURE 5) g ves the operator an overv ew
of recovery bo er operat on and prov des access
to the crtca contro oops w thout chang ng
dsp ays The deta d sp ay (FIGURE 6) prov des
the operator w th spec f ¢ nformat on and contro
capab tes for start up and respond ng to abnor
ma s tuatons

The capab 1es ard features of the referenced
NETWORK 90 equ pment are fu y descrbed n the
var ous Bat ey Product Spec f cat ons The
NETWORK 90 modu e conf gurat ons requ red to
mp ement th s advanced fue /ar contro strategy
for Kraft recovery bo ers may be purchased from
Ba ey Contros subject to a software cense and
use agreement For systems conf gured by Ba ey
the system d skettes and documentat on w
nc ude the conf gurat ons For systems not con
figured by Bailey, a detalled implementation guide
s ava abe
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~— BENEFIT: Reduced power boiler auxiliary fuel consumption due ta a reduction in excess
combustion air.
800 [TON pu p] / DAY
* 350 DAY !/ YEAR
* 3000 [LB b ack quor so ds}/[TON pu p]
* 32 ][LB steam generated] / [LB b ack quor sohds]
* (28 10) [% excess ar n fluegas]
* 0084 [% fue savngs @ 370°F fuegas temperature] / [% excess ar in f uegas]
i 100%
*  $300 [fue cost]/[m on BTU]
/ 850 [LB steam]/[m! on BTU]
$143,000 sav ngs / YEAR
— FIGURE 4  Economuc Benefu Calculaiions
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