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ABSTRACT 

Afyon ~ill is onr of the eight rulp & raprr nill cor:1p I exes 

of SFf\A group in Turk,·:r prc1during .--hr·nical 9r.1dc· pulp!=-:, 

wheat straw and lake recd. 

fihr0u~ raw natrrials. 

ope rat inn has .&::h-rrs•-- cffc:-·t and d.-,. .... ~ nc•t pc-1-r1i t the· sn;,,-.,th 

opcratjon cf c-hcnical rf'rn\·r-r·:r sr···ti(·r;. ~rTd for desilic·.•ti<:n at 

above pulp niJl wa~ rcrngnisrd in 19A7 ~n~ r~n•ral Pulp~ Paprr 

Rf>s<'arc:-h In~tit.utr· (('PPRJ), ~.1l-.;;rar;p1n·, Tndi;t, i..-ith :it~ <'X­

pe r i rnr<' for n:..., re than 1 0 :rr·.-i rs 0 f rcs0a r·'. .. }: i 11 t hl' .:a rr·a cf 

Afyon Pul 1.• !'-til! .1n'.'l suhc:;r·qw--r.~1y ~n Jl)QO r'\TDO a11.-.:irdcd .1 ·-ontrac-t 

t.c: CPPRJ. 

a pC>ri,-.:-1 r,f r-•n'" ri:•n~•1 Cind r·:tT·r:ir·~ cut \\<H·k nr, r..-~i l i:-.iti••n nf 

hla~k liqu:-:r~, u~ing c-;1rl•0n.·1ti0n trc·hniqur· hr:th nr. J;d·Kir·;itc--ry .•nd 

scni-pilot sral<'. Thr result~ of dcsilication havr b0~n hiahly 

encouraging :rnd ~tudi<-i:. have• clc·arly· indiratrC! th.1t. it ls rr:~.­

sihlr to apply the dcsilir~tinn t~~hnnlngy d~v~lop0d hy CPPRT and 

at IIindust;.n !\r·\\·~:print J.initr·~. 

Kf'rala, 

findin9!-. r. f ... -.·d· ~- ;, r· :·if·'! cut !- •. crrr-1 "- r· 'i <' n t i !'-, t. !-. ;; t th;· F n" j c·:- t 
; 

site and hcinf"' '·ffi:-·r· .1nd ;1 1 sr, thl' propn!'-.c·d f 101"." s hr·r~ t. f ri r· 

d<'si I ic-at ir-n r·l .-il.t <tf sn::'\. Afy-:-:r. r·ul r r: i 11. 

INTRODUCTION 

i n ['\J 1 r· i n 'J 

;, ri Cl ~· ! , , r· · i ~· .- . 1 r· 1 ····I· '· r· .. , ~rd y f' r .. r f, l 1-.i1n. ,.,., .... 

rr·c•Sf'fl'"f• ' f 

<., i 1 j ("•I 
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Afyon Pulp Mill in Turkey is facing proLlens due to sili~~ 

1n the bl~~k liquor. Re;:o\·ery unit r:•f th(· r:i l ! i., not funct ior,-

ir•'J !':.:-1.::othly. D(·spitt:· the high purity t.'lf line fton n•tary I i ra · 
k i 1 :: , nill is f:-Hc-ed to dispose about :c, 000 tcnr-..:·5 c·f 1 . 

.J lrl•:' 

r1ud, annu.i ! 1 y, 

. :., :h· .; :-. t ~• ':V .. .., c. f 

d:u tc• presc·n:--e of high si 1 ica ::. n nud • 

cpL' r;tt i en of unit~. 

in::- r;_·.:ised 1 ife of r·rocess equipnent~ ~.:1d P<)S-

~i?::ilit\· cf n:l:.un1in9 c.f line nud for olitainir19 liru~·. 

[!forts for rC'r"!~-.. -.-d of silica <desilication> frori blac-k !iq-

sin:: r.· I .a~ t 

[l,~..,1::,_·.::t1on by c.::irl1::•nation and line trc.-.;tnent are the t~o ""id ... !y 

. i ! ( :: r". ~ t .. ~~ :·. ' _, 
~ ....... L. • , l ~ l 

t i \ ( 

pr1•.··i1•it.:-itil'1n i:·r.:1blr.·:~ CPPRT ! f! 

The step~1&c carbona-

is thr.· kr·y 

] 'l8"' 

c.tt ll1r1du .. t.:1:. \, . .,..!-.l'!·.irit Lir·,jfr·d, t:C'r;d;i, India, ancl th<· n.·~u)ts cif 

c•n1_· yr:.·.tr tri.:d runs C:trr· highly encouraging. 



Thr objrrtivr of thr dcsilication work at. Afyon Pulp ~ill, 

Turk<'y, is to investigatr, whethrr it is poss1hlr to apply the 

carhonation technique dcvcloprd by CPPRI fer baf:'lhoo bl ad: l iqunrs 

to stra~ black liquors produced at above pulp ~ill. 

Thr work at SFKA - Afy0n mill 

p.1rts: -

Work at Projrct Sitr 

is thus divided intc t~r 

a> Ll},:-;ratnq· studirs on blar.k liqur:r d0sili:~ation using syn-

tl1c-tir f]ur· g.-i~ t.r: optini~.c· Frnr<>s~ paranPtcr~. fc:r dr~ili1·,-,t_inr1. 

}-} Tr in~t~ll a scni pilot plant unit us l n1 suhnr·rsc· hubb Ir· 

rc;;:-!r:1· t··:-h;-,r,J:-:gy ;tn~ f(: c-nndu:-t drsiliratirm r·xpcr-)r.r·nts u~.1ri9 

thr· r-rcir··cso;. p:1ran0trrs dPvclopcd in thf' lah(;r.~tcr·~-. 

:--l Tn 1np:1rt on-job tr.:lining tn the:· rnur.trrp:1rt 

~taff. 

Work at Homr Officr 

;il Tc• analys0 \·arinus sarirlr·s, r·(:ller.tr·rl in thr· Sff:.:'\ .:\fy,:·n f'll11• 

'::ll d:1r-ing df'siJic·ation expr·rinrntc.. 

Prr·r") rat inn nf 

r-) f'1·r·1·11·;1tinr. of initi;il r·r,Tl('<'pt 

sn;:\ .:\fy<·11 ~till ;-;:;:-i t.c: r-:·r·p:1n· 

:L · o;.. 1 l ! r· :1 t i r : ; p 1 iJ n t • 

- . ~ 

rif dr·i--.ilir·;,tJr;r: pJ.-1nt f(·i· 

a flca,·-~.lir·f't c·f t 1:<·: :··:J .. ,'.-r·r! 
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Following tf'ar\ of sc-iPnt.ist.s fr0n CPPRT work<'d for the- l'~IDO 

Project in Turkry. 

Project Arca 

Or •. l\.C. Knlkarr.i 

CTc·an lc-.1d<'r) 

n :· . R • ~: • !'-t.-.t h u 1· 

Home Office 

Dr. R~jrsh Pant, Dirrrtor 

Dr. A.G. Kulkarni 

['Ir • R • '1 • ~1.1 th u r· 

Dr. S. ~aith..Jnj 

Mrs. Rita Tandon 

During the course 0f dcsilicatinn wnrk at Afyon rulr Mil], 

CPPRT teaM was joined hy ~r. P. Rajasckhara, Consultant & Techni­

cal Advisrr to U~IDO. 

Th~ CPPRI h..1s tn fulfil thr nhligation given 1n Annrx-I. 

This rcpcrt ro\·rr!'-. thr· rr·!"-.ll}t~ & findings nf lahorfitci-y and !"r·n:i 

pilnt sra]~ dr~ilir~tj0n wnrk at Afyn~ Pulp ~i!l, ~n-j~t tr~ining 

gi\·cn to p<'n:.onncl ,,t .l\fyor. Pulp~~ l 1, suppcrtin] ,-;r,.1lyti(·;,] w<:rk 

carri~d out at h~n0 0ffic~ an~ th0 cnn2rptu~l f]0~-~h0rt nf 

prr,p(;~c·c cl('~ :i 1 i r·;1 t i ::.n r J .·rn !. fr·: 1· the sn:.'.\ .:\f ·y::-1n ~ i l l • 



THE SEKA GROUP 

Thr SEKA Group of nil ls arr Governrnrnt controlled pulp and 

paprr mills in Turkey. Thr grouF has eight pulF and p~pcr ~ills 

~hich produce various grades of papers fron different ra~ 

natrrial~. Thr SFKA gr0up canr intn rxistancC' in thr yrar JQ?6 

~hen thr tctal production ~as about 4000 tonnes'year. and ~ent 

uptn 3C7,271 tonnes ·year in the year 1988. The prrsrnt a~rragr 

per capita consumption of paper in Turkey is ahout 16.~ kg. 

1. SEKA - AFYON PULP MILL 

Thr SEKA - Afyon nill is thr on1y Mill anc"ng th.·· i:p-cit:p \,;hich 

uti l iu•s "'°hPat st.ra~ and lakr rred to producr hlcarh<·n d.rn)c.1} 

Fulp. Thr ratio of ~heat stra"'° to rrrd is 70:10 and thr annuai 

produrtinn caparity is 50,000 t.onnl'.'S of pulp. 

1.1 Pul?ing 

Mixrd pulping of wheat stra~ and reeds )!'; rarried nut \o\ith 

15'. a-:-t.h·<' alkali in l\anyr· r·(•ntinll(•IJS digc·strr. Th(' a\·r·ra<Jr un-

! 1 • .:1:--hf'd ru l p produrt i (.r: 1 <-: 110 t onnr·~ Ff' I" n.1;·. r.. ' .. 1
• : • 

b.1th r.1tin nf 1:1:5 i!=> n.1int.ain<·d "'°ith ci tq· tr·r.p1·ratun· nf 

t'nhlr·:whc·d pulp yir·ld is abnut 4~. p0r rr·nt. Thr· pulp 

Thi· c hr·n i '"1 l \o\,H:hin<J 1!". r-arriC'd out 

lcH-;!';<'l'-. ,-irr· ,1hout 4 kgttor:r:f' C"lf pulp. 

h.ts about l O': snl j d~ ccirwr·nt r.1t 1 c~n. 

t.\<'ak bl.-:ir·k l 1q11(•f" gr·r11··r.1t.rd 

Th.-. 11r:~ !<·.1· !.•··1 1·1111· 1~ 

t•lf"'arhf'd hy C""OnVf'ntion,1} rfflfl !';r•qur•nc-<• to hr·in~I th1-. fin.-tl }ll·ight­

nr·!".l'- tci ;1 )C'\'<'1 of 8'.i~ l~O. 

r-, 



' 

]._ Chemical Recovery 

r 

·. -h 

fir:.11 

I ypr 

l . 

1 
•I 

• <. . •. 

- '? .·• \ • 

. :. ·::-; .. ~·-" t t·:~ 

- ; '-" ~ t ';~ 

. :- ·.·.·;--\.· 

r l .- t- • . ' .. -· .. ' 

., ., . 
.J' •• - -

~ . . . : 

; -~I- ~. 

:?. ~l'ed for OC'silicat.ior. 

~- . . ' 
. ; ~ . .. ; . : . ., ~ 'I 

; ,:. 

~=tround 

r111·t hct· concent ra-

': . .=, c..-

The bl ::.:·k 

1 n 3 nf fur:·l , .. l 1 I~.--. r 

t ~·1r~?-~,~· 

<. - -l • .... , ... c 

( f b;. ! i ;·~ -

r !:1.·:-~J: 1 J:j:;.'" ~·!id~. 

( 

• t- ... . ' , -·' . ~ 
.._ •• 1·· t hr_ 

. ·-
i·;1lr·::1~1 r:-.cr . .-·~-~ i1r11·1 ~ul'-,• -

<-.~ •.• ,/·<-. c,f c:!.,...·rn c;, l J'{•Co\·1.•ry. 



The n.'1tC'rial balancC' of silica in the chenical rero\·cry loop is 

g1n~n in Table-:-..4. 

tions are :-

The problems caused by silica in ~arious sec-

2.1 Evaporators Performance 

It forns hard d~posits on thP evaporator tuhc "'alls "'hich 

sonetincs get hlockcd reducing thr hC'at transfer fnr cffiriency. 

This cals for frequent nechanical or chcniral t reatl".lent. The 

analysi~ of evaporator sca]Ls is given in Tahlr-5, ~hich sho~s -----
that silica is its ndjor conponent. Th~ scale formed due to 

silica adversrly affrrt thr hC'at transfc 

equ.it ion 

acccrding to follo"'ing 

\>l.'hcre Rs is heat transfer and 2>s, 

its heat conduct i \'i ty. 

& 
} •'::. are s~al(· thickness and 

2.2 Recovery Boiler - Life & Efficiency 

Silica \>Ohcn firf·d int(1 t.hr· rcrn\'f'.J")' br·ilr·r ferns hard be-

2.3 Causticization Stagr 

s i 11 c·;1 rr-.:irt s \«'i th pa rt 

n:- lir1<• fnrning c·;1h·iun silir·.-1t<' ~hiC'b i~ sl(I~· sr·ttling and ud­

VC'rsrly afff·cts th,... \l\hitr· liqur.r r·larifir.1t ir·n. 

7 



2.4 Lime Burning 

The lime mud containing silica cannot be reburnt due to high 

percentage of silicates ~nich form rings on the ~alls of the lime 

kiln in presence of alkali. The lime ~ud generated 1s disposed 

off as land fill and as a c-onsequPncc poses serious problems 

like: -

High cost of transportation by lorries; 

Requirement of open land for lime disposal. It has been es­

timated that for an average production of 100 tonnes lime 

nud 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 line nud disposal. 

There are anpl~ chances of contamination of ground ~ater and 

surface watl'r due' tn the· presence of s0diun :in the lime mud. 

The line' mud contains about 2-3~ sodiun <Table-2> ~hich is 

also dispcis<·d ."llnng\\ith the lime mud. 

3.0 ADVANTAGES FROM DF.SILICATION OF BLACK LIQUOR 

P.y gcin9 in f(,J' dc~ili('.1tinn, ffilln\\inc:i ad\·,:rntagcs arc going 

tn br! ac-h1(·\ed. :-

i) Improved evaporator performance leading to increased steam 

econony and h:igh~r fiolids conr·r·nt.ration, 



ii> Reduced do~n tine and increase~ life 0f cvapnrat0r tanks. 

\") 

Reduced do~n tine and 

Possibility cf inc:-reasing th.:· dryn•·S!-> c,f }in .. r.:!:'! 

qucnt rcburning and rNyc-lir.•J of llTli' rmd. 

3. DESJLJCATJON MP.THODS 

. . ! \'. . 

( ] ) In\-c:}\·1r1'J [ 1 rr·--1pit.::.tinr1 .-.f ~il1:-,· :1~. Jn"- lu! ] .. ·-

tr<·.-,~ 11•·_, v.-1~h c.-;t)nn~ Jjh· ('. -- .-:r;:·: _,1--

( :> ) 

1n prf'"ipit.11 :"n ~.f' 1 ' 

( S.1\G l • 

fl 

t ~ .• -. ! : " •. ! 

-...- .... 
• • ~ ! 

t!. 1r, 1r-

tr·: ·r.r: 1 q;:.-" 

1· "' 

rr-~ 1: l t c.. 

I ·• 



- -----------------------------------------

4.1 Methods Involving Precipitation of Silica by Cations : 

Limr trratrnrnt for drsilication ,,..as extensivrly studied by 

various research groups. This nc-thnd, hn,,.-c\.·cr, c:rtild n::-it gain 

comnercial significanrr, as nassivc quantitirs of linr ,,.-a~ rr­

quired and it has been rc:-portcd that as high a!:> 400-600~. of c-al­

ciun oxi~" .-..) silica, is rwrdrd dPprnding upon thr ncthod cf 

treatment (]). Studif's rrndurtrd at an Indian p~prr nill 

rc\.·calc>d th."it filtration nf ralc-iun !=iilicate prc·rip1tatr p(•S<·s 

several problcns <2>. Thr stunie:-s C'(}ndur-tcd usirag bauxitf' 

4.2 Methods involving use of Acids/pH Reduction 

f\y ]0~Tring th<' pH of thc hlack liqunr, si]iratcs arC' c-on­

vertcd into insnluhl0 p~!ynrrir anhydridrs of silicir arid gel 

<SAG>. Thr rigtir(·-1 sholl\~ rit•ch.:rnisn nf silica precipitation. 

Two ncthods arc generally enploycd for pH rrductinn :-

a) Addition of nineral acids; 

Addition of ninr·r.-tl arids \,;,H; not fnund tn be· f.>uitablr br·­

caus~ of niff1r11lti0s in rr:ntrnllin1 th·- thrcsh::ilci rJJ .:rnn ;,s .-1 

corisr·quencc·, it 

,,.-it~ silica. 

l (I 



4.2.1 Silica Precipitation by Carbonation 

Carbon dioxide is mildly acidic and therefore pH reduction 

using carbon dioxide is slow and controlled. Various methods 

were studied to carbonate the black liquor in order to find the 

most suitable raethod 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 acicif ication in some pock­

ets. 

~.2.3 Carbonati~n in Packed Bed Column 

Direct bu~bling method suffers fron 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 absorptiofi columns are normally 

used for reactions involvi~g gas-liquid tran~fer oper~tions. 

Packing materials like intalox ceramic saddles, Raschig rings, 

Pall rings, Berl 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

precipi tated lignin. Heavy foaming and localised carbonation 

were responsible, in lignin precipitation. Deposits of silica 

11 



and li9nin "'as also noted in the packing material. The rate of 

carbonation "'a~ '\'C'ry fast and it "'as not possible to carbonate 

uniformly. 

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

Reality : 

All the nethods disrusscd above havr onr najor di3advantagc 

that massive lignin rn-preripitation occurs along "'ith silica 

whirh makes the filtration of silica sludge difficult and at the 

sanr tine significant loss of h~ating value from black liquor. 

At this stage, the idea of Submerse Bubble Reactor (SRR> "'as con­

ceived. A typical lay-out of SBR is illustratrd in Fi~urc-~. 

In this rractnr, thr liquor to br treatrd "'ith gas is circulatrd 

t hrnugh a pump in a tuhul.lr syst.t'"'n. The C0 2 gas fror.1 the rom­

prrssrd gas rylindrrs er fron thr rcro~rry hoilrr is injrrtcd at 

t hf' uppc r· 11 rnh of t h<· tub<· • Thr· 1i quid nn it s do"'·n"a r·d p.'l t. h 

sucks in the gas in thP fnrM nf disrrcct. bubbles. The shearing 

;1c-t inn of the· fln"'· "'nrk~ thr gas t:uhhlc-~ in ;1 knr;1ding fashion 

continuously exposing nrK gas liquid intrrfarrs. This ccsults in 

sh'" rc·durtion of pH. It "a'-. .-il~n nC1trd that sludgr ohtain<"d in 

this react.or is light r0}ourf'd and can be "'ashed to a whitr 

(·nlourc·CJ silira. T.)blc·-(. !=:ho"~ thi-· cor1p;1r;Jtivt· account (if t"'·r: 

liquor carbonated on parked L~d roluMn and on SBR. 

1 :! 



5. COMMERCIAL SCALE IMPLEMENTATION OF SUBMERSE BOBBLE REACTOR 

TECHNOLOGY AND OPERATING EXPERIENCF. AT HINDUSTAN NEWSPRINT 

LIMITED 

The laboratory technique of desilciation using SRR tt:'chnol­

ogy •as scalrd to drsi9n and construct a nill s17e prototypr 

desil1cation Flant capablr of processing about 40 cul1ic netrrs of 

blat·k liqu('>r per hour. The· plant •.H .. in~t.dl<'d .-it Hindustnn 

~e•sprint Linited (ff~L>. Kcrala. India. The plant brcanl"' opera­

tional by May 1990. 

Thr desilication plant at HXL has three subnerse reactor 

tanks ronncctrd in series. The first reactor tank ha~ t•0 suh­

ncrsr reactor heads and other t~o have one subncrse reactor head. 

Tlw pH of thf' black liquor is redur·ed in the subr.u:·rst"' n·,·tctc'I· 

tanks fron l~.O to 10.0. The tcnpl"'rature of the reactor l~ 

70-80°C •hen tht:> desire>d Jr·\·el 0f pH is achieved in th~ third 

tank. the liquor enters the hot rrtention tank. ~here the silira 

flocculation takes place. The liquor is then filtl"'rrd on ~ 

horizontal belt-filter to separate the preci?itated ailica frnc 

thr nother liquor. 

Operating Experience of the Plant 

The ~cak blark liquor from the cheraical pulp nill is frd 

tn th0 cir:~ i 1 iC"ation plant. the Tahl<'-7 records th,.-. d·:'.'-•· ~-·.· •' · 

nadr ~hrn flo"" of black liquor "as maintained 10 and 20 ~ 3 'hr. 

ThP. ""cak 

propr·rt i r~· 

cent ration 

bl ark 1 iquor has 

) . (•. pfl 12.4-12.5 

lS 15-17 0 Cw/~)• 

almost 

at J0°C. 

Si lie-a in 

thr sanf' php; ico-chemica l 

Thi· t ota 1 snlids ron-

black liquor· is about ~-4 

q'l. Tlic c-;1rh•"ri.1t,.-.c~ liquors sho~ a pit 10.0 "ith rh~11f·c·d alk;di 

at l<·~s than 0.3 gtJ. Th,.. sludg<· obtainP.d in the t ... o rasl"' is 

~hit <· in col nu r. Thr ash ront~nt if, abnut qo'. and abnvl"' and 

l 1 



silira in ash is abuut 90~. In both the casrs foaMing in the 

submerse rcactnr tanks is nodcratc. Extent of drsilication is 

ahout RO~. Heat loss in black liqucr dur to drsilication I~ 

only narginal and black liquor obtained is 10~- a ·w. Th" 

rr~ult~ indical~ that the piant rffi~i~ncr is nnt affcctrd ~ith 

rhangc in the quantity of b!~r~ liquor to be carbonated and prac­

t ica 1 ly sini lar proprrt irs of carbonated hlac:-k l iqu:-ir and sludgc 

arr obsrrvcd ahrn volunr of fecd liquor is doubled fron 10 n 3 'hr 

t0 ~o n 3 'hr. 

6. DF.SILICATION WORK AT SEKA - A YON : 

6.1 Laboratory Dcsilication Trials using Carbonation 

I.ahor.-itory dr·siliratinn trials •<>rr· ronduct.f"d at the SFK.:\ 

.:\fy.»p r.i 11 to c.·~t.iblish thr> inrc·rtant r·~·,,~,.s!'-. [·.-tr.lnf"'tr·n=; lik(· : 

Optinun pH level f nr na:l':inun df"silication, without 

Fr<.·ripit..>ting lignir1, 

~:t.1bi 1 ity 0f 1 ignir. <tt ... .-a~·ious pH !r>vcls, 

Filtcrability of carhonatrd black liquor using a filter 

p::tper and a ,.-,-jl ~•·lr• r·unf-', 

Charact~ristics cf carbonated liquor - chang~ 1n RAA level, 

1_:•!?, tr:t.-.J ~nlid!-., ~p<·c"ifir- gr,-1,.·ity and silir·a rcnoval, 

14 



Characteristics of silica nud - physicdl appearance like 

colour, naturP of the po"'dPr, lignin c-ont<'nt, silira c-ont<'t, 

etc. 

These properties "'rre c0nsidrrrd nerrssary tn rstahish thr 

suitability of dcsilication prorPSS and t~ lay do"'n thr prorrss 

conditions for a seni-pilot desilication plant. 

6.2 Arrangements for Carbonation 

Sirnplr arrangcncnts "'ere nadr for lahnratory rarbonation 

studies. Synthetir flue gas "'as used for rarhnnatinr: as a sub­

stitute for boiler flur gas. Ca~hnn dioxidr fron thr ronprrssrd 

gas cylinder and a1r frnn thr nil! r0n?r0ssed air supply line 

"'ere blended to grt a nixturr rcntaining 10-1~· rnJ All carhona­

tion studies "ere carriC'd nut at the l iq1:c-r· trnpcr.1ture 70°C .. as 

r..aint.<:1ined by using <s hc't Fl ate. Agit.-it ion "',1s pro\·idc-d by a 

variable speed rigid shaft st1rr~r "'hirh sinultaneously served 

the ir:tportant purpns,.~ l ik.-· : -

Distribution 

gas injr·:::-tinn 

tribution of 

l nation. 

of gas bubble!'> into the entire· solution as the 

l~. ;tf ,,~,. 1•<11r:t in th1 .. liqw··r-. Quic·k dis­

the gas is necessary to avoid localised car-

Maintaining uniforn tenprrature in the vcssrl. 

Assists partirlc to particle cnntart, nnrr ~1lica floes 

start to prrr·irit:st<·. 



It also helps to su~side foam which is generated in the ear-

1 ier stages of gas liquid interaction. 

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

6.3 Materials and Method 

Rcpresentativr sanplr of fresh hlack liquor were collected 

fron thr Karnyr digester for each trial. About J litre sample of 

the liquor was first hrated to 80°C, which was then carbonated 

using a strady, gcntlr flow of th~ synthetic f)uP gas. The C0 2 

concentration in the synthetic flue gas was maintained at 10-12~ 

to keep it on par with that of recovery boiler flur gas. The pll 

of the liquor was monitored and recorded continuously. During 

thr initial stagrs of carbonation th~ pH rrnains steady due to 

high residual alkali level in t~~ liquor. Oner the excess alkali 

is neutralised then thr plf drops stradily. Carbonated black liq­

uor samples were collected at different pH levels for testing 

filtration propertir& and the extent of desilication. Original 

spent liquor and carbonated liquor were analysed according to 

TAPPI stand~rd an~ silira ~as estimated according to CPPRI 

nethods <Annex-~>. 

6.4 Results 

6.4.1 Foaming Tendency 

foan grncration is noticed in thr earlier stages of carbona­

tion. Thr quantity nf foan genPrated deprnds upon the initial 

liquor rcncrntration. ~hr.n the black liquor of low solids was 

rarbonatrd, fragile, unstahlr foan was grnrratrd. When thr 
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~(•lids concentratJ(.,r: nf t! .. :1qu· .. r t::cecdcd 15' ... the foari gt.-.ner~.-

In:'ri:.u,i; •_i th·:- rate of agit<tt it•n hc]p!; 

6.4.2 pll Rrduct H>n .rnd PrPc-ipitat 1on of Siljra 

+ ;. 
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liquor showed that the liquor possessed a high pH, sometimes more 

than 13.0. The total solids concentratinn was bctwce~ 9-13\ but 

normally was about 10%. The liquor also showed a high residual 

alkali concentration in thr range 0f 8-12 gn'litrr. Silica con­

tent, as determined on black liquor solids va1·icd between 1.5-

3.5\, depending upon thr raw material ~onp8siticn. Dur to high 

pH and residual alkali, it is experted that thr lignin in black 

1 iquor arc morf> st.all} C' duf"' t.o thr fart t h.1t. Pnnugh al ka 1 i con­

centration is there to prevent lignin r~ndrnsatinn and also 

sodium lignates are prcLcnt which arr norr hydrnphylir. This is 

expected to help in selective desilication c-f the black liquor. 

The Tab]e-8 also depicts that carh("m:ltc.-d liqucr pll •as normally 

9.5-9.7, which is en thP lower side a~ conparcd to that for bam­

boo and reeds <3>. Th<· R.A •. l\. of carbonated liq1rnr was gcnPrally 

reduced below 1 g/J. Thr silica ronrentration was generally 

rrtiuccd he low l ~ ( w 'w) dppr· nd i ng upnr1 t hr· c·nd pH, r. g. whrn pH of 

carbonated liquor was 9.5, upto 76~ d0si!i~ation was achiPv~d 

•hrrcas on) y 55~ si l i c-a was rcno\·c-d whrri the· pf! r:f c-.1 rbon.-it rd 

liquor was 10.I. 

In the laboratory desilication trials, snnrtinrs there is a 

tendency of lignin c-n-pr<·riFitat ie::·; dur· tc· ]<-,.~.1~ o\·c-rc.-irhonati(;r. 

as the bubble size during din .... ~·t hubrling i~ J;Jrgc·. This c-ausc·s 

prohlc>ms in fj l~ration and furthr·r c.-1rbonat i(1n h:d tc he tf'r-

ninated due to poor filtration. Thr pH arid annunt c:f si 1 ira 

removal results indir-.1tc· th.1t gc:cid dr·~.i I ir·,1t icn i~ pnssiblr at pfl 

9.5 to 9.7. 

6.4.J Silica Sludgr 

t!ndf'r th~ optinun df'~lJicatinn r·r.nditionC\, it •~. inpf'r,'lti\"<' 

tt1.1t t.hrrr 1~. a h1gh c·xt.c·nt r,f rk~il1~·.it H:r• <P.O' . .-.r.~ ;)bnvr·) ;1t 

the sanr tinr· silir..1 ~lll~'J'"· ~.hnulit b·· frr·r· nf nrg:1nic ir:1puritir~. 

1 fl 



The analysis of sludge at various pH Jevc)s and in different cx­

p<'rir.wnt s rr\·f'al that un«!rr 0Ftirnm t-cinditic:ns c:f pH ( q.7) the 

s)udgr is rr)ativcly frrc of organic natter anJ shows higher ash 

.1n:i s i 1 H-.-, .-,int rnt • .:\ ['t"'rus.1 I of t hr Tahlc·-8 !"<'\·ca Is t h.1t ash 

rnntcnt 0f the sludge is upto 75". 

Thr· lahoratnry t,·i.!~~ rl0arly indi:-.1t1- •_h.·tt it 1s p•-issil:lc 

to .:whi<'\"t:' d0silication on:-r 10·~, in th.-• pH r.1ng0 of 9.5 to 9.7 

(tl1·.1s\ir£·d at ~oc> Jt an opt ir.mr1 t.-·npr·r·aturc of 80<>C. The 

desiliration Kas cqually good for blark liquor solids range of 

10-16" K ·~·. 

7. L~SJLJCATJON USING SEMI-PILOT SUBMERSE REACTORS 

T,...o stagr· glass suhnC'rsr· rt"'.lrt :-:n:; f1•r sp£·nt 1 iqunr r-.11·b(1na­

tion was usrd in CPPRI for desilication trials. As the glass 

suhncrs<' co)urms and itC-rf'ssor11's could nnt hf• tak«n tc Turkey 

fron India, it i..as dl"'rided to c-onstrur:-t scni pilot rractor at 

;\fyon ni? 1. 

7.1 The Semi-Pilot Plant Unit 

Th,-. s<'n 1 -pi l 0t p I ant c·c:ns i 5trd of two rcactnr c-0 l urnns made 

of ni ld i:;tr·r·l, 1-.tr·h 1.6 nrtPrs in lt:'ngth and hitving an int<>rnal 

di~nl"'tf·r nf 1~ <"'ns. Thr dl"'t.ailf'd Fi lot plant !'id up lf\ showl" in 

Figurr·-4. fa<"'h <"'nlunn h.1d .1 volur.1c 0f ~6 litrrs. Four glass 



colunn were provided. The windows were opposite t•· 

that visual observation un size of the hubhl~s. ~~L 

flow and foan could be nadc. 

The a~. i a I punps ~.-,_.re di· i \·,•:o. by ~ ~: n: 

f ! ;. :\•_ t 

! .· . , 

c;;p.:1l.1e r:f punp1ng .;~.-47 litre~. cf spc:.t l1<"jd•·r~ J· 

9.::.s injection port .:.sse-r.blr h.3S d . .-si•:i:1e<~ 1!1 ~:!' :. 
r "-.. :: l:·. .;... 

t \\ . f ! :-_' t .·. 

each other tangentially dt 

an:~ l .n n:-: opening~. 

f1·r 

fr.: .. ;: lht=· fo.:.n tank t·) tht:· first rc,_jct')r t.'1nk <- • •• ·-

r-,.·;1!i: .. 1::u~ r]r~.il.it.,1t.itr. tri.::i~~-

7.~ Flue Gas Composition 
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7.3 Materials and Hethods 

Black 1-~unr from pulping of stra"" and reed in the Kanyr 

digcstPr is stored in a stor.19e t.1nJ.:. Ttw ""r.i-1·ilt~t plant unit 

""as fitted ""ith a fresh blark liqunr lin0 tn 0htain frrsh h~t 

black liquor. Flue- gas fron th1· fhw g.-1!"- !"-.!:1;·-J.· of thr r.'ro\·c:·y 

boilc-r, is usl'd. Thr· analysi!'> ;."1f sprnt 1 i•1uor and carhnniitf'r. 

liquor "·as c-arric·d out as per T!\f'PT ~tand.1ni T-(.::!"\ and an.1ly!'>is 

of sludg£> and silica drternin.1tinn "·.1!'> c-.1n·i('d as prr nc-thods c-.f 

CPPRI gl\·cn in Annex-:!. Tir.w t.-.J.:rn f.-,,- ~-.1d·,··n.1t icn ~:ts abr.ut 4 

hrs, ~hen 80 ]itrrs nf the black liquor ~as carhnnatrd in single 

rolurm. When both r-cl11nns "°ere f't.1plcyrd thf· tir1t· rrguirc·d for 

carbonation 1o.·."ls ahout 3.5 hours. Thr fl:'\•; r•f flue 9.1s into t.hr-. 

react.ors through thr ga!'i injrr·tic:n p~:r·t li\.H; n.1int.-1in.-·d hy rf'guL1-

tion through rotan0tcrs. A gas flo~ of 40 litr0s p0r ninut.c ~as 

maint.ainrd to h.n·r a steady rarhr:n.1tir,n. \\hilr :1!-".:~;'J synthr·tir 

flue gas, a gas blender ""as used. Th,-. :iir ;;n:~ r·.1rbcn rhr•xidr· 

ll(f' r·" int rodurf"'d f ror.t t hf' hot t (lf"l n f ruggrti r'···t ,1 1 cy l ind<-· r· r l c:s('d 

at both ends with bnth the gases entrring thrnugh tangentially 

placrd no7;-}c-s. Thr outlrts \\r-n· pro\·id1·n at thr· t.l•f' .ind thr gas 

flows wrrc rcgulatrd by rntanf'tf'r. Th~ ~rrangrnrnt rnsurrd 

propC'r nixing c•f t hf· gasf'~ and :'"'on~t .111t hnn:-1gc·nous f 1 n"' \\:1~ 

pro\·idcd. 

7.4 Results 

7.4.l Lignin Co-prrcipilalion 

Thl" 

prox ini t.y 

prcr· i pi t."l t i rJn 

<t nd ~ l i ght 

point fnr silira and 

dC'\' i at i (ln f n•r• t hr· 

1 i ':.l n i n J i <· 1 r1 r· 1 n ~(· 

s i 1 i ("ii 

prr-r'.ipitat inn pH rn:1y rr!=>ult in Ji~1nin pn·cirit.-1t 1~•ri. Thr· <·xprr·i­

Mrnt <:n Jabriratnry itS Wr·l} .J~ [•i Jot pJ.H1t S(-,i](" Ji:1\·r· indir;1tf"'d 

th.1t whf"'n ldiJC"'k liquor !'>n]ids inr-r-r·.-1~1· bf'yr1nrl lfl-:?O', thf'rl' ;,,.,. 

:? 1 



more chances of lignin co-precipitation. It has also been found 

that rf'.' lat i w· l y stabl£' lignins a r<' present in spent liquors which 

have higher residual alkali a~ compared to the ones with low or 

no residual alkali . It lS also cxprrirnccd that oncf' the lignin 

precipitates, filtration of carbonated liquor becomes impossible, 

and even repPatcd washing with warn water also does not help in 

improvement of filtrability or colour of the precipitate. Keep-

ing this in view, the pH reduction was closely monitored in every 

10 minutes. 

7.4.2 Critical Precipitation pH 

The desilication trials were started with a spent liquor pH 

cx~eeding 12.5 in all the cases. Initially, the pH reduction was 

slnw due tn very high rrsidual ~lkali. The first apprarancc of 

the precipitate was observed at a pH about 10.4. This 

precipitate was very fine and alnost nothing was retained on fil­

ler paper when this liquor was filtered. The larger floes are 

observed as the pH droppcd to 10.0 and helm•. On filtration the 

liquor was readily filtrahlc, leaving behind light coloured 

silica nud \\"hich w.1~ c•cH;j ly washable· ~.-ith warri water. The 

~dhercd sprnt liquor was easily washed off with cold water. It 

\\·as obsr·rn·d that with the· m:i xc·d sprnt 1 iquor of wheat st raw and 

recd the pH for 80~ drsilication lies in the range 9.8-9.6. 

Figurr-5 ~hows the pH reduction with prngrrssive ~arhnnation. Tt 

was observed that when the initial pH ~as high, the reduction in 

pf! was rathr.r slow. Th<' C"\HVf'S dist:inc-th·<'ly, show that th0 ini­

tial pH reduction was relatively fa~ter than pH reduction in the 

rang<' 9.'1-l0.5. Thi"' initial rf'dur.t:irJn is faster duf.' to 

nf"utral izat.ion of Na OH and later reductjon slow dur to 

nc•ut ra}j1ation of organir· ar-id s.1]t~. Thus th0 Irngth of pr·riod 

of rarbonat ion i ~ purl"' l 1· d•·p('ndr·nt Mi chrni ca I naturf' of h 1 ack 
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7.5 Continuous Trials : 

The desilication trials carried out on single and double 

colunn sho"'cd that effective' dPsi l ic.1tion can be c-arricd out 

using the submerse bubble reactor. 

In continuous trials, initially, black liquor "'as carbonated 

to desired pH level of 9.6 in t"'o column. When the entire liquor 

had attained this level of pH. frrsh liquor "'as added at the rate 

of about 1.6 litre'ninute to the first tank. Khen carbonated in 

t"'o reactor liquors was dra"'n at the same rate as the fresh 

liquor input. Rate of spent liquor flo"' into the reactors "'as so 

nonitored that the ovrrflo"' obtainrd from the second reactor or 

finally carbonated liquor, pH remained thr same for all the 

samples collected over a lrngth of prrind of tinr. Thr trial "'as 

continued for about 90 minutes and pH of the nv~rf ln"' "'a~ nain­

ta incd constant at a Je"·el of 9.R. T.hr <'ntirf' s:rst~n "'as thC'1c­

fore brought in an equalihriurn state. Steady gas flo"' of about 

50 litlninutes and frrsh black liqu~r flo"' of 1.6 litrC>slninute 

was naintained. The carbonated liqu~r ~~s f1ltPr~d. It gave 

easily filtrahlr silica nud and had sinilar charactcristi~s to 

that of the hatch scale sanple. 

7.6 Filtration of Carhonatrd Liquor 

Thr cfficicnry nf drsiliratinn drprnds nurh upnn thr 

filtrability of the carbonated liquor. Thr liquor scparat~d 

should be frc·r· !rem any prF·ripitatc'.d si 1 i~·:t <1rid at. t hr· sanr tirnc· 

silica sludge should hr easily washahlr and should also hr freP 

fron any precipitatC'd lignins and othr·r org<tnic-s. 



In laboratory sralr exr~rinrnts lignin co-precipitation 

slowed do"'n the filtration rate. The cause of lignin precipita­

tion ~as attrihutahlr to thr possibilities of localized carbona­

tion and increased liqunr concentration during heating to nain­

t.ain a constant tt"'nprraturf" of B0°C' during carbonation. 

In the ~emi-pi!ot plant exp~riments enploying subnersc 

bubble reactor tf"~hniqur for carbonation, inproved rates of 

filtration ~as noted. In plant t~ial ~o.5 where C0 2 and air mix­

ture was usrd thr carbonated liquor had filtration rate of 36.8 

litre/m2 /min. In another trial ~ith mixed liquor a high filtra­

tion rate as high as 1~~.8 litre'n2 'nin, was observed. In the 

plant trial ~o.9 when t~o stage continuous carbonation was 

carried out, the• liquor at pll 9.8 had a filtration ratr of 47.4 

litre/n2 'nin. In thr trial ~o.7 flue gas was used for carbnna­

t ion an~ st i 11 a gc·nt l (' r-;11·honat i t°'n was cff e~ted, and .1 ratr of 

filtration rf 113 'n 2 'nin "'as obscn;cd .1t pH of 9.9. 

ThC"sc rC"sults rlc.1rly ind1c.1tr· that in s<'ni-pi lot plant, dur 

to gentle carhnnation, th0rr was vrry little or no lignin cn­

pn-c-ipitation. \\!1rn tL.·· i-.)uclgr "'a~ f:-c>c• fror. Jignins thr 

porosity was high and thrreforr filtration "'as rapid. 

7.7 Characterisation of Sludg~ 

The rf">sults of analysis of i=;Jndgl"' sanp)<.'!'> <Tahl,·-10> indi­

cate that black liquor or.rludPd in th<' silica mud "'..-.s <'ffr·cti\·cly 

"'ash1'd hr warn wat.rr as indirat<'d by rr·durt.ion in valur-~. of },)Sfi 

on ignitinn aft<'r "'ashing nf silir.-. i;Judgf". Thr· lignin cont.l"nt 

in "'a~hf"d sludgr· r.1ng<·~ fror" lrss th,1n O.:? t.c• :?':. Tl~:"'<·\'c·r, rar­

bohydr..-1t.f"> fr;l:;tjon in fflf' ~.}wigr· "'°·IS nn highf'r ~id<' ,1nd '°',1RhCd 



silica mud had about 5-8 per cent carbohydrates. This night bf" 

attributed to the prcsrnr<" of pith and possibly som<" hcnic-f"]­

luloses which are present in <"xrrssivc quantities in agricultural 

residues black liguc1rs. Thr lr>ss of sodiun along "ith ,,.-.1shrd 

sludge ~as not very substantial. The ~ashed sludge had si]ira 

content over 80~ 0~ slu~gr dry solids. The silica sludgr fron 

seni-pilot desilication plant had ,,.-hite app<'aranc<' after Kashing. 

It was light and bulky. Thr- s<'ni-pilot plant seal<' trials 9avc­

s1lica sludgcs h .. n·ing Jn"' lignin and sodiun cont<'nts arid rich in 

silica. Thr a.1sh•"n c.lud·J·· •·!-,t.-1in,-.d .2t Afyon, 11\ith thr- r:-:c-rption 

of higher carbohydratr, ha~ rhrniral conposition alnost sinilar 

tn b~nboo silica sltJdgr obtainrd at dcsilic-ation plant at Hindus­

tan ~ewsprint Linitrn, Kl'.'ra]a, India. 

7.8 Rc-alkalization of Carbonated Liquor 

It is inpnrtant fr~n thr vie"' point of rhro]ogical 

properties of the carhnnated b]ack liquor that a nininun annunt 

of alkali level nrcd to hr naintainrd so that thrrr is nn ahnnr­

nal risf> in viscosity of thf"' liquor during conrl'.'ntration and also 

t hr pt c: i pi tat i on n f b 1 a,·~'. l i q 11 :-: r so l i d ~ du f' t c c n 1 l (: i d ;i] i n -

stability dof"'s not n:--cur at .1 ,-,-.J,1ti\·r?y lo"' tntal solids con­

tent. 

It ~as noted that in alnost all the experiments, after rar­

h:-:natir·n thr residual alkali lr\·r] nf spr·nt. liquor~ drnpprd down 

to less than 1 gpl. Fn•n thl" p.1st t:'l'pC'riPnr.e on sr\·c·r.1 I sprnt 

liqunrs, it ifi J.:no11m th;tf .it l<·a~t !1-6 gpl of alk;1li i~ ncrdr·d 

for naint.aining lo'°" \'tsr:-<;s1t.y in thr l iqunrs. It is thrr·r·for.-· 

inpr·rat i\•r th.1t. r;rnst ic ~hr:1ild h<· ;dnr·ci t n t.hf· ~~pr·nt l irj\J("r t :'"• 



bring the- residual alkali )t"\"<'l to t.h1' rf'quirrd lirnit. The 

lahor.ltoq· experinents re\"t'a l th;it (Tablc--11 > a ni ninum of 5 gpl 

nf Kann should br addrd tn thr rarh~natrd sprnt liquor to bring 

th~ r('~idual alkali to about ~ gpl. and further addition of NaOH 

a.>s n.:t bc·nf'ficial. 

7.9 Viscosity and Caiorific Value of Original and Carbonated 

J.iquors : 

Viscosity is an inportant paranc-ter •hich governs the final 

rnnrrntration of the spent liquor and ~lso thr pumping of the 

liquor into the recovery boiler. Thrrefore nonitoring of vis­

cosity is \"<'r}" c·sscntial. Vpnn c."lrP~n;1tion. th1~ pH nf the> liquor 

drops ahich ran adversely affrrt thr viscosity. To ovcrcomr this 

prohlN1 a ~.tc-p (·;dlc-d rr."llk;lli7ation l!'i intr~~u~<·d "'"ht:'rrin alkali 

is addrd to thr black liq~~r to rrstorr thr \"is~o5ity to alnost 

thr sane- lr\·rl as in the· cas<' of original liq1;,•r. Tc: get an idea 

of thr viscosities of carhnnatrd and thr original black liquor 

\"isrosity wrrr mrasured using Rhrn Visronrtrr. ThiH \"isconetcr 

nrasurr~ viscosity in tern~ of resistrncr nffrred to falling ball 

1n thr black 1 iqunr !'>.'lnrlr. Thr \"isc-o!':ity run·cs shown in 

figurr (, indicatr th~t thr rarhnnatcd and drsil1~atrd black liq­

uor whrn brought to original pn <around 12> !'>ho~rd visrnsity al­

nnst rnnparabl~ tn that of original liquor. 

Ouring carbnn~tion dur 

lignin-carbohydratr conplcxrh 

t.c: r<'durtion in pH some amount of 

prr~ipitatc along with silica. 

Thu!'; sonr pnrtinn of nrganir nattrr going alnng with silira 

sludgr nay result in rcdurrd ralorific valur nf rarbonated and 

drsilir.:ttf"'d liquor. Jn ordrr tn find out th<· <·h.1ngrs in 



calorifi(· '\·al·i,-., t1-.5ts "'ere perforned. C.ll~-rifi~ cdur c:f thc­

nriginal an.. rarbnnatrd liquor ~err detrrninrd t:~1ng ~~nh 

Calorirn0tr1·. The' nr·iginal sal':'lp}l' had a r-ah:rifir '\·,1}ur nf :' 0 'l:' 

cal.9n and th.-· tn·.1ted liquor :!798 calories gn. Tlu"' re~w't],-.n !n 

ca),-..r:ifir '\·.1Jur, :dthough is significant. r-annot ht .... 1ttrihutr-d t•: 

only c·r9.1r.i:-- natt<'r lost ~-ith the sludge, but c-0uld ;ds:"' t---.- d:i,-. 

to sonr- r<":trt i~r.s t.1kin9 place during c-arh: ... ti.-tt i ;-1: .~n:~ r'-- ,-,­

studir& to u~derstand this ~ould b<' essential. 

8. PROPOSED DESII.ICATION PLANT FOR SEKA-AFYON PULP MILL 

Thr srn1 pi!~t plant scalr expcrinrnts at Afy0n ronfirM that 

th .... c;uhn('J·sr ~uhhl<' t·rac-tor r.:-trbonation t<'::-hr.iqu0 is idc·.·d .1n:'i 

and exprrirnc:"' of thr drsilicat1on plant at 1:xL. l!1di.l, th•-. c·,··n­

ceptual d~silicatinn plant is sh0~n in Figurr-7. 

8.1 Quantity of Black Liquor 

On .H; .1n·r.1•y· thr ni 11 is rrodur.-ing ah:-1ut 1 :'00-1400 n 3 :i:1y 

of hlack liqucr ~ith .-1~·,.ut 8-10•, solids cont£>nt. f:-r· G•'\·C'lcpn.·r;t 

of dC'silir~tinn f!n~ ~h<'C't ~bnut 1~00 n 3 'day rf hl.1~k liqunr 1s 

taken. Th<' i·JI r,f th blar-k 11qu:-·r \·arirs bc·t~rrn l ::?-1 ~ (at ~0" (" 

and the r<->sidual .1Jk,1li lies between 3.5-7.5 g'J a!'; ~a 20. 



8.2 Flue Gas: 

The experinents conducted on carbonation of black liquor 

ha"-e re"·ealc-d that upt.:> 30\ C02 in flue gas it is not difficult 

to control the end pH. The flue gas containing C0 2 content upto 

30;, is ideal for carbonation. Lower C0 2 content in flue gas nay 

re-quire higher gas flo• and large size equipment. Foam problem 

may also be more •hen flue gas of lo~ C0 2 content is used as more 

gas •ill 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:z content of lime kiln flue gas is 

around 20«. and 5', 02 and fluctuations in C0 2 concentration are 

1 ""'e.- as conpared to recovery boil er flue gas. It is rccornnended 

t~ use flue gas from lime kiln due to high and steady concentra­

tion of C0 2 • 

Recovery Boiler Flue Gas: At the Afyon Mill it was found that 

C02 content of the flue gas lies between 5-14\. On an average 

the co~ conce~tration lies at about 10%. At this concentration 

about 2000 n 3 :hr. of flue gas at 1100 n.bar pre$sure will he re­

quired. 
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8.3 Gas Liquor Transfer Rate : 

Based on the earlier experience, it was found that on an 

average there J~ about 60\ absorption of C02 fron th•· flue gas 

during carbonation to bring down the pH fron 13.0 to 9.7. The 

tot a 1 quantity C'f C0 2 required for carbon."lt i ng 1500 n 3 'da:r of 

black liqu~r is 4.95 tonnes. 

8.4 Blower : 

The blover for supplying the flue gas into the reactor vill 

be required to have a capacity of 2000 rn 3 /hr of flue gas at 1~00 

m.bar when drawn fron recovery boiler and 1000 n 3 'hr. at 1400 

m.bar pressure vh~n dravn fror line kiln. 

8.5 Stepwise Carbonation in SBR Tanks :-

Three strps of carbonation of black liquor vill he requirrd 

to bring the pH fron original 1~.5 to about 9.7. Each stage 

will comprise of a submerse reactor tank fixrd vith two reactors. 

The pumps required to punp the liquor into the reactor should bP 

of centrifugal type and axial flow with lov head capable of 

circulating about 1500 m3 /hr. at about 400 rprn. The flue gas is 

to be injected into the liquor in the circulation loop through 

specially designed injectors or gas delivery head. The reactor 

may be about 7 netcr high and 'U' shaped. The flur gas enters 

through the injection head at right angles of the f lo~ of black 

liquor. Black !1qunr on its downward path sucks thP flur gas. 
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• 

The proposed capacity of suhnerse reactor tanks would be 

about 160 m3
• The construction can be mild steel type and with 

insulation. 

The three submerse reactor tanks are to be connected in 

series and overflo~ from one tank enters the other. When pll is 

reduced to required level in SR-1. the overflow is taken to the 

SR-2 and finally to the SR-III and making the process continuous 

by adding the fresh black liquor equivalent to the black liquor 

taken out from the !ast tank. 

8.6 Foam Tank 

foan generated in the submerse reactor tanks is carried over 

to the foan tank by a conncn foan line. A tank of about 15 rn 3 

fitted ~ith a ~lo~ agitator ~ill be sufficient for the breaking 

of the foan. The foam converted intc Ii~ :or is taken back to 

SRT-1. 

8.7 Hot Retention Tank 

When the pH of the carhcnated liquor is reduced to the 

desired level in SR-3, there is normally drop in 

temperature.Higher temperature is essential for obtaining b~tter 

floes of silica. The liquor enters the hot retention tank. l·n­

der hot conditions and mild agitation the precipitated silica 

molecules arc alln~cd to gro~ hy partirlr to particlr contact. 

Optirnun time for build up of silir.a flo~s is around l hour. A hot 

retention tank of ~ caparity of a~nut 60 m3 is requirPd. 
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8.8 Horizontal Belt Filter 

Different types of equipment~ 

-liquid separation operation. In thr 

ar~ a~ailable for solid 

rc-<<·nt d.1ys, hc-lt filters 

have become More common for fi ltcring snl ids ha'\·ing fine par­

ticles. The DELKOR horizontal hc>lt f• lt<>r-'s pc·rfornance at HNL 

has been very satisfactory. So in thr proposed Afyon dcsilira­

tion plant, belt filter is rrronnrndrd. Th(" filt~r consists of a 

rubber transporter belt mo'\·ing horizontally on HOPE gland strips. 

The belt supports the fahrir "'hi:--h is thP filtering rncdiun. 

Grooves on the transporter belt convey the filtrate to the 

centrally located holes and from thc>re to the ~acuun box located 

below the belt. From the vacuun b0x the filtratr air nixture 

goes to filtrate receiver-cum-air separator. Partitions in the 

vacuum box and filtrate receiver enable the nothcr filtrate and 

"'ash filtrates to be scparatrd. Jn th~ rr~r1ver thr air is 

separated and goes co the vacuun punp. Thf' filtrat" flo,.,;s do"'n 

through the droplc-gs to the- respr~tiw· M·al tank~. Thi~ systcn 

provides for three stage counter current ~ashing of the silica 

residues on th<:' fabric. The hot bl.:•~·k liqw·!· :--.•n hr~ fPd to one 

end of the belt through a feed distrihutnr and a~ thf' belt novPs, 

cake is "'ashed by ~ash filtrates and finally ty hot frrsh ~atrr 

at the discharge end. 

8.9 Realkalization Tank 

The filtrate at low pH (9.7> has to be realkalized ~ith 

fresh caustic to incrc-ase the pn and residual .-tlk;tlj bcfcrr punp­

ing to the evaporators. ThP dosage of alk~li ih rr~ dctcrnincd 

and the addition :is nrcc-ssary to prr~rnt. hi~h hlack liquor vis­

cosities and also to avoid l:ignin prcr1pitatinn d1Jring con~cntra­

t. ion. 
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-·- - - --------------------------------

9. ON-JOB TRAINING 

Training of mill personnrl and laboratory staff was one of 

thr obligations in terns of rrfrrrnrr. Although the laboratory 

staff •as •ell versed •ith son~ 0f thr analytical procedures used 

for black liquors but nrth~dnlogy •as not basrd on any standard 

testing ncthods. I.abnrat0r:r staff ~.-.-i::; trainf->d in follo•ing arC'as 

during thr course· of dcsilicat.icsn "'···irk. 

a) Method of Carbonation 

Various steps involved in carb0nation of acak black liquor, 

r.1onito1-ing :'"lf tht~ f•fl, t' ... (~r.!"!·,-..J of g.-t~. f]C•K, \-jsn."l} C1b~Cr\·atir~n t"'>n 

onset of drsili~atior., filtration of th~ silica sludge and its 

.... -1!'-'~:?n-:r- 11\rrr· dc-ri:·n~tr.•t•·~ c•n b~:th 1.•be;rat.nry and scni-pilClt 

S:"'alc tri.1ls. 

b) Analysis of Black Liquors 

For thr dr·si l ir.-it inn rxprrini·nt.s, sonr proprrtirs likr 

residual alk.-tli, pH. silica content, lignin rontf'nt etc. arc \•rry 

inprn·t.ant tr·st.s .ird n•'f"i t,-- br- pr·rf!"1rnrd ~ith gr<'at.f'.'st prl'cisior. 

and accuracy. 

i) Residual Alakli 

E'st in.it inn e:f rf"i:; i du:. 1 <J 1 k.• l i CRAA> in black I iquor 

vt'ry inpnrt ant :10-i r1r·r·:'i tr• 

Laboratory staff at Afynn ~('rr 

hr· de· tr· rrn i n<'d <:arr f u J l y. 

following a Mf'thod whirh 

usual lr gi\·r· n·rr hi':}h ,·;.Jur·s CJf R.l\A. Thr laboratory st~ff 

wa~ givr·n ~t.1nd;,rd r-rn'.·r·:-hn(·~ fr:r t"'~tim.1tion of RAA whir·h is 



based on TAPP! standard nPthod. A demonstration on perfor­

nance of the test was also given. The detailed procedure is 

given in Annexure-II. 

ii) Silica 

For estination of silica, the laboratory staff at Afyon 

rnill were following a different nethod and normally results 

on lower side were obta i 11._·d. A standard TAI'PI procedure was 

explained and dernonstratPd to the laboratory staff how to 

perforn this test. 

iii) Li9nin Estimation 

Demonstration of nethod for estinat10~ of lignin in 

black liquor, washings and silica sludge was given. This is 

an essential test for estindtion of organic natter cn­

precipitated with silica. The laboratory had a 

spectrophotoneter - Spectronic 20, but the laboratory staff 

did not know the nethod for estinating lignin using this in­

strument. Detailed procedure was given to the users 

<Annex-2>. 

iv) Other Properties 

Accurate measurement c·f pH, monitoring of pH during 

carbonation, preparation •lf synt hct ic fluC' gas, det.err.un.:.­

tion of carbonated liquor filtration rates, set• :ing tinf' of 

silica sludge etc. were dn.H.ristratf'd t(i the lab staff. 
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9.1 Literature 

rseful literature roncerning desilication including reprint~ 

fron periodicals and journals, CPPRI publications and reports 

relating to desilication and testing methods were given to th0 

laboratory staff in order to enable the~ to understand various 

physical and chenical aspects of desilication process. 

10. CONCLUSION 

1. Laboratory experiments and semi-pilot scale trials clearly 

indicate that it is possible to achieve desilication upto 

80%, in a pH range of 9.5-9.7 for the black liquor at SFKA­

Afyon Pulp Mill. 

"') -. Higher tenpcrature of 70°C and above facilitate h0tt0r 

filtration. 

3. Carbonation of black liquors with solids concentrati~n nore 

than 20% i& not efficient and results in substantial lignin 

co-precipitation. 

4. Silica sludge obtained under optirnun carbonation Kas easily 

fi]trahlr and had relatively lower propnrtion of lignin and 

other organic natter. 

5. The desilicated black liquor is stable and possess v1&cns1ty 

alnost comparable with untreated liquor. 

6. The semi-pilot seal~ trials using the gas fron recovery 

ho i l er st ad: prc1\."(•i;, hP.yrmd doubt that th<> tc>chno] ogy imp J ,.._ 

nrntcd at Hindu~tan ~e\\.sprint Mills, 

l"\IJCh .a pp l i cat i on :i n 
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dcsilication trchnology developed for bamboo black liquor 

in India can als~ b~ employed for desilication of straw 

black liquor. 

7. The conceptual flowsheet developed for desilication of about 

1500 r1 3 of blark liquor per day, for Afyon Pulp Mill shriu1d 

facilitate in d0sign and de'\·eloprnent of production units. 
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Propenles 

TABLE -11 

PROXIMATE CHEMICAL ANALYSIS 

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 Jf).3 6.6 
1% NaOH Solubility,% w/w 39.2 39.0 
Lignln,% w/w 15.3 22.6 
Pen tosans, % w/w 2 I. I 18.8 

• 

-----



TABLE -a 
ANALYSIS OF LIME 

(Afyon Miii) 

~-~---------------------------~---------------------------------------------------

Properties Values 

Loss on Ignition, % w/w 

A\•ailable lime Index, % w/w 

Silica, % w/w 

14.90 

74.4 

0.3 

85.1 Ash. % w/w 

---------------------------------------------------------------------------------------

TABLE -3 
ANALYSIS OF LIME MUD 

(Afyon Mill) 

---------------------------------------------------------------------------------------
Propenles Values 

---------------------------------------------------------------------------------------
Calcium, q{, w/w 35.5 

(as Cao) 

Sodium, "" w/w 5.5 

Loss on ignition, % w/w 33.0 

Silica, % w/w 11.8 

R203' % w/w 1.4 

---------------------------------------------------------------------------------------



Particul;U'S Silica In 
B.L. gms. 

~o •)esilicution ·1.4'.\ 

.-\ftcr 70' :, 
l)csilication l.:l2fl 

\her ~f)· 
1)1!silication 0.~IC) 

\ ft1!r •10 ·· 
· lesilicat ion o. ·I ·1 '.\ 

TARLE-4 

SILICA BALANCE 

Sillca going 
Into evapora-
tors, gms. 

fl.~~ 

O.<l'!fi 

0.01~ 

(),()(}') 

---------· ----·------------

Silica in lime Sillca load 
Sludge, gms. CM, 

4.:M <H\ 

I. :JO:J '.~<) 

o.~72 1 1 1.~ 

o. ·1 :\.\ ''· ,'J, 

·-·----



TABLE .S 

ANALYSIS OF MULTIPLE EFFECT EVAPORATOR SCALE DEPOSITS 

Properties 

Ash, % w/w 

Loss on ignition, .. w/w 

Hot water insolubles. % w/v; 

Silica, % w/w 

Calcium, % w/w 

Sodium, % w/w 

Mixed Oxides. % w /v; 

Undetermined, % w/w 

Values 

84.97 

IS.03 

96.80 

58.49 

1 J.09 

0.52 

2.61 

12.26 



TABLE-6 

BLACK LIQUOR OESILICATION IN PACKED BED AND SAR 

Particulars Packed Bed Column Submerse Bubble Reactor 

Initial Liquor 

1>11/'~;)0(" I?.. I 11.R I ?.. I 12. :l 

Total solids, "',, w/w 12.:1 11.11 15.0 12.0 

Silic;1, l 1,/I !l, () fi, I fi,O 7.5 

·~esidual -'.ctiv•~ ·\lkali, :~/I :,, 9 Ci,.., 

r>esilicated Liquor 

p' !/:,,, .. (' In.'.~ 'I, C) 10.·1 I f1, :s 
TutiJI :-.11lid-;, '·, wh· 11.'I I'.?. I 
\)ilic.1, ·jl (), !J n.~ 1.4 I. o 
'>es1·!11:d ·\ctiV•~ '\l'.ali, ~:/I n. ·t 'Ji I 

Slud~ 

Filtration, lllin15!)0 "''· 1 ll. fl ~<> filtration r;ood (ioo<I 

Loss on ignition ut 700°C, '",, w/w 15.0 l ~.I) I. r; :!. :l 
Silica, '",, w/..v 7!i 7~ 

nesi lieut ion, ··:. ~2.0 ~7.0 77.0 ~7.0 



TABLE-7 

DESILICATION IN SflR ON MILL SCALF. 

Particulars 

Feed Black Liquor 

p! 1110°~ 
o Tw 
Total solids, '''., w/w 
Residual .. \ct ive Alkali, 1~/I as Na 2n 
<iilica, ''',, w/w on solids 
Calorific value, raL·.~. 

Carbonated Black Liquor 

pll/30°C 
o Tw 
·~.e~idual. ·\ctive :\lkali, •di as ~a2 () 
<;1llca, "., w/w 
ralorific vo.lluc, Cal/t~Pl. 

Sludge 

l.olor (washed sludge) 
'. loisture 
'ii02 on nn slud1~c 
f)eslication, o•, 

Flow Rate 10 m3/hr. 

12.5 
20. () 
17.3 
fi, I 11 
2.()f) 

3110 

JO. I 
I 1l.O 
(), '2:, 
0.4 

2'140 

I \'h Itel 

71.0 
'\'1.02 
77.0 

Flow Rate 18 m3/hr 
~~~~~~~~~~~--~~-

I 2.4 
I H.5 
15.0 
6.07 
2. 3fl 

3510 

10.0 
15.5 
o. :l t 
o. '1:, 

:' 1 ')0 

'Vhitt! 

77.5 
~7.'l 
Ji0.!-13 



'l'AUl.~- d. 

IU:SUl.'l'S 01·' l.AUUHA'J'OUY THIAl.!l 

Test Carbonation 01· 1 ·.1 l n<t l Liquor Car~onatcd Liquor Silica Sludge :,oe•i 11-
No. Conditions c.ition 

----------------------------------------------------------------------------------------------------------Time Temp. pit 'J'. s. UAA• Silica pll T.S. HAA• Silu:a A11h Silica SillcJ 
min. oc 30°c \,w/w ~/ l '•,w/w 30°C \,w/w 9/l \,w/w \,w/w \,w/w remov.1 I 

\ 

l 80 80 11. 5 10.3 7.75 2.46 9.5 14. 2 4.03 0. ll;.? 40.7 - 67 

2 85 80 12.7 9.7 0.5:? 2.90 9.7 9.7 0.62 1. J 7 56.9 52 67 

3. - 80 13.5 l).l.i 17.67 l . 59 l 0. l 10.0 0.62 0. 71 40.1 27.7 SS 

4. - 60 13. 2 10.4 5.:?7, 2. 12 9.5 11. 2 0.62 0, !:.U 73.0 60.2 ~~ 

5. 80 60 13. 0 16. :! 11. 4 7 3.04 9.7 15.5 :! • 1 7 0. ll J 46.9 93.1 73 

•RAA - Residual active alkali as Na~o 

••Two stage desilication carbonation followed by lime treatment. 



Table· 9 

RESULTS OF SEMI-PILOT PLANT DFSILICATION 

Trial Csbonatlon Initial Liquor Treated Liquor Sludge DeaUlcatlon No. Conditions 

Ti me Temp. pit Solids ~AA• Silica pH Solids RAA• SI lieu Ash Silica Silica 
(p, /I as (g/I as removal 
N"'JO) ND.iO) 

min OC 30°c: W...w /w 11{1W/W 30°C •: .. w/w "'nW/'A %w/w o/ow/w "' ·•I 

l. 190 60 11.4 8.3 3.41 4.10 9.70 5.5 0.62 o. 70 74.6 68.6 82. 7 

2. - 82 11.8 7.3 4.03 3.91 9.80 7.3 0.62 o. 71 76.4 71.4 81.8 

3. 100 80 11.6 7.6 3.72 4.12 9.70 7.8 0.62 1.50 75.9 70.8 63.6 

4. 125 82 11.8 9.7 5.0 3.87 9.90 9.7 0.30 1.36 70.1 67.1 64.9 

5. 100 82 11.8 26.9 22.30 3.78 I 0.19 l 9.4 1.24 0.05 59,8 56.S 98.6 

6. 205 75 13.0 8.6 7.44 3. 75 I 0.1 5 9.1 0.31 0.17 9 l. I 87.5 95.5 

•RAA - ResidlBl Active Alkali. 



TABL~ 10 

ANALYSIS OF SILICA SLUDGE SAMPLE 

--------------------------------------------------------------------------------------------
Plant Loss on Sill ca Llgnin Carbo- Sodium COD 

Trial No. Ignition hydrate ... ,., 41. w/w 41. w/w 41. w/w 'It w/w mg/I 

I 

(unwashed) 26.0 65.8 11.4 11.4 29.3 

2 

(unwashed) 35.0 27.7 17.5 13.S 6.94 40.8 

4 

(unwashed) 39.0 46.4 30.3 11.S 12. l 58.2 

5 

(washed) 7.8 81.0 2.0 7.0 NIL 10.4 

6 

(unwashed) 39.l 53 24.0 7.4 1.65 44.6 

7 

(unwashed) 31.2 55.2 10.2 18.3 27.S 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.S 

9 

(washed) 10.5 85.3 0.16 6.3 0.1 6.9 

-----------------------------------------------------------------------------------------



TABLE-1J 

REALKALIZATION STUDIES 

c.monated LiqucW - Straw : ~ • (10-.30) 
Desilicat.ed to pH 9.8 (82"'C) 

$el No. 1 2 3 

Spent Liquor•, ml 50 50 50 

Na OH added, g/I as 

Na20 
3.0 5.0 7.0 

Expected R.A.A., g/1 3.02 4.62 7.22 

Actual R.A.A. as 
Na

2
0, g/1 3.72 5.27 6.36 

0 
pH at :J> C 11.2 12.1 12.3 

• Carbonated & Filtered black liquor was used and had initial 
R.A.A. - 0.62 g/I. 

4 

50 

10.0 

8.62 

8.99 

12.5 
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1. Project Title: 

2. Objectivt's: 

3. Obligations: 

4. Backg:-01.::-.c: 

TERHS OF REFERENCE 

Improvement of the Afyon Pulp/Paper Hill 

To produce ~ore high-quality pulps f~om 
indigenous ra~ materials like stra~/reeds 
at lower costs. 

A team fro~~ consulting co~?any having 
experiences in non-wood black liquor 
recovery co~prising a high-level inorganic 
che~ist a~c a design engineer will 

- visit the mill and carry out tests ar.c 
deter~ir.e ho~ to precipitat~ silicid 
acid by carbonation and pH control; 

- carry ou~ on-the-job training for the 
laboratory staff in desilication; 

- develop a concept and a first flo~­
sheet for a desilication production 
unit; 

ANNEX-I 

develop a first flo~-sheet for a riesilicaticr. 
production unit at their ho~e-office. 

Afyon pulp ~ill is one of the 8 pulp anc paper 
mill corr:?lexes of "SEKA" Group in T1.:rkey. It 
~ent into operation in 1978. The ~:11 has be~~ 
designed tc proc1.:ce 50.000 tons of t!eached pulF 
per year - using the indigenous ra~ ~aterials 
~heat stra~ anc reed. 

Initially, the ~ill coulc not run uncer stable 
conditions due to several dra~backs in its 
design anc operational practices. ~o~ever, m0s~ 

of these proble~s have been solved ;~ the course 
of past years and the mill is r.~~ in its strea~­
line opcratior anC hcadinr to~arCS C?Cimu~ rro­
c!.Jc ti on. 

One of the serious deficiencies chat the mill 
is facing is the presence of a high percentag~ 
cf silica (approximately 6 %) in black liquor, 
carried through pulping of straw and reed. It 
is causing a major set-back in all the stages 
of operation of chemical recovery s~stem. The 
efficiency of chemical recovery has been l irr.i red 
to ~round 80 % besides high consum?tion of steam 
in the process and lower steam genc~ation pC'r 
Lon of solids burnt in the recovery furnace. 
Oni· of thC' imporL.lnL factors is tha~ the cnlire 
qu.111Lily of lime sludge (calcium carbon.:>l<') riro­
duccd to the extent of approxim:Heh 15.000 tons 
per Y"·" on .in ope imu,., production level, is b<'in;•, 
di~po~rd off a~ l.ind-f1lling, sine~ this pro~uct 

• c :1 n no l b c re Liu r n L t o rec o v e r l i me C: •; c r o t he 
presence of silicate sales. ln fact, th<' Afyon 



Language of the 
Final Report: 

~ur::!:-?r of Cooies 
to be suoolied: 

Date of Delivery 
of Fin.a 1 Reocrc: 

Debriefini<: 

-2-

Mi ll i s fu 11 y c qt: i pp e d ~ i t h a Ii r::c k il n fo r 
continuous operation. 

As the present set-up of operatic~ is sub­
stantially addin& to the cost of production 
in s~vcral aspects, it is i~9ar.ative that a 
serious consideration should be given to im­
plement a full scale b!ack liquor desilicacion 
plant prior to processing the liquor in Afyon 
Pulp Mi 11. 

The mi 11 n:.::nage~-=nt has reques::ec ur-a::>o to 
assist in carrying out p~eli~inary tests for 
desilication of black liquor, either in labora­
tory scale or in pilot pla~c scale before a 
final decision is r::ade fa~ full-scale ir::ple­
mentation for regular ~lan~ operation. 

English 

10 copies 

One month afte~ co~?letion a: r::ission 

Upon compl~tio~ of r::issio~. one cay 
debriefing in l~ID0 Hea~~~a~::crs fo~eseen. 



ADEl-2 

PR0CmUREs 1'0R TISTlllG OF BLlCI LIQUOR PROPIRTllS 

The laborator7 evaluation or black liquors !or their chemical, 

physico-chemical and thermal properties can provide information on 

their behaviour during the evaporation and combustion operations 

in the mills. A 1'etter understanding of these processes may also 

indicate ways in which the special problems encountered by the mills 

from various rav 1118.terials can be handled. 

1. S.IMPLIIG or BLACI LIQUORS 
1.1 Sample Collection :- It 11Ust be alvays ensured that the sample 

collected from laboratory or mill cooks is representative of the 

entire black liquor generated. If any fibrous material is present 

in the sample, it must be removed by filtration. Sample collected 

should be such that it completely fills the bottle. This ensures 

that all air is excluded and avoids oxidative processes. 

1.2 &ample Storage :- The filtered sample should be stored in 

stoppered, narrow mouthed plastic bottles, preferably ·at a temperature 
• 

of around 4 c and away from light. 

The measurement 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 det~r~inat!on c: resi­

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

hours. 



Cll!MIC&L D&LYSIS POR BLACI LIQlJOR 

TOTAL SOLIDS 

1) Por veat black liquor :- 10 ml of weak black liquor is taken 

in J inch diameter porcelain or platinum dish and weighed accurately 

and immaiiately and than placed in oven 11dlntai ned at 105±J°C for 

24 hrs. C col in descicater to room temperature and weigh to nearest 

5 og. 

% total solids = residue wt • 
.;;._.;..=..;;...;.;...;--"""'-'- x 1 00 
sample vt. 

11) For concentrated black liquors : 

Dilute the:;aople by weighing a portion of concentrated black 

liquors to the nearest 0.05 g transferring it into weighed 500 ml 

volu::ietric flask. D; lute upto mark and again weigh to nearest 

0.5 g. 

Total solids for this diluted sample is than determined as for 

weak liquors 

Calculations 

I. Dilution ratio = Weight of diluted sa~ole 

Weight of original saople 

II. % Solids {diluted) = Weight of dried solids x 100 
Weight of diluted specicen 

!II. % Solids {Original) = % solids {diluted) x dilution ratio 

lpparatua : 

Weighing bottles with ground glass stoppered with 50 mm dia~eter 

and JO mm weight. 



!!q>eri•ent Procedure :- Pure quart2· sand is taken as inert material 

for experiments • Place about 25-JO g of inert material in the 

weighing bottle and heat t.lie bottle and cap in the oven at 105° C 

to constant weight. Cool in descicater and weigh to nearest 0.0005 

g. By means of pipet~ transfer enout:h specic::en to veighing bottle 

to ensure 1-J g of dry solics (for weak liquors 5-10 g as such speci­

men is required, for concentrated ~nd diluted as in methoc I 2-5 

g of sp. is required). Cap the bottle and weigh to nearest 0.0005 

g add 10 20 ml. vater to specicen if it contains ove!" Jm: solids. 

Place the weighing bottle in oven cap-off and heat for minilruo of 

6 hr. Remove and cool in desicater and weigh repeat this heating 

procedure at 1 hr interval U."ltil the weight loss is less than 0. 1: 

per hr. (.001 to .OOJ gloss per hr). ¥.ake triplicate determinations. 

Calculation are as in metho~ II. 

SUSPENDED SOLIDS 

Take• at least 2 sets of previously weighe~ cer.trifuge tubes. Te ke 

50 ltl of well shaken black liquor in each tube and centrifuge then fo!" 

about 20 i:inutes. Take out the supernetent black liquor an:i given sinele 

washing with distilled water. Dry the tubes at 105°c, and take the OD wt. 

Calculations 

Wt. of OD empty tube 

Wt. of OD residue in tube 

Wt. of residue 

Suspended solids, g/l = 

= X gc;s 

= Y - X gms. 

Y-X 
ml. of thex lOOO 
sample taken 



RlSIDUJ.L ACTIVE lLIALI : 

Pipette 25 l!l. of B.L. into 500 ml of volucetric flask containing 

about 100 ml of water and allow the pipet to drain for its calibration 

period. Add 20 Ill of 0.5 N BaC12 , stir, and allow to settle until 

partially clear. Dilute the contents of flask to mark, mix •ell and 

allow to settle u.~til about 200 ml of clear liquid stands above the 

precipitate. Pipette 100 ml of the supernai.~nt liquid to a 250 11:1 

beaker equipped vith a mechanical or magnetic stirrers and titrate 

im.::ediately 1otith 0.1 N HCl to a pH of about J. 5. Follov the course 

of titration potentiocetrically on the pH range of a pH meter using 

saturated calomel-general purpose glass electrode pair. Add the 

ti trant in increi::ents of fixed volui::e, record the pH value after 

each addition and plot the data on the linear coordinates vi th =­
as the ordinate and milliequivalents of HCl as the abscissa Connect 

the plotted points in a scooth curve. Obtain the !!!illiequi valents 

of acid corresponding to the end point by projecting the inflection 

point near pH 7.0 to the abcissa. 

Calculation : 

R.A.A. g/l as NaOH = oillieouivalent of acid x.1xJ,O 

ml of B.L. taken 



TOTAL AI.UL! 

Add 10 •l. of black liquor sar:iple to a beaker containing 100 

ml. of w ter. Immerse the electrones of the conductance bridee in 

the solution, stir continuously with a ~echanical or a magnetic stirrer 

and obtain initial bridge rea-Jing. For most black liquors a 1 ci:: 

spacing of electrodes discs vill be suitable. Add 1U HCl in fixed 

increcents of volume a.11d take a reading after each addition, keeping 

the te=>perc. ture constant. Continue the titration until the change 

in the bridge reading reca.ins constant for five or six ad~i tions 

of ti trant. Plot the data on linear coordinates vi th reciprocal 

oh:::s :is ordinate and milliequivalents of acid as abscissa. The curve 

obtained will usually resecble a v vi th the apex flattened 

or broadly rounded to locate the enc point. Extrapolate the arcs 

of the V in a straight line ur:.til the extrapolated segl!:ents 

intersect. The point of intersection projected on the abcissa will 

give the cilliequivalents of acid corresponding to the end point. 

Calculations : 

Total alkali g/1, as Na2o = millieoui'lalents of acidxHlx31 

cl of B.L. taken 



SOLPBAT!D ASH DD ORGAlllC MlTTm 

Procedure : In a platinum crucible 2-3 gms exactly weighed 

residue/solids obtained frot:1 B.L. evaporation is taken and starting 

with a cold muffle furnace, the residue is heated until the organic 

material is mostly, but not co~pletely destroyed. The residue, then, 

is cooled moistened with water, a drop of ~ethyl orange & concentrated 

H2so 
4 

is added till the indicator colour turned pink. The contents 

in crucible, first dried on steac: bot!': a!'ld then ir. muffle furnace 

at 600°C till the !"esidue turns ¥hite - colourless. Then the residue 

is cooled in desicator and weighed. After weigh5ng, again the residue 

is moistened and a drop of 11:ethyl orange is added to see whether 

residual .H2so4 is left or not. 1f pink colour develops - indicating 

the presence of residual H2so 
4 

- repeat the above procedure until 

acid is destroyed completelf'.he residue is arbitrarily assumed to be 

pure Na2so
4

• 

Calculations : 

The percents of E.L. residue turne::i to Ne
2
so 

4 
- expressed as 

NaOH gives the inorganic matter prese~t. the rest i.e. (100-inorgan­

ics) gives the organics. 

~t. of B.L. residue 3-341.3 g 

1.7504 g 

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

= S:;lfe. te::i e.~h residues x 40 x 100 
Total solid residue x 71 

= Sulfated ash residue x 56.5 1.7~x56.~ 29.4 = = 
Total solid residue 3.3443 

Organic matter, % = 100-29.4 = 70.6 



DETEl3IIIATIOI OF SD.IC! BI COLORIMETRIC ME'l'ln>D 

Principle : Ammonium molybdate at a pH 1.2 reacts and produces moly­

bdosilicic acid. The yellow colour developed corresponds to reactive 

silica present in the sacple. This ir:olybdosilicic acid is reduced 

to heteropoly blue by at:ino naphthol sulfonic acid which increases 

sensitivity of the methoj. 

Interference : P0
4

, tannin, Fe in large .cone., colour, turbidity 

and sulfide are potential sources of interference. Interference 

caused by PO 
4 

and tanr.in can be elicinated by addition of oxalic 

acir.. The interference due to colour and turbidity can be cocpensa­

ted by using an appropriate blank. 

Apparatus : 

1. Colorimeter for use at 690 ~u providing 1 cm light path. 

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

Reagents 

1. HCl : 1 +1 

2. Al:loonium molybdate reagent: Dissolve 10 g am:!!. molybdate and 

dilute to 100 ml. Adj~st pH to 7-8 and stcre in polythen~bottle. 

3. Oxalic acid solution : Dissolve 10 g H2c2o 
4

• 2 1!20 and dilute 

to 100 ml. Store in polythene bottle. 

4. Stock silica solution Dissolve 4.73 g Na2Si0
3

• 9 H20 in 

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

silica cone. gravit=.e:tricall,;; c.!1::: cilute ac::ordir.gl1to have 1000 cg/l 

Si02• 

5. Standard Si02 : Dilute 10 ml stock Si02 soln. to 1000 1:11 with 

boiled cooled distilled water. 1 ml = 10 pg Si02• Store silica 

solutions in plastic bottle. 



6. Reducing reagent : Dissolve 500 mg 1-amino, 2-napthtol, 4-sul­

fonfo acid and 1 g Na2so3 in 50 ml water. Add this to a solution 

of JO g NaHso3 in 150 ml water. Filter through Whatmann paper No.42 
and store in a plastic bottle. 

Procedure : 

1. Take suitable vol. of filtered sample in nessler tube. If sample 

is turbid or coloured prepare approximate blank as follows : 

To the identical aliquot add 1 ml 1+1 HCl followed by 1. 5 t l 

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

2. Add 1 ml 1+1 HCl followed by 2 ml amconium molybdate. Allow 
to stand for 5-10 min. 

J. Add 1.5 ~1 oxalic acid t~ the samples and mix well. 

4. Add 2 ml reduci~g agent and dilute to 100 ml. Measure the colour 

at 690 ltll after 10 min. using 1 cm path. 

5. In case of clear sample prepare blank subs ti tu ting sample by 

\o"ater anc processing through all above steps from 1 to 4. 

6. Prepare a standard curve using standard silica solution covering 
0.0 to 240 ~g Si0

2
• 

7. Calculate the cone. fro!!! standard graph and express as Si0
2 mg/l. 



DETERMIIATIOR OF SILICA BI GRAVIME'l'RIC METHOD 

The following procedure, or a modification described by Bethge 

may be applied to dried ~olid 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 disesting it with HN0
3 

and HClO 
4

• The 

result of the digestion is a clear solution containing all the in­

organic 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. Rinse down the neck of the flask with 10 to 15 ml of distil­

led water. Next add 15 ml of cone. mro
3 

and 5 ml of cone. (?0%) 

HC104 in that order. 

Warning To prevent an explosion be sure to have the nitric acid 

present before aading the perchloric acid. 

• 
Place -the flask on a steam bath situated in a hood. If the 

solution ~ing digest~d suddenly darkens when the main part of the 

excess HN03 h~s boiled off, stop the digestion immediately and add 

more HN03 (5 ml} before continuing the digestion. 

Rote A sudden darkening almost always indicates insufficient nitric 

acid and until the wo!"Ji:er is familiar vi th the procedure, an excess 

of the recommended quantity of nitric acid should be used. 

When the oxidation reaction has subsided, as indicated by th"' 

absence of red-brown nitrogen dioxide .f.umes, remove the flask fro1:1 

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 vhite perchloric acid fumes. Allow the solution to cool, then 

add 5 ml of cone. HCl, and heat again until the perchloric acid fumes 

appear. Allov 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 platinuc vessel. 

Silica : Filter off the silica on a S:?:all filter paper of medium 

poro!lity and wash vi th 1 : 99 HCl. Collect the filtrate and washings 

in a p:atinu::i evaporating dish. Evaporate the filt~ata a~~ A~~:.~~63 

to near dryness on a steam bath and add 2 to 3 ml of cone. 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 HCl and catch the filtrate and wahings 

in a 250 ml beaker. Re:!love any silica adhering to the evaporating 

dish by wiping with a s:nall piece of filter paper, using the stirring 

rod, and place the bits of paper in the filter. Reserve the filtrate 

and washings for determinlftion of iron and aluoinium. 

Place the filter >1i th its bi ts of pa.per in a tared platinum 

crucible with cover. Dry the filter paper and smoke it off at low 

heat vi th the cover placed at an angle cm the crucible. When the 
-

paper has been charred and smoking almost ceases, increase the heat 

to at least 1000° C and heat at this te:nperature for onehalf hour 

or more. Place in a desiccator with the crucible lid in place and 

cool to room temperature. Weigh , remembering that dehydrated silica 

is hygroscopic, reheat, and weigh again to make sure that it is at 

constant weight. 

Carefully moisten the contents of the crucible vi th about 2 

ml of water, adding it from a pipett,,,inserted beneath the cover. 

Add 4 or 5 drops of 1: 2 H
2
so 

4 
and then add carefully about 5 ml of 

cone. HF measured from a polyethylene graduatE'd cylinder. Place 

the crucible in a hood and heat gently to evaporate off the HF without 



boiling the liquid. Increase the heat to fulle off the H2S04 • When 

the contents of the crucible are nearly dry, gradually increase 1.he 

heat to at least iooo•c and briflG the crucible to constant weight 

as before. The loss in weight represents the grams of Si02 in the 

10 111 specimen. 

Calculat.iona ; 

1 of silica = g~s of Si02-----x 100 
gms. of B.L. solids 



E aU • aUon of llgnln1 

llgnln en hi portent orgenic constituent of the spent liquor is 

nor 111 ally .. eesured et 2BO n.. in the ultraviolet region. the UV spectre of 

the lignin shows peek • ed• a el 205 nm end • nettened shoulder •l •bout 

230 n 111 which is due to the presence of poly phenols ln the spent liquor. 

[xperi111ents curled out at CPPRJ hboretories heve shown that llgnin can 

al.!.o be .. easured et 465 n111 in the visible region, which is a selective 

1111 evelength for color geneuting groups. It is found lhel velues et 2BO n .. 

and 465 n111 are el .. ost identical. Since theere was no UV spectrephoto11eter 

available at Afyon Ill ills, all the llgnin 11 ea sure• ents were carried out al 465 

n 111 in the visible region. The dehlls of the procedures ls discussed below. 

Proc~dure: About 2 111 of the spent liquor to be analysed was diluted to 

100 1111 in a volu111elric flask. A bsorbance of the ebove solution efter proper 

dilution was •easured et 465 n11. Lignin percent 1us ~alculaled as follows 
_, -1 

taking absorptivity of BB lg c 111 for lignln. 

ebsorbance et 465 n 111 • 40.56 • 100 
0 rganics (as lignin) j • 

BB l C 

(where C • wt. of the sa 111 ple dissolved/lt.). 



PllEPARDG BLACI LIQUORS or Din'IRDT COICElmlATIOIS 

Black liquors from laboratory cooks have 16% to 22% solids con­

tents. The liquor is concentrated in a rotary vacuum flash evaporator 

under a vacuum of 0.6 kf./crr..2. For black liquors which froth badly 

the vacuum is reduced to 0.5 kg/c=2• The rotary vacuum flask is 

heated in an electrically heated oil beth aaintained at 96-99°C. 

Solids concentrations of .35%, 45%, 50% and 55% 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 .35%. A sample is with­

drawn for viscosity measurements and solids estiw.tion. Evaporation 

of the black liquor remaining in the flask is continued, after weigh­

ing the flask contents, for the next concentration. The procedures 

are repeated 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. 



Viecoaeters usually measure either the drag or torque produced 

by the aoveaent of an element through the fluid or the resistance 

to flov. Rotational type viscometers measure the torque resulting 

from the rotation of a spindle inside the sample chamber. Capillary 

type aeasure the pressure drop vhich occurs vhen a constant flov 

of fluid takes place through a 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 a better representation of the black liquor. 

I: material precipitates during the concentration of the black liquor 

this vill tend to blc.ck the capillary type viscometer and will give 

erroneous results. 

This laboratory uses a Brookfield Synchroelectric rotational 

type viscometer (RVT model). It is provided lli th 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

lov adapter (UL) a minimum range of 0-10 cps can be used. The instru­

ment normally uses a 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: ir.ade at a temperbture of 80:t0.05°C 

using an Ultrathermostat (Y.LW) for temperature control. Any varia­

tions in temperature will effect the viscosity values. The dial 

' reading on the viscometer must remain constant while making the read-

ing. The black liquor fed into the chamber is heated to 80°C to 

avoid any tt,sterisis effects on ~ioco~ity due to beating or cooling. 

The •ample collected for the solids estimation is diluted to 

an appropriate Tolume 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%, 50%, 55%) are obtained 

rroa viscosity curves. 



Foaain~ character of black liquors varies for different black liquors. 

Different black liquors show different foaming tendency. Foaming inde:r. 

can be determined by follo.ring aethoo:-

Met.hod: 

The aethoo is very simple. Vacuull! is creatm in the vessel containing 

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

lpparatu: 

Graduatm glass vessel, Aspirator, hot water bath or thermostat, 

glass tubes. 

Procedure: 

'lbe apparatus is set up as shown in Figure. Apparatus consists of 

graduated vessel of the type shown in figure (700 ml capacity) in which 

10 al of black liquor aample is taken. The capg.city of aspirator is about 

500 al capacity vi th stop cook at the bottom. The rate of process water 

in the aspirator is to be adjw;ted to 500 111/)0 sec. 

When the temperature of black liquor 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 al water in 30 seconds. After 

)Q seconds or after emptying the 500 al process water, stop cook is closed. 

Due to the formation of vacuum in the gradUB ted vessel-A connected to 

aspirator - air comes through T, which produces foa:r. in black liquor. 

Afte-r )0 seconds, the volume of the foam is found out and at the same 

tiae the volume or the black liquor converted into the foam is calculated 

b7 the difference in black liquor level before and after the experiaent 

and can be carried out at different teaperatures. Each tiae fresh black 

liquor 11 ttien tor the experiaent to avoid creidation effect. 



r..lculation•: 

With the above results, the foa~ index or foam number F and the foam 

coefficient If can be found out as follows:-

Foam index gives the percents of black liquor changing into foam 

thus, 

F 
V1 

100 = -v- x 

Where, V1 = Volume of black liquor converted into fc!lm 
v = Volul!le of black liquor taken for experiment, i.e. 10 ml 

Foam coefficient Kr shows how many times the foam volume is greater or 

lesser the volume taken for analysis. Hence, 

vf 
K = 

f -v-

Where, Vf = Volume of foam. 

A typical black liquor sample gave the following results:-

V - Volume of B.L. taken for experiment 

v1 - Volume of B.L. converted into foam 

Vf - Volume of foam 

Foam number F = 0.5 x 100 

10 

Foac coefficiefit Kf = _!2Q_ = 
10 

= 5 

15 

10.0 111 

0.5 ml 

150 111 
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FIG. 1-APPAllATUS FOR MEASUkJNG f'OAM 
INDEX 



Annea-_3 

LIST OF MEMBERS MET DURING THE MmJON IN TURKEY 

A. Directors and Senior Members of SEKA General Management: 

Mr. Sabahattln Yelllnpapa 

Mr. ls met Gene 

Ms. Ferhan Taptlc 

Mr. Sazal Sarlsoy 

Mr. Haluk lber 

General Manager of SEKA group 

Deputy General Manager Technical 

Director of Mill Operations 

Senior Engineer Mill Operations 

Engineer Mill Operations. 

B. Senior Counterpan staff and Senior Members of SEKA Miii Management: 

Mr. lslk Anllpak ·. 
Mr. Husamettln Sari 

Mr. Yahya Sekercrl 

Mr. Mehmet Makam 

Mr. Muhteram Kar 

Mr. Ramazan Camuzoglu 

c. UNIOO ornc1a1a: 

Dr. Kamal Husselr. 

Mr. P. Rajasekh111ra 

Mill Manager 

Assistant Mill Manager Technical 

Chief of Production 

Chief Chemist Laboratory 

Engineer Laboratory 

Chief of Pulp Production 

Country Director, UNJDO, Turkey 

Pulp & Paper Consultant, UNIDO 
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ANNBX -IV 
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(,f tot .:t l 

lignin g.:t;;.. p1·ccipitatui .cit 1:-·H 1:·\·c·l ,f f .• n .r: ,.,-,se c:•f .;;,tr.:n.:s. 
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EF!:~~I ___ or ___ CQ~~ONC'J~~.l!:!.~:r10N ON FLUE GAS REQUIREMENT 
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