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ABSTRACT

Afyon mill 1is one of the cight Pulp & Psper nill  complexes
of SFKA groupr 1in Turkey producing chenmical grade pulps, from
wheat straw and lake reed. Wheat straw and reed sre silica rich
fibrous raw naterials. Silica dissolved during the pulping
opcratien has adverse effest and does not  permit the sneath
opcration of chemical recovery se~ticn. Neoed for desilication at
above pulp nill was recegnised in 1987 and Central Pulp & Paper
Resecarch Institute (CPPRT), Saharanymr, India, with its  ex-
perience  for nmore than 10 years of resecarch in the area cof
desilicotien was ransidered for careving cut desilication werk at
Afyon Pelp Mi11) and subsequerntly in 1990 UNXTIDO awarded & rcontract
tc CPPRI. Twe uwelentists froem CPPRT visited above poulp mnill) for
a periecd of one ponth oand carried cut work on desilication of
black liquers, using carbenation technique both on lakorateory and
sceni-pilot scale. The resulte of desilication have been highly
cncouraging and studies have clearly indicated that it is poe-
sible to apply the desilication technology developed by CPPRT and
inplencnted on comnereial scale,  at Hindustsn Newsprint Limited,
Kerala, 1India. The present repert deals with the results and
findings of work =arriced cut by CPPRY srientists st tho prchrx
site and hone ~ffice and alsn the proposcd flow sheet for

desilication plant at STEA Afvern pulp nill,
INTRODUCTTON

Silica is en~ of the najor non-proces- elenente  in pulping
and  cheracnl oveeevrry eyl on? g < opainly fror ol rons raw
matericls like recde, boanboe, atrawe, bagaese eote. Prosence - f
<ilieca an Llask ligueor pocee arveral probler-  an chenies)

re~overy soction which are digsenceel in the following pages,




Afyon Pulp Mill in Turkey is facing problems due to silica

in the blark liquor. Recovery unit of the niill!l is not functior-
ing snoathly, Despite the high purity of line fron ratary  linme

kiln, the nill is forced te dispose ahout 2¢,000 tonnes «f line
rud, annually, due to prescnce of high silica in npud. The rnuiin
advantages  of  renovael of silics fron black liguors ave go.ng t-
be  snocth cperaticn of chenical recovery units, with reduce?

dowr  time and  increased life of process equipments .nd pos-
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f reburning of line mud for obtaining line.

Efforts for rennval of silica (desilication) from black lig-
urrs have been going around the world since  last  few  decades

> .

Desilication by carbonation and line treatment are the tws widely

: pred re th de (I 0 0 The Tirs treatrent rethed coull onet loloaa
Trerol L lly o attracstive due ta nassive guantitics of lipe yo-
Ge.rerw nts and problens in sludge filtration., Recesrch work wae

arried out  en desilicatien by carbonation by varinus researc!

) - = -

Groups Lin ovarious parts of the world (2). The disadvantage of
Joallication by carbornztion technique is co-precipitation of lig-

;v invariebly, as the pEorange of lignin and silics precipita-

tien are very olose to cazh other 9.5 to 1002 (2), Thus  snlen-
tive  porecipitation of silica in carbonoticon berodoe o cruial
step f the desilication process. Extensive rescarch and bettoerp
undorstanding -8 the ehenical  aspects co . T

precipitation cnabled CPPRT  teo  achieve @& Lreak-through in

Gemldtcition technology  during its  UNIDO  assisted Project oo
"Deellicotion of barhaoo black liquor" (3). The stepwise carbona-
ticrn in oenbrorec butlle reacter (SBR), is the key step which
farilitated n achieving sclective pre-ppitation of silica.
Paerd on thie jprecess  technology, a proetotvpe nill SR
demonstration desil.iution plant becane cperational in May, 1989
at HMindusta: Newsprint Linited, Kerala, India, and the results of

onee year trial runs are highly encouraging.

to




The objective of the desilication work at Afyon Pulp Mill,
Turkey, is to investigate, whether it is possitle to apply the
carbonation technique developed by CPPRI for bamboe black liquors

to straw black liquors produced at above pulp mill.

The work at SFRA - Afyen mill is thus divided inte twc
parts:-

Work at Project Site :

a) Labnratary studies on black liquer desilicaticn using syn-

thetic flue gas te optimisc pracess parancters for desilicatiorn.
| £ Te install a semi pilot plant unit wusing submpersc bubbkle
reactar teshnnlegy and to cenduct desilication experiments using

the process parancters developed in the labaratery.

o) To impart on-job training te the counterpart  laboratory
staff.

wWork at Home Office :

i) To analyse various samples, callected in the SFEA Afven Pulp

v:11 during desilication experiment <,

b)) Preparation  of  procedures for testing of Plo-b 1o s A

-

iea studges.,

) Preparation of initial croneept  of  desilicatase plant feour
SFEA  Afyen Mill and to prepare a flow-sheet of the prapoced

Acerlieat icn plant,




Following tear of scientists fron CPPRT worked for the UNIDO
Project in Turkey.

Project Area Home Office

Dr.A.G. Kulkarni Dr. Rajesh Pant, Director
(Tcan lcader) Dr. A.G. Kulkarni

Dr. R.M. Mathur Dr. R.M. Mathur

Dr. S. Naithani

Mrs. Rita Tandcn

During the course of desilication werk at Afvon Pulp Mill,

CPPRI team was joined by Mr. P. Rajasckhara, Consultant & Techni-
cal Adviser to UNIDO.

Tho CPPRI has to fulfil the ohligation given in Annex-T.
This repert covers the resulte & findings of laboratcory and  seni
pilot scale desilication work at Afyor Pulp Mill, cn-j<bk training
given to personncl at Afyon Pulp M311, supparting analytical work
carried out at hkone office and the conceptual flow-shret of

proposed desilication plant fer the STRA Afvon Mill.




THE SEKA GROUP :

) The SERA Group of mills are Government cantrolled pulp and
papcr mills in Turkey. The group has eight pulp and paper nills
which produce various grades of papers fron different raw
naterials. The SFKA group came into existance in the yecar 1926
when the tetal production was about 4000 tonnes’/year, and went
upto 367,271 tonnes year in the year 1988. Thc present average

per capita consumption of paper in Turkey is about 16.7 kg.

1. SEKA - AFYON PULP MILL :

The SEKA - Afyon mill is the oniy mill ameng the group which
utilizes wheat straw and lake reed to produce bleached chenical
pulp. The ratio of wheat straw to reed is 70:20 and the annual

production capacity is 50,000 tonnes of pulp.

1.1 Pulping :

Mixed pulping of wheat straw and reeds is carried out with
15° astive alkali in Kamyr continucns digester.  The average un-
1. ached pulp producticrn 1« 130 tonnes per dav. oot
bath ratio of 1:3:5 is maintained with a top temperature of
158=cC, Unhleached pulp yield is about 45 per cent. Thre pulp
waching 1s carried out on ratary drun washers, The chemiceal
losses are about 4 kg/tonne of pulp. Weak black liquer gronerated
has about 109 solids concentratien. The un!lea- Led pulp ds
hleached by conventional CFHH sequence to bring the final bright-

nese to a level of 8% 180.




1.2 Chemical Recovery :

Thee SEKA - Afyon 1s one of the few nills whichh has conven-

toose D o sherseal recovery hased  en black liguers entircly froo

ponen Ty Tt s raw materin . The rmatial lrgusr aboaut 100
A M b 1 Loal Td y v CREEY - -y -~ x- o
© T.is s evaperated  in LTV multipls effect evaporators having

v, The  final concentration around  46° is achieved.

Tl fugel panps ave used for circulation . Farther cancentra-
coon - T othe Blaok liquior rto arcund I3-38 1s carried out in cas-

L.

type direct  contact cvaporators. The conrentrated black
rrqunr Is then fired to the recovery boiler of Stra Muller nnmake.
£

200 tonnes of Black liguar

- Thde peer 3oy Suxillisry fuel required is 24 tonnes of furnace

Sy dy. Tresontly the furnace is cpercsting with shout 12-13
o F noentrated liguer and 1 n? of fuel <1l per  hour, The
sttt rerated e around 1.5 tonnes tonne of block liguer e lid-
Wi =oovery ok on the Tower erde ae cergpared toomalle Do
T (haoced s arftwoedet of Blach Diguor < 1ids, Tower stear

et raght be dae b dow coneentration of Yiack liquor fire!?
recvso ¢f w3105 S one of the factore affesting the cvaport o

Ff.oaenoy and as oa result it rmight be difficult to achieve the
1o Tocncentration

2. Need for Desilication

<ol : . ViR daquor oerrenr throuagh the o raw
Toatersa s b ot whent ctraw sl lake reed contain high propor-

tron o f Rilicn as oseen In Table-i. The silicn disclves in 0
Lo Yernoale dn the Slhalune palping procese and suber -
o Ty poses problens in o various etn e of clicmcal recovery,




The material balance of silica in the chemical recovery locp s
given in Table-4. The problems caused by silica 1in various sec-

tions arec :-

2.1 Evaporators Performance :

It forms hard deposits on the evaporater tuhe walls which
sometimes get hlocked reducing the heat transfer for efficiency.
This cals for frequent mechanical or chemical treatment. The
analysis of evaporator scales is given in Takle-35, which shows
that silica is its major component. The sg;]e formed due to
cilica adversely affect the heat transfe acccrding to following

equation
Ry = 2s.
s

where Rs is heat transfer and 55 & », are scale thickness and

its heat conductivity.
2.2 Recovery Boiler - Life & Efficiency :

Silica when fired into the recovery beiler forns hard be-
AV ive Jike structures preventing  heat  transfer to the tube
walls and alsc reducing the life of the cgquiprment.
2.3 cCausticization Stage :

During green ligurr causticization, silica reacts with part

67 line forming caleium silicate which i slow scttling and  ad-

versely affects the white liquer clarificaticen.




2.4 Lime Burning :

The lime mud containing silica cannot be reburnt due to high
percentage of silicates which form rings on the walls of the lime
kiln in presence of alkali. The lime nud generated is disposed
off as land fill and as a conseguence poses serious problems
like: -

- High cost of transportation by lorries;

- Requirenent of open land for lime disposal. It has been es-
timated that for an average production of 100 tonnes lime
mud per day for a period of 10 years and with a disposable
height of 4 meters, about 30 hectares of land will be needed

for lime mud disposal.
- There are ampl~ chances of contamination of ground water and
surface water duc to the presence of sodium in the lime mud.

The 1lime nmnud contains about 2-3% sodium (Table-2) which 1is

also disposcd alongwith the lime mud.

3.0 ADVANTAGES FROM DESILICATION OF BLACK LIQUOR :

Py gcing in for desilication, following advantages are going

to be achieved :-

i) Improved evaporator performance leading to increased steam

economny and higher solids concentration,

&




1)

iv)

v)

the
dia
The

Reduced down time and increased life of evaporator tanks,

Reduced down time and in~reased life ~f furnace snd lese

chances of sport janing,

Inproved performance of causticisere and reducing the Toadd

on causticirer,

Possibility of increasing the dryness of tire rad and eoben-

quent reburning and recveling of line mad.

DESILICATION MFTHODS :

Ffforts for remnnval of silica frar hic--h bigoor Aote oo oot
decade of 20« and o nunher of rescnr !t o worte e Yottt o Y1~

wnd abread have studied differ ot d-erlicstinn technigues.

r

desilication technigue s can be divides? ot bl o Lt raee -
Involving pre-ipitastion of ervlice ae a2 Tub e =07 o e o by

trent s, with catians 13ke G077 ond MY,
Involving lowering of p® by additicn of g oad:s whach recnlte

n precipitaticrn of <1 L : Vot

(SAG).

(4}




4.1 Methods Involving Precipitation of Silica by Cations :

Lime treatment for desilication was extensively studied by
various research groups. This nmethed, however, c¢ould nat gain
commerclal significance, as nassive quantities of lime was  re-
quired and it has been reported that as high as 400-600% of cal-
ciun oxid~ ~n silica, 1is nceded depending upon  the method of
treatment (1). Studies cenducted at  an  Indian  paper nill
revcaled that filtration of calcium silicate precipitate pases
several problems (2). The studies conducrted using bauxite

(31.0,) also were not successful.
4.2 Methods involving use of Acids/pH Reduction :

Ry lowerring the pH cf the black liquer, silicates are con-
verted 1into insoluble polymeric anhydrides of siliciec acid gel
(SAG) . The Figure-1 shows mechanisn of  silica precipitation.
Two methods arc generally employed for pH reduction :-

a) Addition of mineral acids;
b) By carbhenation using €O, gas.

Addition of nmineral acids was not found to be suitable be-
cause of difficultice in controlling the threshold pit and  as &

consequence, s large  ancunt of ligrman as alse coe-presipaitated

wit}? silica.

10




4.2.1 Silica Precipitation by Carbonation :

Carbon dioxide is mildly acidic and therefore pH reduction
using carbon dioxide is slow and contrclled. Various methcds
were studied to carbonate the black liquor in order to find the
most suitable method so as to have selective precipitation of

silica without lignin precipitation.

4.2.2 carbonation by Direct Bubbling :

Carbon dioxide gas from compressed gas cylinders or from
the recovery boiler was injected directly into the black liquor
and pH was reduced gradually. Silica precipitation commences at
a pH 10.2 to 10.3 but as the carbonation progress, lignin also
starts co-precipitating due to over acidification in some pock-

ets.

4.2.3 Carbonaticn in Packed Bed Column :

Direct bubbling method suffers from the disadvantage that
rate of gas-liquid mass transfer is very slow and it takes a long
time for carbonation and on continuous operations size of equip-
ment may be huge. Packed bed absorptiorn columns are normally
used for reactions involving gas-liquid transfer operations.
Packing materials like intalox ceramic saddles, Raschig rings,
Pall rings, Ber]l Saddle were used for black liquor carbonation in
a packed bed column. It was possible to achieve desilication
over 70% in packed bed columns where liquor is fed at the top and
flue gas from bottom but again the sludge was rich in co-
precipitated lignin. Heavy foaming and localised carbonation

were responsible, in lignin precipitation. Deposits of silica

11




and lignin was also noted in the packing material. The rate of
carbonation was very fast and it was not possible to carbonate

uniformly.

4.2.4 Carbonation in Submerse Bubble Reactor (SBR) - Concept and
. Rcality :

All the methods discussed above have one major disadvantage
that massive lignin cce-precipitation occurs along with silica
which makes the filtration of silica sludge difficult and at the
samc time significant loss of hecating value from black liquor.
At this stage, the idea of Submerse Bubble Reactor (SRR) was con-
ceived. A typical lay-out of SBR is i1llustrated in Figure-2.
In this reactor, the liquer to be treated with gas is circulated

through a pump in a tubular systen. The CO. gas from the com-

pressed gas cylinders cr from the recovery boiler is injected at
: the upper limbk of the tube. The Tiguid on 1t s downward path
sucks in the gas in the form of discreet bubbles. The shearing
action of the flow worke the gas hubbles in a kneading fashion

continuvously exposing new gas liquid interfaces. This results in

slow reduction of pH. It was also noted that sludge obtained in
this reactor 1s light «ccloured and can be washed to a white
coloured silica. Table-€ shows the comparative account of  twe

liquor carbonated on packed bed ecolumn and on SBR.




5. COMMERCIAL SCALE IMPLEMENTATION OF SUBMERSE BUBBLE REACTOR
TECHNOLOGY AND OPERATING EXPERIENCE AT HINDUSTAN NEWSPRINT
LIMITED

The laboratory technique of desilciation using SBR technol-
ogy was scaled tc design and construct a nmill size prototype
desilication plant capable of processing about 40 cubic neters of
black ligquor per hour. The plant was 1nstalled st Hindustan
Newsprint Limited (HNL), Kerala, India. The plant becane opera-
tional by May 1990.

The desilication plant at HXNL has threec submerse reactor
tanks connected 1in series. The first reactor tank has twc suh-
nerse reactor heads and other two have onc submersc reactor head.
The pH of the black liquor is redured in the submerse reactor
tanks from 12.0 to 10.0. The tenperature of the reactor s
70-80=C , when the desired level of pH is achieved in the third

tank, the liquor enters the hot retention tank, where the silica

flocculation takes place. The liquor is then filtered on a
horizontal belt-filter to separate the precipitated silica from

the mother liquer.

Operating Experience of the Plant :

The weak black liquor from the chemical pulp mill is fed
to the desilication plant. the Table-7 records the chzrr o
made when flow of black liguor was maintained 10 and 20 n2'hr.
The weak black liquor has almost the same physico-chemical
properties i.e. pH 12.4-12.5 at 30ecC,. The total solids con-
centration is 15-17 ° (w/w). Silica in black liquor is about 2-4
g'l. The carbenated Jiquors show a pH 10.0 with reduced alkala
at Jess than 0.3 g/l. The sludge obtained in the two case is

white in colour. The ash content is about 90" and above and

13




silica in asb is about 90°. In both the cases foaming in  the

submerse reactor tanks 1s noderate. Extent of desilication is
akout 80, Heat loss in black liquer due to desilication is
only marginal and black liquor obtained is 10% w'w. The

results 1ndicate that the plant efficiency is net affected with
change in the quantity of black liquor to be carbonated and prac-
tically similar properties of carbonated black ligunr and sludge
are observed when velume of feed liquor is doubled from 10 3 'hr

te 20 n®‘hr.

6. DESILICATION VORK AT SEKA - 2 YON :

6.1 Laboratory Dcsilication Trials using Carbonation :

Laboratory desilicatinn trials were conducted at the SERA

Afy:r rill to establish the inpertant prosess paraneters like

Optinum pH level for naxinun desilication, without

Frecipitating lignin,

- pH at whirh lignin precipitation commences,

- Stability of lignin at vasrious pH levels,

Filterability of carbonated black liquor using a filter

paper and a vaouan pung,

- Characteristics cf carbonated liquor - change in RAA  level,

i, tetal solids, specifie gravity and silica removal,

14




- Characteristics of silica mud - physical appearance like
colour, nature of the powder, lignin content, silica contet,

etc.

These properties were ceonsidered necessary teo  estabish the
suitability of desilication process and to lay down the process

conditions for a senmi-pilot desilication plant.

6.2 Arrangements for Carbonation :

Simple arrangements were made for lakeratery carbonation
studies. Synthetic flue gas was used for carbonaticorn as a sub-
stitute for boiler fluc gas. Carbon dioxide from the compressed
gas cylinder and air from the nill conoressed air supply line
were blended to get a nixture centaining 10-1%° CO_  All carbona-
tion studies were carried cut at the ligucr temperaturc 70°C  was
raintelned by wusing a hot plate. Agitaticen was provided by a
rariable speed rigid shaft stirr>r which sinultaneously served

the important purpases like :-

- Distribution of gas bubbles into the entire solution as the
gas injection 1e at one poant in the  liquer. Quick dis-
tribution of the gas 1s necessary to avoid localised car-

} nation.

- Maintaining uniform temperature in the vessel,

- Assists particle to particle contart, once =i1lica floes

start to precipitate.




It also helps to sutside foam which is generated in the ear-

lier stages of gas liquid interaction.

The experimental set-up is illustrated in Figure-3.

Materials and Method :

Representative sanple of fresh black liqucr were collected
from the Kamyr digester for each trial. About 1 litre sample of
the liquor was first heated to 80°C, which was then carbonated
using a stcady, gcntle flow of the synthetic flue gas. The CO.
concentration in the synthetic flue gas was maintained at 10-12<
to keep it on par with that of recovery boiler flue gas. The pH
of the liquor was monitored and reccrded continuously. During
the initial stages of carbonation the pH remains stecady due to
high residual alkali level in th~ liquor. Once the excess alkali
is ncutralised then the pH drops steadily. Carbenated black lig-
uor samples were collected at different pH levels for testing
filtration properties and the extent of desilication. Original
spent liquor and carbonated liquor were analvsed according to
TAPPI standard and silica was estimated according to CPPRY

mnethods (Annex-2).

-

6.4 Results

6.4.1 Foaming Tendency :

Foam grneration i1s noticed in the earlier stages of carbona-

tion. The quantity of foam generated depends upon the initial
liquor cconcentration. When the black liquor of low solids was
rarbonated, fragilc, unstable foam was gencrated, When  the

16




solids concentraticr of the Ii1quur «xceeded 15, the foan qenera-
ted was rore stable. increasiig the rate of agitation helps to
subside foan. Use of antifoan agent like kerocene alse helped in
effectively reducing the o tenedoney,

. 6.4.2 pH Reduction and Precipitation of Silica :

’ PH was neacared ot oo terperature of 30°C in order te [retect
the  pll eleotrode <ol Precipteilon conmenced ot oo ploof
10.2. This wie visually clserve? by taking o sanple 1 & srall
glass beaker (nd svirlang the i r on the walls wher gelatinous
white deposit app-arcd on the wali »f the beasker. Hrwever, in
case of bBlack lguore fror paliing «f the agricultural residues,
hentealluloses are e present an higheer oreunts,  and thev alsa
appesr Tihe silioa i vpitoee The dastinetion between the twe
could bBe ool by filierzingott Pl v,

Thee =011 ETERS S v frlterable Gnd waches Clenrn off

) any occluded liquor. Syl: cabe brire s an pature after dewater-
ingoehowe rultgp e ol Lo, Wi vl I8 contarnineated wath,
targe anennt of herneellal eos, gt Lo Tifficult te filter anpd the
TR RN T . oot S N S AT O Th,
Lieppov sanples were with lviws o0 war, us pH levels to erudy the
¢ O S P N S A T HE S BN I, folorab oty
: . : -l i A A L L A T S
led covefully. The resulte o fFord, coboratory trals are Jrecc eded
in Table=8. The tine regui: S - Lrbanation was £0-07 roanotes.

: The rate of s flow w0 o1, clas very low ogas v Tae gty
was reguared, Lowever, by bnowineg th o pate o f Fakblang in water,

: Goeenetont o veloo gty v g Lnt e, 0 ahialveis  of  riging ]




liquor showed that the liquor possessed a high pH, sometimes more
than 13.0. The total solids concentration was betweern 9-13% but
normally was about 10%. The liquor also showed a high residual
alkali concentration in the range of 8-12 gn 'litre. Silica con-
tent, as determined on black liqucr solids varied bLetween 2.5-
3.5%, depending upon the raw material compositicn. Duc to high
pH and residual alkali, it is expected that the lignin in black

liquor are more stable due to the fact that ensugh alkali con-
centration is there to prevent lignin condensation and also
sodium lignates are precent which are more hydrophylic. This is
expected to help in selective desilication ¢f the black liquor.
The Table-8 also depicts that carbonatced liquer pH was normally
9.5-9.7, which is cn the lower side as compared to that for bam-
boo and receds (3). The R.A.A. of carbkonated liquor was generally
reduced below 1 g/1. The silica concentration was generally
reduced below 1° (w’w) deprnding upon the end pH, c.g. when pH of
carbonated liquor was 9.5, upto 76° desilication was achieved
whereas only 35% silica was remeved when the pll of  carbonated

liquor was 10.1.

In the laboratory desilication trials, sometines there is a
tendency cof lignin co-precipitation dus te lacal overcarbonation
as the bubble sizc during direct bubbling is large. This causcs
problems in fil*ration and further carboenation had te be ter-
ninated due to poor filtration. The pH and amount of silica
removal results indicate that gend dreilisation is possikle at pH
9.5 to 9.7.

6.4.3 Silica Sludge :
Under the optinum desilication conditions, it i< imperative

that there 1 a high extent of desilication (807 and  abkove)  at

the same tin~ silica sludg- cheuld b~ free of organic impurities,
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The analysis of sludge at various pH levels and in different ex-

peripents reveal that under cptimum conditicns of pit ( 9.7) the
sludge 1s relatively free of organic matter and shows higher ash
and s1li1ca content . A perusal of the Table-8 reveals that  ash

content of the sludge is upto 75° .,

The  laboratory trisle clearly indicate Lhat it is possilble
to achieve desilication over 70% in the pH range of 9.5 to 9.7
(neasured  at 20°) a4t an optimun  tenperature  of 80ecC. The
desilication was equally good for black liquor solids range of
10-16° w'w.

7. LESILICATION USING SEMI-PILOT SUBMERSE REACTORS -

Two stage glass submerse reactars for spent liquor carbona-
tion was used in CPPRI for desilication trials. As the glass
subnmerse  colurns  and  accessorics  could not he taken te Turkey
from India, it was decided to construct semi pilot reactor at

Afyon nill.
7.1 The Semi-Pilot Plant Unit :

The semi-pilet plant consisted of two reactor columns made
of mild steel, each 1.6 neters in length and having an  internal
diamecter of 15 ems. The detailed pilot plant set up is shown in

Figure-4. Fach column had a volume of 26 litres. Four glass
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windows, two on the upper and two on the lower end of the glass
colunn were provided. The windows were opposite to each oth v oso
that visual observation on size of the hubbles, ox Flime,  luiiicor
flow and foan could be nade. The ligquer was fed to the reactors
threugh a vertical delivery systen using a purg .o LoD tthe
reactors. The arial pumps were draiven by 2800 21Mp ror, e )
capal.le of punping $.-47 litres of spent liguers por oronete. The

. P .

gas injection port assenbly was dosigned 1n sl Dosniono s s

te cesist the gas suction and to affeut the wou 0T 0T e anmter
action. The injection port had 4 nozzles - iw HEE S R T R

each other tangentially at an angle of 307, The .. les het 0L
nd .0 i openings. ArrangeRents wero ol pronr o 0 Do tians -

a
fer of liquor frorm the 2nd reacter to the firer ol 00 tants and
€rer: the foan tank to the first resctor tank <. o= 1o saryy cat

A

cont inacus deeilicativn trials.

7.2 Fluc Gas Composition :
Iritial experinents  weorde cenductesd oo thee eopi-prlot enl-

reres unit using synthetic  flue gas, 1.e. raxture of  carbon

Jicaide  from the cenpressed gas eylindors cnd wir. THooocoe e -

tien f flue gas was nmaintoined  as close  te that of jlan
re overy boiler flue gas as fur o= peseiblo . Gls wn T v
corried et for ol the tricls ueing Grecl Gpperolos. S
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Several trials were taken on the send pilet desil
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7.3 Materials and Methods :

Black 1 -quer from pulping of straw and reed in the Ranmyr
digester is stored in a storage tank. The «ori-pilot plant unit
was fitted with a fresh black liquor line te chtain fresh hot
black liquor. Flue gas from the flue gas stack of the recovery
boiler, 1is used. The analysis of spent lijgquor and  carbonated
ligquor was carried out as per TAPPT e!andard T-€25 and analvsis
of sludge and silica determination was carried as per methods of
CPPRI given in Anncx—?. Tine taken for carbanation was ahont 4
hrs, when 80 litres of the black liquor was carbonated in single
column. When both celvmns were enployed the time  required for
carbonration was about 3.5 hours. The flew of flue gas into the

reactors through the gas injecticn part was maintained by regula-

tion through rotancters. A gas flow of 40 litres per minute was
maintained to have a steady carbanation. While using synthetic
flue gas, a gas blender was used. The sirv and carben dioxide

were  1ntroduced  from the bhottom of rugged petal cvlinder clesed
at both ends with both the gases entering through tangentially
placed nozsles. The cutlets were provided at the topr and the gas
flows were regulated by retanecter. The arrangenent ensurcd
proper mixing of the gases and constant  honogenous  flow  was

provided.

7.4 Results

7.4.1 Lignin Co-precipitation :

The precipitation point for silica and lignin lie in elose
proximity and slight deviation from the critical silica
precipitation pH may result in lignin precipitation.  The experi-
ment on laboratory  as well as pilot plant scale have indicated

that when black liquor solids increase beyond 18-207, there are

N
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more chances of lignin co-precipitation. It has also been found
that relatively stable lignins are present in spent liquors which
have higher residual alkali as compared to the ones with low or
nc residual alkali. It 1s alsc experienced that once the lignin
precipitates, filtration of carbonated liquor becomes impossible,
and even repeated washing with warmn water also does not help in
improvement of filtrability or colour of the precipitate. Keep-
ing this 1n view, the pH reduction was closely moniteored in every

10 minutes.

7.4.2 Critical Precipitation pH :

The desilication trials were started with a spent liquor pH
exceeding 12.5 in all the cases. 1Initially, the pH reduction was
slow due to very high residual alkali. The first appearance of
the precipitate was cobserved at a pH about 10.4. This
Fprecipitate was very fine and almost nothing was retained on fil-
ter paper when this liquecr was filtered. The larger flocs are

cbserved as the pH dropped to 10.0 and below. On filtration the

ligquor was rcadily filtrable, leaving behind 1light coloured
s1lica mud which was casily washable with warm water. The
adhered spent liquor was easily washed off with cold water. It

was observed that with the mixed spent liguor of wheat straw and
reed the pH for 80% desilication lies in the range 9.8-9.6.
Fiqure-5 shows the pH reduction with progressive carbonation. Tt
Qas observed that when the initial pH was high, the reduction in
pH was rather slow. The curves distinctively, show that the ini-
tial pH reduction was relatively faster than pH reduction in the
range 9.5-10.5. The initial reduction i1s  faster due to
neutralization of NaOH and later reduction slow dur to
nentralization of organic acid salts. Thus the length of period

of carbonation is purely dependent on chemical nature of black

o
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7.5 Continuous Trials :

The desilication trials carried out on single and double
column showed that eceffective desilication can be carried out

using the submerse bubble reactor.

In continuous trials, initially, black liquor was carbonated
to desired pH level of 9.6 in two column. When the entire liquor
had attained this level of pH, fresh ligquor was added at the rate
of about 1.6 litre’minute to the first tank. When carbonated in
two recactor liquors was drawn at the same rate as the fresh
ligquor input. Rate of spent liquor flow into the reactors was so
monitored that the cverflow obtained from the second reactor or
finally carbonated liquor, pH remained the same for all the
samples collected over a length of period of time. The trial was
continued for about 90 minutes and pH of the cverflow was main-
tained constant at a level of 9.8. Thr entire system was there-
fore brought in an equalibrium state. Steady gas flow of about
50 lit/minutes and fresh black ligusr flow of 1.6 litres/minute
was maintained. The carbonated liqu~nr was filtered. It gave
easily filtrable silica mud and had similar characteristics to

that of the batch scale sample.

7.6 Filtration of Carbonated Liquor :

The efficiency of desilicatian depends much  upen the
filtrability of the carbonated liquor. The liquor separated
should be free from any precipitated silica and at the same tinmc
silica sludge should be easily washatle and should also be free

from any precipitated lignins and other organics.




In laboratory scale experiments lignin co-precipitation
slowed down the filtration rate. The cause of lignin precipita-
tion was attributable to the possibilities of localized carbona-
tion and incrcased liquar concentration during heating to main-

tain a constant temperature of B80<C during carbonation.

In the semi-pilot plant experiments employing subnmerse
bubble reactor technique for carbonation, inproved rates of
filtration was noted. In plant trial No.5 where CO, and air mix-
ture was used the carbonated liquer had filtration rate of 36.8
litre/m2?/min. In another trial with mixed liquor a high filtra-
tion rate as high as 122.8 litre’'n?’mnin, was obscrved. In the
plant trial %No.9 when twc stage continuous carbonation was
carried out, the ligquor at pH 9.8 had a filtration rate of 47.4
litre/m? 'min. In the trial No.7 flue gas was used for carbona-
tion and still a gentle carhonation was effected, and a rate of

filtration of 132'm?'min was ohserved at pH of 9.9.

These results clearly indicate that in semi-pilot plant, duc
to gentle carbenation, there was very little or no lignin co-
precipitation. Khen the cludge was free frem lignins  the

porosity was high and therefore filtration was rapid.

7.7 Characterisation of Sludge :

The results of analysis of sludge samples (Table-10) indi-
cate that black liquor occluded in the silica mud wzgvnffcctivcly
washed by warm water as indicated by reduction in values of  loss
on ignition after washing of silica sludge. The lignin content
in washed sludge ranges from less than 0.2 to 2%. flawever, car-

bohydrate fraction in the cludge was on higher side and washed




silica mud had about 5-8 per cent carbohydrates. This night be
attributed to the prescnce of pith and possibly some henicel-

luloses which are present in excessive quantities in agricultural

residues black liquars. The loss of sodium along with washed
sludge was not very substantial. The washed sludge had silica
content over 80°% or sludge dry solids. The silica sludge from

semi-pilot desilication plant had white appearance after washing.
It was light and bulky. The semi-pilot plant scale trials gave
s1lica sludges having low lignin and sodium contents and rich in
silica. The washed sludge ohtained at Afvon, with the cxception
of higher carbohydrate, had chenical composition almost similar
te bamboo silica sludge obtained at desilication plant at Hindus-

tan Newsprint Linited, Kerala, India.

7.8 Re-alkalization of Carbonated Liquor :

It 1s ipportant from the view point of rheclogical
properties of the carbonated black liquor that a minimum amount
of alkali level need to be maintained so that there is ne  abper-
mal rise in viscosity of the liquor during concentration and alsoc
the pr cipitation of hklack liquar solids due te colleidal in-
stability does not accur at a relatively low total solids con-

tent.

It was noted that in almost all the experiments, after car-
banaticn the residual alkali level of spent liquars dropped  down
to less than 1 gpl. From the past experience on several spent
liquors, it is known that at lcast 5-6 gpl of alkali is needed
for maintaining low viscosity in the liquors. It 1s therefore

inperative that caustic should be added to the spent liquer to
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bring the residual alkali level to the required limit. The

laboratory experiments reveal that (Table-11) a minimum of 5 gpl
of NaoHl should be added to the carbonated spent liquor to bring
the residual alkali to about 5 gpl, and further addition of XNaOH

was n.:t beneficial.

7.9 Viscosity and Caiorific Value of Original and Carbonated

Liquors :

Viscosity 1is an important parameter which governs the final
concentration of the spent liquor and also the pumping of the
liquor 1into the recovery boiler. Therefore monitoring of vis-
cosity is very essential. Upon carbonation, the pH of the liquor
drops which can adversely affect the viscosity. To overcome this
problemn a step called realkalization is introducred wherein alkala
is added to the black liquer to restore the visccosity to  almost
the sanc level as in the case of original liquar. To get an idea
of the viscosities of carbonated and the original hlack liguor
viscosity were mcasured using Rheo Visconcter. This visconeter
neasures viscosity in termns of resistence offered to falling ball
in the black ligquor sample. The viscosity curves shown in
Figure €, indicate that the carbonated and desilicated black lig-
uor when brought to original pH (arocund 12) shewed viscosity al-

most conmparable te that of original liquor.

During carbonation due te  reduction in pH some amount of
lignin-carbohydrate complexes precipitate along with silica.
Thus some portion of organic matter going along with silica
sludge nay result in reduced calorific value of carbonated and

desilicated liguor. 1In order to find out the changes in




calorific valt:r, tersts were performed. Calcrific value of the
original an.. carbonated liquor were deternined using Bonb
Calorimeter. The original sample had a calcorifis valuc of 2002
cal. ' gn and the treated liquer 2798 calories gm. The reducticn 1n
calorifis~ value, although is significant, cannot ke attrihuted to
only «crganirs natter lost with the sludge, but could als~ b due
te sone  reacticns  taking place during carbenatior and peoore

studies te urderstand this would ke essential.

8. PROPOSED DESILICATION PLANT FOR SEKA-AFYON PULP MILL :

The sermi pilat plant scale experinents at Afven confire that
the subrerse  bubkble reactor carbonation technique is ideal and
can be suscecsfully veed in desilication of wheat straw and  reed
Blask  liquors. Rased en the semi pilot plant results at Afyoen
and experiencs of the desilicatien plant at BENXL, India, the ¢on-

~

ceptual deosilicaticn plant is shown in Figure-7.

8.1 OQuantity of Black Liquor :

Or ar averag~ the nill 1s produring abnut 1200-1400 3 day
of black liqucr with ab~ut 8-10% solids content. For develepnont
of desilication flow sheet about 1500 n3'day of kla~k  liquor is
taken. The pH of the black ligueor varies between 12-12 (at 20 ¢

and the residual alkali lies between 3.5-7.5 g’'l as XNa,O.




8.2 Flue Gas:

The experiments conducted on carbonation of black liquor
have revealed that upto 30% CO, in flue gas it is not difficult
to control the end pH. The flue gas containing CO, content upto
30% 1is ideal for carbonation. Lower CO, content in flue gas may
require higher gas flow and large size equipment. Foam problen
may also be more when flue gas of low CO. content is used as more
gas will be required. Afyon mill has two sources of flue gas,

nancly the lime kiln flue gas and recovery boiler flue gas.

Lime Kiln Flue Gas: Lime kiln is already operational at the
Afyon mill. The average CO» content of lime kiln flue gas 1is
around 20% and 5% O, and fluctuations in CO., concentration are
lowe:r as compared to recovery boiler flue gas. It is recommended
to use flue gas from lime kiln due to high and steady concentra-
tion of CO,.

Recovery Boiler Flue Gas: At the Afyon Mill it was found that
CO, content of the flue gas lies between 5-14%. Oon an average
the CO, concentration lies at about 10%. At this concentration

about 2000 m® 'hr. of flue gas at 1100 m.bar pressure will be re-

quired.




8.3 Gas Liquor Transfer Rate :

Based on the earlier experience, it was found that on an
average there is about 60% absorption of CO. from the flue gas
during carbonation to bring down the pH from 13.0 to 9.7. The
total gquantity cof CO. required for carbonating 1500 n? ‘day of

black liqu~r is 4.95 tonnes.

8.4 Blower :

The blower for supplying the flue gas into the reactor will
be required to have a capacity of 2000 m3’hr cf flue gas at 1200
m.bar when drawn fron recovery boiler and 1000 mn3°'hr. at 1400

m.bar pressure when drawn fror lime kiln.

8.5 Stepwise Carbonation in SBR Tanks :-

Three steps of carbonation of black liguor will be required
to bring the pH from original 12.5 to about 9.7. Fach stage
will comprise of a submerse reactor tank fixed with two reactors.
The pumps required to punmp the liguor into the reactor should be
of centrifuga]l type and axial flow with Jlow head capable of
circulating about 1500 m®/hr. at about 400 rpm. The flue gas 1is
to be injected into the liquor in the circulation loop through
specially designed injectors or gas delivery head. The reactor
may be about 7 meter high and 'U’' shaped. The flue gas enters
through the injection head at right angles of the flow of black

liquor. Black !iquor on its downward path sucks the flur gas.
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The proposed capacity of submerse reactor tanks would be
about 160 m>. The construction can be mild steel type and with

insulation.

The three submerse reactor tanks are to be connected in
series and overflow from cne tank enters the other. When pH is
reduced to required level in SR-1, the overflow is taken to the
SR-2 and finally to the SR-TIT and making the process continuous
by adding the fresh black liquor equivalent to the black liquor
taken out from the last tank.

8.6 Foam Tank :

Foam generated in the submerse reactor tanks is carried over
to the foam tank by a commcn foam line. A tank of about 15 m3
fitted with a slow agitator will be sufficient for the breaking
of the foan. The foam converted intc lic:or is taken back to
SRT-1.

8.7 Hot Retention Tank :

When the pH of the carbcnated liquor is reduced to the
desired level in SR-3, there is normally drop in
temperature.Higher temperature is essential for obtaining better
flocs of silica. The liquor enters the hot retention tank. Un-
der hot conditions and mnild agitation the precipitated silica
molecules arec allowed to grow hy particle to particle contact.
Optimun time for build up of silica flocs is around 1 hour. A hot

retenticn tank of a caparity of about 60 m® is required.
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8.8 Horizontal Belt Filter :

Different types of equiprments are available for solid
-liquid separation operation. In the recent davs, belt filters
have become more common for filtering solids having fine par-
ticles. The DELKOR horizontal belt filter's performance at HNL
has been very satisfactory. So in the propesed Afyon desilica-
tion plant, belt filter is recomnended. The filter consists of a
rubber transporter belt moving horizontally on HDPE gland strips.
The belt supports the fabric which is the filtering mediun.
Grooves on the transporter belt convey the filtrate to the
centrally located holes and from therc tc the vacuun bex located
below the belt. From the vacuum box the filtrate air mixture
goes to filtrate receiver-cum-air separater. Partitions in the
vacuun box and filtrate receiver enable the mother filtrate and
wash filtrates to be separated. In the receiver the air 1s
separated and goes to the vacuum punp. The filtrate flows down
through the droplegs tc the respective seal tanks. This svsten
provides for three stage counter current washing of the silica
residues on the fabric. The hot blask liquer can be fed to one
end of the belt through a feed distributor and as the belt noves,
cake is washed by wash filtrates and finally by hot fresh water

at the discharge end.

8.9 Realkalization Tank :

The filtrate at low pH (9.7) has to be realkalized with
fresh caustic to increasc the pH and residual alkali before pump-
ing to the evaporators. The dosage of alkali is pre determined
and the addition is necessary to prevent high klack liquor vis-
cosities and also to avoid lignin precipitation during concentra-

tion.




9. ON-JOB TRAINING :

Training of mnill personnel and laboratory staff was one of
the obligations in terms of reference. Although the laboratory
staff was well versed with sone of the analytical procedures used
for black liquars but methadology was not based on any standard
testing nethods. Labaratery staff wis trained in following arcas

during the coursc of desilication work.

a) Method of Carbonation :

Various steps involved in carbonation of weak black liquor,
nmonitoring of the pll, centrel of gas flow, visual observaticn on
onset of desilicatior, filtratior of the silica sludge and its
wasking~ were dencnstrated  on beth laboratory and semi-pilot

scale trials.

b) Analysis of Black Liquors :

For the desilicatien experinents, some properties  like
residual alkali, pH, silica content, lignin content etc. arc very
impasrtant  tests and need te be performed with greatest precisiorn

and accuracy.

1) Residual Alakli

Estimation of residusl alkali (RAA) in black liquor is
very inportant and need to be determined  carcfully.
Laboratory staff at Afysn were following a nethod which
usually give very high values of RAA. The laboratory staff

was given standard proccdores fer estimation of RAA which 1s




based on TAPPI standard methad. A demonstration on perfor-
nance of the test was also given. The detailed procedure is

given 1n Annexure-I1I.

11) Silica :

For estimation of silica, the laboratory staff at Afyon
nill were following a different method and normally results
on lower side were obtaincd. A standard TAPPI procedure was
explained and demonstrated to the laboratory staff how to

perforn this test.
111) Lignin Estimation :

Demonstration of method for estimation of lignin in
black liquor, washings and silica sludge was given. This is
an essential test for estination of organic matter co-
precipitated with silica. The laboratory had a
spectrophotometer - Spectronic 20, but the laboratory staff
did not know the method for estimating lignin using this in-
strument. Detailed procedure was given to the users

(Annex-2).
iv) Other Properties :

Accurate measurement of PpH, monitoring of pH during
carbonation, preparation of synthetic flue gas, determnina-
tion of carbonated liquor filtration rates, set’ling time of

silica sludge etc. were dencnstrated to the lab staff.




9.1 Literature :

Useful literature concerning desilication incluéing reprints
from periodicals and journals, CPPRI publications and repcrts
relating to desilication and testing methods were given to the
laboratory staff in order tc enable then to understand various

physical and chemical aspects of desilication process.

10. CONCLUSION :

1. Laboratory experiments and semi-pilot scale trials clearly
indicate that it 1is possible to achieve desilication upta
80%, 1in a pH range of 9.5-9.7 for the black liquor at SFKA-
Afyon Pulp Mill.

2. Higher temperature of 70°C and above facilitate better

filtration.

3. Carbonation of black liquors with solids concentraticn nmore
than 20% 1s not efficient and results in substantial lignin

co-precipitation.

4. Silica sludge obtained under optimum carbonation was easily
filtrable and had relatively lower proportion of lignin and

other organic nmatter.

5. The desilicated black liquor is stable and possess viscosity

almost comparable with untreated liquor.

6. The semi-pilot scale trials using the gas from recovery
boiler stack proves, beyond doubt that the technology imple-
nented at Hindustan Newsprint Mills, Kerala, 1India is very

nuch valid for application in Afyon Mill and the
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desilication technology developed for bamboo black liquor
in Tndia can alsa be employed for desilication of straw

black liquor.

7. The conceptual flowsheet develbped for desilication of about
1500 n® of black liquor per day, for Afyon Pulp Mill should

facilitate in design and development of production units.
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TABLE

0=t -9

PROXIMATE CHEMICAL ANALYSIS

Properties Wheat straw Lake Reed
(Afyon) (Afyon)
Alcohol Benzene Solubility,

% w/w 8.4 4.4
Ash,% w/w 5.3 4.0
Silica,% w/w 4.0 3.9
Hot Water Solubility,% w/w 10.3 6.6
1% NaOH Solubility,% w/w 39.2 39.0
Lignin,% w/w 15.3 22.6
Pentosans,% w/w 21.1 18.8




TABLE -2
ANALYSIS OF LIME

(Afyon Mill)
Properties Valuves
Loss on ignition, % w/w 14.90
Available lime index, % w/w 74.4
Silica, % w/w 0.3
Ash, % w/w 85.1
TABLE -3
ANALYSIS OF LIME MUD
(Afyon Miil)
Properties Values
Calcium, % w/w 35.5
(as Cao)
Sodium, % w/w 5.5
Loss on ignition, % w/w 33.0
Silica, % w/w 11.8
R,O % w/w 1.4
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TABLE-4

SILICA BALANCE

Particulars Silica in Silica going Silica in lime Silica load

B.L. gms, into evapora- Sludge, gms. %
tors, gms.

No Nesilication 1.43 n.89 4.34 98

After 7000

Desilication 1.329 0,026 1.303 29

\Mrer 3

Desilication 0,19 0,018 0.872 19,4

After 90

Desilication 0,143 Nn,0n49 0.434 n,4




TABLE -5
ANALYSIS OF MULTIPLE EFFECT EVAPORATOR SCALE DEPOSITS

Properties

P e T T A

Ash, % w/w

Loss on ignition, % w/w
Hot water insolubles, % w/w
Silica, % w/w

Calcium, % w/w

Sodium, % w/w

Mixed Oxides, % w/w
Undetermined, % w/w

84.97
15.03
96.80
58.49
11.09

0.52

2.61
12.26




TABLE-6

BLACK LIQUOR DNESILICATION IN PACKED BED AND SBR

Particulars

Packed Bed Column

Submerse Bubble Reactor

Initial_Liquor

pl1/3°C

Total solids, “, w/w
Silica, v/l

Residual Active Alkali,

Desilicated liquor

p'!/:l-’\”t"

Total solids, 7, w/w
Silicy, /1

Desi-lual Active Allali,

Sludge

Filtration, @in/500 ml,

u/l

v /]

Loss on ignition at 700°C, ™, w/w

Silica, “, w/w
Desilication, ",

12,1 11.8
12.3 13.8
5.0 6. 1
n.9 6.4
10,7 09,4
11.9 12,1
Nn.9 n,8
0.1 Mil
10,0 No filtration

15.0 18.0
75 75
82.0 47.0

12,1
15.0
.0

10,4

Cyoud
llG

77.0

10,3

1.0

Good
3.3

87.0




DESILICATION IN SRR ON MILL SCALE

TABLE-7

Particulars

Flow Rate 10 m3/hr.

Flow Rate 18 m3/hr

Feed Black Liquor

p'1/30°7

o Tw

Total solids, ™., w/w

Residual Active Alkali, u/l as Na20
Silica, ™, w/w on solids

Calorific value, Cal/s.

Carbonated Black Liquor

pt1/30°C

o Tw

Residual Active Alkali, ¢/! as !\‘:120
Silica, "' wW/w

Calorific value, Cal/um.,

Sludge
Color (washed sludge)

“loisture

Deslication, ™

12,5
20,0
17.3
.14
2.06
3110

S22 =2
oD -
19, ]

>
o

‘White
74.0
94,02
77.0

12.4
16,5
15.0
6.07
2.36
3510

10,0

15.5
0.1
0,45

3190

White

77.5
87.6
80,93




TALLE-Y.

RESUVLTS OF LABORATORY TRIALS

Test Carbonation Original Liquor Carbonated Liguor Silica Sludge bioelilx-

No. Conditions cation
Time  Temp.  pH  T.5.  WAA+  Silica  pil T.S.  RAA*  Silica Ash  silica  Silica
min. eC J0=C %,w/w g/l %ew/w 30°C %,w/w g/l Sow/w %, w/w %, w/w rGQOVul

1 80 80 11.5 10.3 7.75 2.46 9.5 14.2 4.03 0.02 40.7 - 67

2 . 85 80 12.7 9.7 8.52 2.90 9.7 9.7 0.62 1.37 56.9 52 67

. - 80 13.5 13.6 17,67 1.59 10.1 10.0 0.62 0.71 40.1 27.7 55

a. - 80 13.2  10.4  5.27, 2.12 9.5 11.2 0.62 0.50 73.0 60.2 76

5. 80 80 13.0 16.2 11.45 .04 9.7 15.5 2.17 0.83 46.9 93.1 73

*“RAA - Residual active alkali as NaaO

** Two stage desilication carbonation followed by lime treatment.




Table. 9

RESULTS OF SEMI-PILOT PLANT DESILICATION

E':-‘l cmm Initial Liquor Treated Liquor Sludge Desilication
Time Temp  pHl Solids RAA®* Silica pH Solids RAA®* Silica  Ash Silica Silica
(/1 as (g/\ as removal
Na,0) Nay0)
min  °C 30°C %hw/w “wlw  30°C Cawlw ow/w  Maw/w  %w/w )
1. 190 60 1.4 8.3 3.41 4.10 9.70 5.5 0.62 0.70 746 68.6 827
2. - 82 1.8 7.3 4,03 3.91 9.80 7.3 0.62 0.71 76.4 71.4 818
3. 100 80 1.6 7.6 3.72 4.12 9.70 7.8 0.62 1.50 759 70.8 63.6
4. 125 82 1.8 9.7 5.0 3.87 9.90 9.7 0.30 1.36 70,1 671 649
S. 100 82 1.8 269 22.30 3.78 10,19 19.4 1.24 0.05 59.8 56.5 98,6
6. 205 715 130 8.6 7.44 3.75 1615 9.1 0.31 0.17 91,1 875 9585

*RAA - Residual Active Alkali.




TABLE 10
ANALYSIS OF SILICA SLUDGE SAMPLE

Plant Loss on Silica Lignin Carbo- Sodium COD
Trial No. ignition ) hydrate

% w/w % w/w % wiw % w/w % w/w mg/
1
(unwashed) 26.0 65.8 11.4 11.4 - 29.3
2
(unwashed) 35.0 21.7 17.5 13.5 6.94 40.8
4
(unwashed) 39.0 46.4 30.3 11.5 12.1 58.2
S
(washed) 7.8 81.0 2.0 7.0 NIL 10.4
6
(unwashed) 39.1 53 24.0 7.4 1.65 44.6
7
(unwashed) 31.2 55.2 10.2 18.3 271.5 34.7
7
(washed) 9.1 82.5 0.9 4.6 NIL 6.2
8
(unwashed)  45.6 42.8 31.4 19.7 0.4 68.5
9
(washed) 10.5 85.3 0.16 6.3 0.1 6.9




TABLE-3y
REALKALIZATION STUDIES

WLW-&nw:Rﬁ-WM)
Desilicated to pH 98 (82°C)

e ———

Set No. 1 2 3 4
spent Liquor?, mi 50 50 50 50
NaOH added, g/l as

NazO 3.0 5.0 7.0 10.0
Expected R.A.A., g/l 3.02 4.62 1.22 8.62
Actual R.A.A. as

Na20. g/t 3.72 5.27 6.36 8.99
pH at 20°C 11.2 12.1 12.3 12.5

s Carbonated & Filtered black hquor was used and had initial
R.A.A. - 0.62 g/I.
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1.

2.

3.

Project Title:

Objectives:

Obligaticns:

-

ANNEX-1

TERMS OF REFERENCE

Improvement of the Afyon Pulp/Paper Mill

To produce more high-quality pulps from
indigenous raw materials like straw/reeds
at lower costs.

A team from a consulting company having
experiences in non-wood black liquor
recovery comprising a high-level inorganic
chemist arnd a design engineer will

~ visit the mill and carry out tests and
deterrmine how to precipitate silicid
acid by carbonation and pE control;

- carry ouz on-the-job trezining for the
laboratory staff in desilication;

- develop & concept and 2 firsc flow-
sheet for a desilication production
unic;

- develop a first flow-sheet for a cesilicaticr
production unit at their home-office.

Afyon pulp mill is one of the € pulp and paper
mill complexes of "SEKA™ Group in Turkey. it
vent into operation in 1978. The mill has bteso=n
designed tc produce 50.0C0 tons of tleached pulp
per year - using the indigenous raw materials

whest straw anc reed.

Initially, the mill could not run under stable
conditions cdue to several drawbacks in its
design anc operational practices. HLowvever, most
of these problems have been solved in the course
of past years and the mill is row in its streanm-
line operatior and heading towards cptirmum pro-
duction.

One of the scrious deficiencies that the mill

is facing is the presence of a high percentage
of silica (approximately 6 %) in black liquor,
carried through pulping of straw and reed. It
is causing a major sct-back in all the stages

of operation of chemical recovery svstem. The
cfficiency of chemical recovery has been limicted
to around 80 % besides high consumption of stear
in the process and lower steam generation per
ton of solids burnt in the recovery furnace.

Onc of the important factors is that the centirce
quantity of lime sludge (calcium carbonate) pro-
duced to the extent of approximately 15.000 tons
per year on an optimum production level, is being
cdisponcd off a« land-filling, since this procucs
cannot be reburnt to recover lime cuc to the
presence of silicate sales. 1In fact, the Afyvon




Language of the

Final Reporc:

Nucb2r of Copies

to be supplied:

Date of Delivery

of Final Reoporc:

Debriefing:

Mill is fully equipped with a lime kiln for
continuous operation.

As the present set-up of operation is sub-
stantially adding to the cost of production

in several aspects, it is imparative that a
serious consideration should be given to im-
plement a full scale black liquor desilicazion
plant prior to processing the liguor in Afyon
Pulp Mill.

The mill mznagement has requesced UKIDO to
assist in carrying out preliminary tests for
desilication of black liquor, either in lzbora-
tory scale or in pilot plzat scale before a
final decision is made for full-scale imple-
mentztion for regular plant operation.

English

10 copies

One month after completion of mission

Upon complericon of missicrn. one cayv
debriefing in UNIDO Heasdcuarters foreseer.
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PROCEDURES FOR TESTING OF HLACK LIQUOR PROPERTIES

The laboratory evaluation of black liquors for their chemical,
physico-chemical and thermal properties can provide information on
their behaviour during the evaporation and combustion operations
in the mills. A Detter understanding of these processes may also
indicate ways in which the special problems encountered by the mills

from various rav materials can be handled.

1. SAMPLING OF BLACK LIQUORS

1.1 Sasple Collection :- It must be always ensured that the sample
collected from laboratory ;>r pill cooks 1is representative of the
entire black liquor generated. If any fibrous material is present
in the sample, it must be removed by filtration. Semple collected
should be such that it completely fills the bottle. This ensures
that all air is excluded and avolds oxidative processes.

1.2 Sample Storage :- The filtered sample should be stored in

stoppered, narrow mouthed plastic bottles, preferably.'at a temperature
of around 4 C and away from 1light.

The peasurement of various physical and chemical properties
should be made as soon as possible after the collection of the sample.
Chemical analyses of the black liquor and the delercinatlon of resi-

dual active alkali, sodium sulphide and pH must be made within 48
hours.




CHEMICAL ANALYSIS FOR BLACK LIQUOR

TOTAL SOLIDS

1) Por veak black liquor :- 10 ml of weak black liquor is taken
in 3 inch diageter porcelain or platinum dish and weighed accurately
and immediately and than placed in oven mantained at 105:3°C for
2, hrs.Ccol in descicater to room temperature and weigh to nearest

5 ng.

X total solids = residue wt.
—— x 100
sample wt.

ii) Por concentrated black liquors :

Dilute thesample by weighing a portion of concentrated black
liquors to the nearest 0.05 g transferring it into weighed 500 ml
volunetric flask. Dilute upto mark and again weigh to nearest
0.5 g.

Total solids for this diluted sample is than determined as for

weak liquors :
Calculations :

Weight of diluted sazple

I. Dilution ratio

Weight of original sample

II. 2 Solids (diluted) Weight of dried solids . ,,q

Weight of diluted specimen

I1I. T Solids (Original) 2 solids (diluted) x dilution ratio

Apparatus :

Weighing bottles with ground glas§ stoppered with 50 mm diameter
and 30 mm weight.




Experiment Procedure :- Pure quartz" sand is taken as inert material
for experiments . Place about 25-30 g of inert material in the
weighing bottle and heat the bottle and cap in the oven at 105° C
to constant weight. Cool in descicater and weigh to nearest 0.C005
g- By means of pipette transfer enough specicen to weighing bottle
to ensure 1-3 g of dry soliés (for week liquors 5-10 g as such speci-
men is required, for concentrated and diluted as in method I 2-5
g of sp. is required). Cap the bottle and weigh to nearest 0.0005
€ 8dd 10 20 ml. water to specimen if it contzins over 30% solids.
Place the weighing bottle in oven cap-off eni hezt for miniruc of
6 hr. Remove and cool in desicater and weigh repezt this heating
procedure at 1 hr interval until the weight loss 1is less than 0.1%
per hr. (.001 to .003 g loss per hr). Make triplicate determinations.
Calculation are es in method II.

SUSPENDED SOLIDS

Take’ at least 2 sets of previously weighed centrifuge tubes. Teke
50 ml of well shzken black licuor in each tube and centrifuge ther for
about 20 pinutes. Take out the supernatent black liquor end given single

washing with distilled water. Dry the tubes at 105°C, end take the 0D wt.

Calculations
Wt. of OD empty tube = X gos
Wt. of OD residue in tube =Y gme
Wt. of residue = Y - X gos.
Suspended solids, g/l = X __ x 1000
P ' ml. of the l

sample taken




RESIDUAL ACTIVE ALKALI :

Pipette 25 £l of B.L. into 500 ml of volumetric flask containing
about 100 ml of water and allow the pipet to drain for its calibretion
period. Add 20 ml of 0.5 N BaClz, stir, and ellow to settle until
partially clear. Dilute the contents of flask to mark, mix well end
allow to settle until sbout 200 ml of clear liquid stands above the
precipitate. Pipette 100 ml of the supernaient liquid to a 250 &l
beaker equipped with a wmechanical or mzgnetic stirrers and titrate
imzcediately with 0.1 K ECl to a pH of about 3.5. Follow the course
of titretion potentiocetrically on the pH renge of a pH meter using
setureted calomel-general purpose glass electrode pair. Add the
titrant iﬁ "increcents | of fixed voluze, record the pH value after
each addition and plot the deta on the linear coordinates with =
as the ordinate and milliequivelents of HCl as the ghscissa Connect
the plotted points in & smooth curve. Gbtain the rilliequivalents
of acid corresponding to the end point by projecting the inflection

point near pH 7.0 to the ebeissa. )

Calculation :

R.A.R. g/1 as NeOH = milliequivalent of acid x.1x40

el of B.L. taken




TOTAL ALKALI

Add 10 ml. of black 1liquor saople to a beaker containing 100
wl. of weter. Immerse the electrodes of the conductance bridge in
the solution, stir continuously with a mechanical or a magnetic stirrer
end obtein initial bridge reading. For wmost black liquors a 1 c&
spacing of electrodes discs will be suitable. Add 1N HCl in fixed
increments of volume and take a reading after each addition, keeping
the tecperzture constant. Continue the titration until the change
in the bridge reading remains constent for five or six additions
of titrant. ©Plot the data on linear coordinates with reciprocal
ohzs 1s ordinate end milliequivalents of acid as abscissa. The curve
obtained will usually resecble a v with the apex flattened
or broaily rounded to locate the enc point. Extrepolate the arms
of the v in a streight line urntil the extrapolated segrments
intersect. The point of intersection projected on the abcissa will

give the millieguivalents of acid corresponding to the end point.
Calculations :

Total elkali g/l, as Na,0 = milliequivalenis of acidxiHx31

2
ol of B.L. taken




SULPHATED ASH AND ORGANIC MATTER

Procedure : In a platinum crucible 2-3 gms exactly weighed
residue/solids obtained from B.L. evaporation is taken and starting
with a cold muffle furnace, the residue is heated until the organic
material is mostly, but not cozpletely destroyed. The residue, then,
is cooled moistened with water, a drop of wethyl orange & concentrated
H2SOL is added till the indicator colour turned pink. The contents
in crucible, first dried on stesc both and then in muffle furnace
at 600°C till the residue turns white - colourless. Then the residue
is cooled in desicator and weighed. After weighing, again the residue
is moistened &nd a drop of rwethyl orange is added to see whether
residual H,SO, is left or not. 1f pink colour develops - indicating

L2774 .
the presence of residual H_SO, - repeat the ebove procedure until

2774
acid is destroyed completelythe residue is arbitrarily assuced to be
pure Nazsoa.
Calculations :

The percents of E.L. residue turnei to NaZSOL - expressed as
NaOH gives the inorganic matter present. the rest i.e. (100-inorgan-

ies) gives the orgeniecs.

Wt. of B.L. residue : 3.343 g

Wt. of Na2804 : 1.7504 g

Inorgerics i.e. sulfated ash, as NaOH (as % of total solids)

= Suifeted ech residues x 4O

x 100
Total solid residue x 71

= Sulfated ash residue

x 56.5 = 1.75x56.4 = 29.4
Total solid residue 3.3443

Organic matter, Z = 100-29.4 = 70.6




DETEIMINATION OF SILICA BY COLORIMETRIC METhuD

Principle : Ammonium molybdate at a pH4 1.2 reacts and produces moly-
bdosilicic acid. The yellow colour developed corresponds to reactive
silica present in the sacple. This molybdosilicic acid is reduced
to heteropoly blue by scino naphthol sulfonic acid which increases

sensitivity of the method.

Interference : POL' tannin, Fe in 1large conc., colour, turbidity
L
and sulfide are potentisl sources of interference. Interference

caused by PO, and tannin can be elicinated by addition of oxalic

4

aci<. The interference due to colour and turbidity can be cocpensa-

ted by using an appropriete blank.

Apparatus :
1. Colorimeter for use at €20 rcu providing 1 cm light path.

2. Nessler's tubes, cap. 100 ml.

Reagents :

1. HC1 : 1#1

2. Aonmonium molybdate reagent: Dissolve 10 g amm. molybdate and
dilute to 100 ml. Adjust pH to 7-8 and stcre in polythenzbottle.

3. Oxalic acid solution : Dissolve 10 g 52020 2 H20 and dilute
to 100 ml. Store in polythene bottle.

4, Stock siliea solution : Dissolve 4.73 g Na S3i0O,. 9 H,O0 in

27773 2
recently boiled cooled distilled water and dilute to 900 ml. Estimate

4

silica conc. gravircetrically eand cdilute accordingbto have 1000 cg/l
SiOz.

5. Standard SiO2 : Dilute 10 ml stock 8102 soln. to 1000 ml with
boiled cooled distilled water. 1 el = 10 pg SiO

solutions in plastic bottle.

5 Store silica




6. Reducing reagent : Dissolve 500 mg 1-amino, 2-napthtol, 4-sul-
fonic acid and 1 ¢ Na2803 in 50 ml water. Add this to a solution
of 30 ¢ NaHSO3 in 150 ml water. Filter through Whatmann paper No.,2
and store in a plastic bottle.

Procedure :

1.  Teke suitable vol. of filtered semple in nessler tube. If sample

is turbid or coloured prepare approximate blank as follows :

To the identical aliquot add 1 ml 141 HCl followed by 1.5 r1l

oxalic acid. Do not add ammonium molybdate or reducing agent. Dilute
to 100 rl.

2. Add 1 ml 141 HC1 followed by 2 ml amnonium molybdate. Allow
to stand for 5-10 min.

3.  Add 1.5 ©l oxalic acid tc¢ the sanples and mix well.

4. Add 2 ml reducirg agent and dilute to 100 wl. Measure the colour
at 690 ru after 10 min. using 1 cm path.

5. In case of clear sarple prepare blank substituting sample by

water and processing through all above steps from 1 to 4.

6. Prepere a stendard curve using standard silica solution covering
0.0 to 240 ng Si02.

7. Calculate the conc. from standard graph and express as Si0
ng/1.

2




DETERMINATION OF SILICA BY GRAVIMETRIC METHOD

The following procedure, or a modification desecribed by Bethge

may be applied to dried colid or liquid spent liquor. The
essence of the method is the destruction and removal of all organic
matter and the oxidation of a- inorganic material, including sulfur,
to its highest valence by digesting it with HNO3 and HClOA. The
result of the digestion is a clear solution containing all the in-
orgenic constituents of the original liquor with the exception of

silica, which is dehydrated and precipitated.

Pipet 10 ml of the black liquor into a 100 ml Kjeldahl flask,
allowing the pipet to drain for its calibration period for the black
liquor. ﬁinse down the neck of the flask with 10 to 15 ml of distil-
led water. Next add 15 ml of conc. HNO3 end 5 ml of conc. (70%7)
HC10/ in that order.

Warning : To prevent an explosion be sure to have the nitric acid
present before adding the perchloric acid. '

Place 'the flask on a steam bath situated in a.hood. If the
solution being digestzd suddenly darkens when the mein part of the
excess HNO3 has boiled off, stop the digestion immediately and add
more HNO3 (5 m1) before continuing the digestion.

Fote : A sudden darkening almost always indicetes insufficient nitric
acid and until the worker is familiar with the procedure, an excess

of the recommended quantity of nitric acid should be used.

When the oxidation reaction has subsided, as indicated by the
absence of red-brown nitrogen dioxide {umes, remove the flask from
the steam bath and heat over a burner with low to moderate heat until

the oxidation is complete, as evidenced by a colorless solution and




dense white perchloric acid fumes. Allow the solution to cool, then
add 5 ml of conc. HCl, and heat again until the perchloric acid fumes
appear. Allow the solution to cool to room temperature and add about
50 ml of warm distilled water to dissolve all the salts. If it is
desired to determine the silica, it is better to carry out the diges-

tion in a platinum vessel.

Silica : Filter off the silica on a szall filter paper of wmedium °
porosity and wash with 1:99 HCl. Collect the filtrate and washings
in a platinuz evaporating dish. Evaporate the filtrats and washings
to near dryness on a steam bath and add 2 to 3 ml of conc. HCl.
Add enough hot distilled water to dissolve all the salts and again
filter off the silica on the filter used previously. Wash the residue
thoroughly with cold 1:99 HC1 and catch the filtrate and wahings
in a 250 ml beaker. Remove any silica adhering to the evaporating
dish by wiping with a small piece of filter paper, using the stirring
rod, and place the bits of paper in the filter. Reserve the filtrate

and washings for determination of iron and aluminijuam.

Place the filter with its bits of paper in a tared platinum
crucible with cover. Dry the filter paper and smoke it off at low
heat with the cover placed at an angle on the crucible. When the
paper has been charred and-smoking almost ceases, increase the heat
to at least 1000° C and heat at this teaperature for onehalf hour
or more. Place in a desiccator with the crucible 1lid in place and
cool to room temperature. Weigh , remembering that dehydrated silica
is hvgroscopic, reheat, and weigh again to make sure that it is at

constant weight,

Csrefully moisten the contents of the crucible with about 2
ml of water, adding it from a pipett:inserted beneath the cover.
Add 4 or 5 drops of 1:2 H2804 and then add carefully about 5 ml of
conc. HF wmeasured from a polyethylene graduated cylinder. Place
the crucible in a hood and heat gently to evaporate off the HF without




boiling the liquid. Increase the heat to fume off the HZSOL' When
the contents of the crucible are nearly dry, gradually increase the
heat to at least 1000°C and bring the crucible to constant velght
as before. The loss in weight represents the grams of SiO2 in the
10 ml specimen.

Calculations ;

% of silica = gos of S:’LO2 100
ges. of B.L. solids




Estimstion of Lignin:

Lignin an important organic constituent of the spent 1liquor is
nor mally messured st 280 nm in the ultraviolet region. the UV spectrs of
the lignin shows peak wmaxima st 205 nm and s flsttened shoulder st asbout
230 nm  which is due to the presence of polyphenols in the spent liquor.
f xperiments ceorried out at CPPRI leboratories have shown that 1lignin can
8lso be measured at 465 nm in the visible region, which {s a selective
wavelength for color genersting groups. It is found thst values st 280 nm
and 465 nm are slmost identical. Since theere was no UV spectraphotometer
svailable at Afyon Mills, all the lignin measurements were carried out at 465
nm in the visible region. The detafls of the procedures is discussed below.
Procedure: About 2 m) of the spent liquor to be asnaslysed was diluted to
100 =1 in & volumetric flask. Absorbance of the sbove solution after proper
dilution wes measured st 465 nm. Lignin percent wes celculated ss follows

teking sbsorptivity of 88 1g’1c o' for lignin.

.nbsorbance st 465 nm x 40.56 x 100

gs x C

Organics (as lignin) £

(where C= wt. of the sample dissolved/lt.).




PREPARING BLACK LIQUORS OF DIFFERENT CONCENTRATIONS

Black liquors from laboratory cooks have 16X to 2271 solids con-
tents. The liquor is concentrated in a rotary vacuum flash evaporator
under a vacuum of 0.6 kg/cmz. For black liquors which froth badly
the vacuum is reduced to 0.5 kg/c:z. The rotary vacuum flask is
heated in an electrically heated oil bath maintained at 96-99°C.

Solids concentrations of 35X, 45Z, 502 and 552 are usually pre-
pared. A 500 g sample of weak black liquor is placed in the flask
and heating continued until the amount of water removed has given
a black liquor with a solids content of about 352. A sample is with-
drawn for viscosity weasurements and solids estimetion. Evaporation
of the black liquor remaining in the flask is continued, after weigh-
ing the flask contents, for the next concentration. The procedures

are repeeted to give the other concentrations.

All concentrations should be prepared on the same day. If this
is not possible it is essential that the last three concentrations
be made on the first day.




MEASUREMERT OF VISCOSITY

Viscometers usually measure either the drag or torque produced
by the movement of an element through the fluid or the resistance
to flow. Rotational type viscometers measure the torque resulting
from the rotation of & spindle inside the sample chamber. Capillary
type measure the pressure drop which occurs when & constant flow

of fluid takes place through & capillary tube of specified diameter
and length.

The rotational type is the more suitable for measuring the vis-
cosity of black liquors. It uses a much larger sample than the capil-
lary type thus giving & better representation of the black liguor.
I7 material precipitates during the concentration of the black liquor

this will tend to blcck the capillary type viscometer and will give
erroneous results.

This laboratory uses @& Brookfield Synchroelectric rotational
type viscometer (RVT model). It is provided with seven spindles
and has eight operating speeds. The minimum range of measurement
is from 0-100 cps and the maximum 0-8,000,000 cps. By using an ultra-
low adapter (UL) & minimum range of 0-10 cps can be used. The instru-
pent normally uses & sample of 500 ml but the fitting of a small
sample adapter (SC4-21/13) permits viscosity measurements to be made
using a sample of only 8 ml over the 50-100,000 cps range.

Viscosity measurements are made at a temperature of 80:0.05°C
using an Ultrathermostat (MLW) for temperature control. Any varia-
tions in temperature will effect the viscosity values. The disal
reading on the viscometer must remain constant while making the read-
ing. The bdleck liquor fed into the chamber is heated to 80°C to
avoid any hysterisis effects on viscosity due to heating or cooling.

The sapple collected for the solids estimation is diluted to

an appropriate volume and 10 ml taken for the determination of total
solids.




The logarithm of the viscosity values of the black liquors at
the various concentrations is plotted and the viscosity values at
the desired concentrations (usually 35%, 45%, 502, 55%) are obtained

froe viscosity curves.




FOAM INDEX

Foaminr character of black liquors varies for different black liquors.
Different black 1liquors show different foawing tendency. Foaming index
can be determined by following method:-

Method:

The methad is very simple. Vacuur is created in the vessel containing

black liquor by aspirator which pushes inside the vessel and creates foam.

Apparatus:
Gradwmtel glass vessel, Aspirator, hot water bath or thermostat,
glass tubes.

Procedure:

The apparatus 1s set up as shown in Figure. Apparatus consists of
graduated vessel of the type shown in figure (700 ml ceapacity) in which
10 ]l of black liguor sample is taken. The capscity of aspirator is about
500 =1 capacity with stop cook at the Lottom. The rate of process water
in the aspirator is to be ad justed to 500 wl/30 sec.

When the temperature of black liguor becomes the required temperature
using thermostat the system is checked for leaking and then the stop cook
of aspirator is opened to empty it by 500 ml water in 30 seconds. After
30 seconds or after emptying the 500 ml process water, stop cook is closed.
Due to the formation of vacuum in the graduated vessel-A connected to
aspirator - air comes through T, which produces foaz in black liquor.
After 30 seconds, the volume of the foam is found out and at the same
time the volume of the black liquor converted into the foam is calculated
by the difference in black liquor level before and after the experiment
and can be carried out at different temperatures. Each time fresh black
liguor is tacen for the experiment to avoid creidation effect.




Calculations:

With the above results, the foam index or foam number F and the foaw
coelficient Kf can be found out as follows:-

Foan index gives the percents of black liquor changing into foam
thus,

F = Vv X 100

Where, V1
v

Volume of black liquor converted into feam

Volume of black liquor taken for experiment, i.e. 10 ml

Foam coefficient Kf shows how meny times the foam volume is greater or

lesser the volume taken for analysis. Hence,

Where, Vr = Volume of foam.

A typical black liquor sample gave the following results:-

V - Volume of B.L. taken for experiment : 10.0 ml
V1 - Volume of B.L. converted into foanm : 0.5 m
Vf - Volume of foam : 150 ml1

Foan number F = 0.5 x 100 5
10

Foar coefficient K = A0 4
10
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ANNBX IV

PROCESS VARIABLES LIKFLY TO INFLUENCE THE DESILICATION PLANT
DESIGN:

Process control systems:

Sone process control eguiprnents necd to be enployed

for v - line moasurenents - f ovaricus irngertant proecess
poranesters, ta run the desilication plant efficiently.  pH the

Contr Tling parennctor for selective presipitaticn of silica re-
LT U LLourats Gt TInd Lniesus onit.r lngWlHenoe o=l nonitor
B beconies escent ool Although de<alicetaen plant at
poesent hae g provision foroen - line phoneasarenents, but the

. .

prol e ef o silica adbering to the glass mentrance cocuars quite

ften gaving erraneous pH o values. Froper nalntenance of the

oot e nees? b b Lo Tashed by ogaving Bt owetor flushing
T T - L. - 3 11
codapy ey e eles trodes ononoddle soiUllons perioadlca iy,

Performance of clectrostatic precipitator
The porfeornance of ESF has  a narked 1nflucence on the
eff oy of desilicataen plant. In ceso of FST failure the
coortictlete carrvever nothe flue gue ranges fror 15-50rgnd
,

v ofus. The sclide Sn flue go- will anorcaec the dnorganie

AR 1 £ the black Trgeor therehy  lowering the heating value

Variation in_Black liquor composition and _ its influcnce on
desilication operation :

Effect of Alkali concentration:
Wheat straw oot oo, an portacular contain high
crete L esdicas Th Mieslution of si1lica depende o the

g process and pulping conditsons enpleyeds Variation an




pulping conditions would alter the chenical composition of the
resultant liquor. Cooking withk low alkali (6-8° of Xaol ) will
produce a liquor with 1w amounts of Iigrnin and silica, due to

redused alkalinity the p8 will B vo Jower side. Altheugh co.

regquirenont £ BTl re Wil Y less ot te achieve the

rd
Frecipitation poant for o cilion woanld he di€F5c ult due to lignirn

*
Cosprecapitation at Dower pEovalu ot Howover in case of low

L]
Lappa nurber pulp the liguor prefucel will have higher silica and
lignin contents, hesidoe higher initial pi . co. regquasrenent for
sutl liquors will Lo op higher side. Due tos higher initial ik,
the silica precipitat ron would be cosrer and purity of sludge
chtained will b hoove o0 1o o ceps vienme thet precipitat son
Prsnt for silics inonon-s Iy vk rateriale lice hotween 9.% to
7.8 . Herce the liguor with Frglo imatlal ploand active alkali

. . . . -
will beocacier to prooece o et s e Lrecspiatat ren o ciin g,
The clornces of ligran Cospresipitatron in sarh cases is alwayvs

roninized due to its et ility,

Effecct  of lignin stability :

Agricultural residice are claracteriond by low lignin

Contert conpared to wocd oGt bt Lignin 1n spent ligquer is
colloidal 'in nature and ite <tab ity is dependent on the pHoof

. the black liquor, the  salt conoentrat son in the liguer and thee
noleculor size of the Pignin 'racronolecules,  Observations nade

' from experinents roveal that Vignins from straw are quite «table




" ‘®
cven at lower pH values as conpared to banhoo.Only 7.4 of total
lignin getse precipitated st pH level «f £.0 oo cose of straws,
L}
. whereas 307 of teotal lignin gets precspitated at a pH level of
8.0 in case of bamboo ligucor. Thus tio stability of lignin in
L 4
. black liquors, becones one of  the irportant factoers deterriining
the nature of silica sludge obtained ofter carbonation.
L 3
e
L]
L J




EFFECT OF

CO,CONCENTRATION ON FLUE GAS REQUIREMENT

Rla~k liquor

- i LS -
guantity

v,
b
s

swer Capacity
F.sxdual active

ir bhlack 1!

alkeli g 1 as

NalO ERTIN =

Total Residual artive &lhkali,in kgs-s

1400 n3 ‘dav

200C 1 "hr.

5

g 1

-

204dkgs hr.

Whern the €O oo neertretion 1s 57 (Recovery Boiler)
Total Cosin flue oas = 100 m® hr or
Total CoL reguired te
neatralize 294 kg o f Nal0O = 14% kg hr
Flue gas requircid 1420m3 “hr
Taking 60° Gas liquor transfer rates.

Total fiue goe regoired will be = 2030 r:® hr,
Wi the Cocorartration is '3 (Recovery Boiler)
Tetal €O, in flue gas = 280 »?* hr or °
Total CO, reguired to
nentralize 204 kg of NXaL0 = 147 kg hr
Flue gas  reguired = 518 n? bLr
Taking €607 gas ligqeoer transfer rates.

Total flue gas required will be = 723 ® L,
Bhon the €0; Concentration is 187 (Line Eiln).
Total CO. 1n flue gas = 260 n? hr or
Tatal €O, required to
neatralize 204kg of Na.0 = 145 v, L.
Flue gas required - 402 n® hr.

Taving 600 GCas liguor transfer rate

Tetal fluae 4. b

recaired will

Thue increasing the €O, concen

benefiesal fror the wiew point

high fiur gas antakes,

564 7

tratios in

hr

of foar pl‘(n}:l('r‘f—, Iyl

.

720 kqgs hr.,

fiar

(RN

ge.s 18

1ated with






