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Mission to India of Mr P.b. Bleier, September s984

lo terminate the H&u phase I of pilot desilication by submerse 
carbonaticn, the original intention was to quantify the 
operation by installation of metering and control equipment 
in the pilot submerse reactor erected and operated during 
Bleier's work in Fort Songadh, March 1984. Tnis was made 
impossible by delay in delivery ot the metering equipment.
Bleier however traveled to Songadh on September 13 to join 
the co-expert Mr j. Leffler, who had gone to Songadh at the begin 
or the month in order to attend to flowsheet and site selection 
for the phase II, erection of a mill size demonstration desilica
tion plant.
The ensuing pilot plant work resulted in additional confirmation 
of the viability of the chosen desili .ation procedure and 
in deeper understanding of the underlying chemistry.
Improved desili~ation, improved filterability and improved 
chances of realkalization by vacuum decarbonation was achieved.

1) Mode of Larbonation; Two Stage Submerse Keactor.

The importance of well controlled, gentle carbonaticn was 
again proved. Carbonatior. trials during monsoon time (June to 
August,Songadh report XIII, exp 11 - 26) under basically 
unchanged operating conditions (unchecked because of lacking 
control gauges) miscarried, because of inevitable lignin 
coprecipitation.This unwelcome phenomenon was never proper
ly elucidated; pulping of bamboo, partially decomposed by 
wet storage under admixture of local hardwood was however 
suspected. Subsequently carbonation proceedure was changed 
to a batchtype operation in order to avoid direct and sudu-an 
interaction of fresh alkaline liquor with carbonated p H l1G 
liquor, containing flocculated silica precipitate. Now, witnout 
improved pulping raw material, light coloured, quick fil
tering silica mud was obtained; the critical pH/30° of visible 
precipitation was lowered from 11.1 (!) to 1G.3 and without 
brown coprecipitate, the ph could be lowered to 9.8 (!) with 
consequent excellent desilication.
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Proceeding from batchtype to continuous operation 
by carefully bleeding fresh liquor into the thermostatic 
circulation (Mehmert) tank and withrawing carbonated material 
from the outer shell of the submerse reactor -both at the rate 
of 7GG ml/min (40 1/h)- it mas also possible to obtain 
light coloured, quick filtering silica mud; the process was 
run far a length of time, sufficient to replace the carbo
nated liquor produced in the initial "batchtypd1 operation.

To realize a longstanding desire for multistage carbonation 
(see earlier reports), also circumventing the impact of fresh 
liquor on acidified liquor, it was decided to add a second 
submerse reaction stage, utilizing available glass sections 
supplemented by sections produced and fitted by the Songadh 
workshop. Both stages were alike, circulation of the first 
stage being provided by a centrifugal pump, the fflohno pump 
being used for the second stage. The first stage was operated 
well above the pH of visible precipitation.(It can be supocsed, 
that submicro sc oo ic precipitation of silica and possibly also 
of organic material takes place well above the 'Visible" preci- 
ptiation pH).
Two stage carbonation results in unusually bulky floccs and con
sequently rapid filterability. The preciptated silica mud is 
of light greyish colour. pH can be lowered below pH/30° of 1o 
without brown coprecipitation and with good desilication.
All carbonation trials refsred to above were carried out on 
black liquors from bamboo/hardwood mixtures of 40/50 to 5C/5G, 
showing that gentle carbonation permits selective silica 
precipitation even in presence of rather unstaole hardwood 
lignin.
earlier experience is confirmed that,the gentler carbonationtthe 
lower is the pH of visible precipitation and the lower is 
the permissible final pH before lignin coprécipitation !!
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2) Limit of desilication.
With lowering the final precipitation pH/30° to or below 1o.C 
the retained silica (at 70°C!) in the filtrate was reduced
to 0.6/0,7 gpl ana even to 0.46 gpl ( exp 34). This repeats 
the desilication level attained in early work at Ashok Pulp 
rnills/Assam whilst all previous work in Fort Songadh 
stopped at a minimal barrier of 1.1/1.2 gpl dissolved silica

The now established silica solubility is in good agreement
with data published by K. Goto (J. Chen. Soc. Jap., Pure them Sect

A further improvement of desilication by lowering silica 
solubility further by judicious addition of polyvalent metal 
ions can.be hoped for. (Cf. silica removal from boiler food 
water). However all trials run so far with lime, slaked lime 
alumn or small amounts of magnesium .nave not succeeded 
in improving desilication of black liquor.
Silica solubility is independent of initial silica concentra
tion and does not seem to vary with black liquor solids content; 
therefore higher initial silica content improves the rote of 
desilication by pH reduction.

76, 1 364, (1 959)) as reported by k .K. H e r ,  'Chemistry of Silica, 
Wiley, 1979, p 84. isoo --- 1---j--- 1---[-- \—1500
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(from Goto ( lo7a)j.
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3) Additional Information on Carbonation.

The adaptation b/ CPPHI of a rapid colourimetric method 
for C02 determination for black liquor analysis mas of much 
help to study the relationship between the degree of 
carbonation, pH reduction and des ilication. This method 
served in place of measurement of C02 quantities entering 
and leaving the submerse reactor; the available colcurimeter 
was of insufficient accuracy to permit detailed investi
gations .
Earlier acidimetry of black licuor was confirmed. Black 
liquors from Fort Scngadh mill 1983 and 1984 (as well as Eu
ropean wood and wheat straw black liquors) have similar 
acid requirements for pH/3Q° reduction from over 12 to 
abut 10. With good agreement between sulfuric acidifica
tion (H25G4: dibasic) and carbonation (CG2rmonobasic) the 
present acid d-mand for oesilication by pH reduction was 
found to be 0.275 equivalent/liter.
Independently of the acid used, the rate of pH reduction de
creases as pH reduction proceeds,probably because of the 
buffering action of organic salts and of ligninates.
However, whilst sulfuric acidification will continue also be
yond the point of lignin precipitation,CQ2 sorption practically 
comes to a standstill at a pH/3G° of 10.2 (corresponding to 
a pn of about 9.9 at 70°). On continuing carbonation, the re
sistance towards C02 sorption results in a very slow (gentle) 
acidification, which we have learned is the precondition 
for selective precipitation of clean silica. In fact, in the 
submerse reactor, it was possible to reduce 0^/30° to 9.7 (!)

9

at the same time reducing -without lignin coprecipitation- 
the 70°silica solubility to 0.5 gpl by almost completely 
suppressing the ionic silica species ( H++ HoiC ” £ 5 iG.. + H..U)

c.

The phenomenen described can best be interpreted by approaching 
or the equilibrium of bicarbonate formation/dissociation: 
Ha2 CG^+CC^ + H2 r: 2 MaHCO^. 'with this understanding it will
be possible to choose such working conditions that permit 
optimizing carbonation as well as uecarbonation.
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Analysis shows that on approaching the equilibrium there 
is four times as much bicarbonate present than carbonate.
This would mean that all of the free alkali,almost all of 
the sodium silicate and some of the carbonate of the initial 
liquor is transformed into bicarbonate.However, it must be 
assumed that C02 also frees some of the weak organic acids 
and some phenolic groups from the sodium compounds formed 
during pulping, a process that is not likely to be completely 
reversible on realkalization.

4) Sedimentation and Filtration.
Both sedimentation and filtration depend on proper flocculation. 
It has been stated before that submerse carbonation, parti
cularity when performed in two stages, results in coarse and 
stable floccs. It is possibly the rapid primary circulation 
and slow secondary circulation in the submerse reactor, that 
is beneficial to the aggregation of silica floccs.
The rate of sedimentation and of filtration had increased.

Also the sediment volume increased somewhat to a silica con
tent in the sediment of only 15 gpl.
Sedimentation in a 5QC ml measuring cylinder (about 35 cm) 
was complete after one hour. However -repeating earlier re
sults- the decantate contained somewhat more silica than the 
filtrate (exp 39: 1.1 gpl instead of 0.8 gpl Si02), indicating, 
that some very finely divided silica had not been collected 
by the large sedimenting floccs. Unless this problem can be 
solved, the inclusion of clarification -before filtration- 
in the flow sheet of the large demonstration plant is not 
advisable.
Filtration was speedier than ever before. On building a 8 mm 
filtercake by filtering 4.5 liter carbonated black liquor 
through a 11 cm 0 Buchner funnel over paper, the intial

3 2 j ifiltration speed was 25 m /m /h, the final speed was 0 m /m~/h
3 2and the average 6 m /m /h.

First experiments shewed that medium dense monofil wire screen 
retained the filteroake like filieroaper.
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tarlier work with packed column carbonation indicated 
improved filterability after hot retention of the carbonated 
liquor. In the recent desilication trials, however, filter- 
ability severely deteriorated when the hot carbonated liquor 
was kept for more than ¿0 minutes. In some cases excellent 
initial filterability of light coloured f1occs turned into 
non filtering material of darker colour. It seems that some 
postprecipitation of lignins occurs, whilst pH and degree 
of desilication remain unchanged. The obseved phenomenon 
needs further elucidation but must be taken as a warning 
against large scale indermediate clarification.
Note was taken of the fact observed since the begin of experi
mental project work, that whenever some vacuum builds up 
in the filtering flask due to filtration resistance, the 
filtrate coming from the stem of the filter funnel is bubbling 
and foamy. This is probably due to degasing rather than to 
boiling; the filtrate collected in the flask does not ‘'boil", 
black liquor foam at pH 1D is not stable.

5) Oecarbonation and realkalization.
Vacuum treatment of desilirated hot carbonated black liquor 
strips some of the CG2 and reduces the alkali demand on 
backtitration and on realkalization to the point of normal 
viscosity of the concentrated black liquor.
Hot laboratory viscometry an realkalized carbonated liquor 
shows, that considerably more caustic soda is required for 
adequate fluidity after evaporation to 50/o solids content, 
than corresponds to C02 required for desilication ( about 
G.4 equivalents alkali after carbonation with 0275 equ/liter). 
Some condensation reactions that take olace during caroonaticn 
apparently are not reversible. In respect of thick liquor 
viscosity, there is no difference between immediate and dela.'ea 
realkalisatian, The amount of alkali required at present ex
ceeds the quantity required to make up present alkali losses. Further

9

investigations will have to show how far realkalisation re
quirements can be reduced by more careful carbonation and by 
optimized C02 stripping by steam or by vacuum.



- 7 -

6) Acknouiledgement and Future Work
The cerbonatian work since the Unido Mission, March 1394,
by the Ford Songadh team guided by Mr Gopinath Rao,has to
be gratefully acknowledged.(See Annexe I) Equally thanks
are due to CPPRI, in particular to Dr R.M. Mathur assisted
by Mr 5 l\lai-*thani who spent an extended time in Songadh cooperating
in carbonation work and operating the LPPRI laboratory
evaporation and hot viscometry equipment. (See also Annexe II
on CPPRI work on realkalization).
Collaboration with the Unido co-exoert Mr J Leffler and 
with all members of the team was pleasant and constructive.

A list of urgent problems to be attended to by the Songadh 
and CPPRI teams (the latter preferably also continuing to 
work in Songadh) is enclosed as Annexe III.

At a final meeting with Mr Gopinath Rao and Dr Shenoy (Parkhe 
Research Institute), the following points were covered:
1) The pilot submerse reactor is to be expanded to a full glass 
3-stage unit.The additional glass sections (Schott, Mainz)
and rotameters to measure the gas flow to the three stages 
are to be selected oy Mr G.nao, to be ordered by Unido.
The po sibility to dismantle the pilot plant into its modular 
sections has to ce maintained for tranfer to a new location 
at a later date.
2) A new equipment for laboratory evaporation and for hot 
viscometry will be procured. Dr Mathur will advise on de
sign and on type of viscometer.
3 )Dr Mathur CPPh I will also advise on precisian required 
of a new colourimeter for determination of the degree of 
carbonation.
4) It was suggested that submerse carbonation work on
model solutions should include sulfate and soda green liquors.
5) Investigating the ageing of carbonate black liquor (Annexe Il/w) 
attention should be given to lignin postprecipitation.
6) Attempts should be made to find conditions of carbonation 
and of aftertreatment permitting the lowering of the silica 
content of decantates to the silica level of tne corresponding 
filtrates.
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7) Or Shenoy suggested that the study of temperature as 
carbonation variable (Annexe II, A2) should be undertaken
with the understanding, that under practical operation conditions 
temperature cannot be kept constant.
8) Finally it was stressed, that in the past it had been un
warranted to neglect LU2 stripping as an important part mea
sure of realkalization, Whilst degassing vacuum equipment
is available in Songadh on entry of black liquor into the 
evaporation sector, sophisticated and highly efficient and 
sophisticated degassing equipment also is available.

9) Summary of Meeting with Government of India Officials,
New Delhi, 1 October.
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4. Do si 11 cation of w.B.L. in s.R. with continuous carbonation 
gygtoa.

4.1

4.;

Zn the se p a rticu la r t r i a l  tj.B.L. vea processed continuous 
s ly  in  tha S.R. '¿he o ve r flew  frcra tha S.R. v:3a d ir e c t ly  
to&en out as a p ro cue t  w ithout rec ircu la tin g  i t  bsd; to  
tha riarrsartsS hsatar.

Tha oquipKsnto \&zo arranged in  tha s im ila r menr.ar as th a t 
o f  regu lar S.R. Tha only c l t 2rstic?n isada that a *TS 
va » provicad ca the d e liv e ry  nice o f  tha Xtolroo pxnap bnforo 
tha CO,, injectDVe to LJforcate i t a  flow . Only £00-1200 sal/ 
nin. &«!*• ¿low w3s passed through th3 S.R. end res t v-3;? 
SoTr&n h'-CiC to re report# ha a to r . Tha fresh &*!♦» wag 
to tha roresart hr.o-rojf in  the ra t i as thns o f  prvltst
output. Ths C0../;h.r tsoo adjusted cccordira to  tha h .h .
¿low ta product p a  10»i •  2  10*3 .

•he r e m its  are tabulated in  tha tab le iiooi* th io l j&»32#
*i Cl */ »_* *

4.S

.  ?  r- . .

The observations; «nil occlusions «re- ■oo failcn-a s -«
*f:.a tu v:ho T.l •:'.•• oatstudhic-ro in CeiZ-h. 
hi-r:a rrr. n Of od- { CV5 »  2

cone’." ohC:;.,cc n? :•••:••;.ntiV.n 
tent •.., •_•. q ;;

;; t.--

-> ■> r*. t-

¿. -S in S.H. • r:nC.
7 ^ }  it . ' ->.S C. ■**
n:.;- . d,v oh’/*.
-Vij over . ■ * 'r. ** Cn ' ’ •*
.th csos::c-:,';ah goajt ¿. h ’ •?.:•
£’'■’■• c~h>n er-.l

of C;.v-V."CZ-r phi: si

Fors: prshJy.ri ur- Zees eovore fee because of rsdusedV . <i-. * FjOs; pro':;
thdoucr.*-;..

4.3.3 2b -.zc trl
groorti c-
Ptoci pi

4



5.

5.1

5.2

5.3 

5 c 3.2

r. '>

«;e ̂1

Da s i l i c a t i  on o f  W.n.L. in  tv.o stage catfconation.

In  the s ing le  stage continuous operation as the product 
pH o f  B .L. k^3 d i f f i c u l t  to  con tro l i t  was further 
e£cick»d that tit? carfcontatien should be cteviCed into 
tvro stages u?ir*g cif&eranh 3.3.5. in  order to carryout 
slow carfcontstion.

Arrangement o f thè CQUlpoantct-

The arr«ncop7?nt rare rabico thè ry stoni shcwn in Drawing 
io 3i*~i91-03-G3 annoxad. Ora 3.S. subtierao r»-«rotar
tc'-s fabricucici in. C.P.n. vrorr.rhep oca v:?s connected in  
ce rie s uLth tlia o ld  giase barbio rsactor.

The COVAir r^'r-ply vras d i v idea i r t o  tro  fetraams v/ith 
cca-rE-te centrai vclVi! ;3 to echiovs batter peccala contro io 
Tho circu iati-sii ratas theouch ttv.: I s t  tnd ?nd 3ar., \;aa 
}::*rc nearly tlm ssire at 5 Lit/r>.n. TP pet a 5.0 Itt/rrin. 
¿'io.: in  2ct st'-r-a S.*U*TJ ws.s pta videe. to tha cv;H*.wry 
ci.è= or KIhT.2 Poup <-:?d ovily clocinod enoeot vAn 
tbrough thri 1 at stogo s*a* proridot Boi*-*
£io j  v^3 rsclntoinoci a t ¿Si» ŝ v/alsì. isy c,w}j  n.Mtiac! vot control 
veioe;^ as rivO:;A in thè drawiirjp.

la  i ‘:~- isb i'dor-s C.3. don syotoia *.0,-5 ^oj.rvO-òv.oà ad a
V1 IdoS -  iUo? and ooiy L":j rl/sciss. •o'o.vdai;v o:.0i.oi:o.av ; 
 ̂ ói:/t7 ';--.v.o i;d  Lo ti:-a cecc.iò d*i'* ta coLio-V's LL.-

no -ò et pio od 10c0 - 20.2 o

iiV;oe•; !?«'>.; e-eoihion reto  w*?c r-.;;;;C.staù òhe c.c. „» nodo a-, 
w d  e.' tfcc nroA’-SCt output reto. '¿In C.A./uór v "-/.ver; vero 
cp'.;d‘ -£aù oaporcsaly to conirai tot pd iiv'dovii t.../: ¿.eiv*o.

Tdn ¿acuite are fc?fcuiatx:di in  ti?.; tabi-; i o d .  TPieX :,.^3?o3 .:

Cbnosvaticns end cotoltaicns.

7-!;a concept o£ tt\> rt-toe carbena-tion an
cvoJ/uatiozia.ty chiana i;i the co^imi-aus dvoilioa-cóon prcca. o 
yielding good filterable and ioir siiica ai*..*a;';a0

Ciritoary to the e a r lie r  eppre Isa cica, tho product 3.1»* 
rii control could he cotis f t o r i y  echiovnd hp ad}:?;.-/.:ing 
tifi 03,Jfds v~a,lV3 in * « cdrdancc**with Lob. ¿low.’

ror.ii problem v;?-3 tolerable and lesa covare but etili 
i>'.*rai5ting.

• o • ci
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5*3*4 She present trials gave encouraging results* further
detailed studies on feasibility and flexibility of this cystea for desilicatioa are going on*

5*3«5 Лее these results# it can be safely concluded tint slov cartoo nation of BJU» without giving to tie
psoAaet »•!*• or alxing the final product B*b* «ith faifa B*L* are the aost essential reguireaents for getting good desilicatioa efficiency as sell as a #i lie* sludge 
hfing good filteretion charecteri etic s* .

5«3*5 Sheas observations have a given rise to the thinking that 
в *  prototype Mill siae denoastration salt being г^»"гтй| a eininua of thrreeestages for carbonstion in 8*£*units •re required*
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/ A ^lYi'cKc lL-

UHIDO P r o je c t  U2/Ii’ D/79/206 
D e s i l ic a t io r  o f  bamboo BL

Further vork on h e s i l ic a t io n  P r o je c t  to  "be 
c a r r ie d  out by CPI-I & GPP HI as prepared by 
Hr. P G B le i e r  b e fo re  h is  deparature fr e n  
F o r t  Sonfadh. on 26.09.1964.

A) 0 AiiB OK A'f I  Ci-T:

1. Q u a n tific a t io n , running 2 -s tage  OR w ith  f lo w  
m eters , measuring UG  ̂ content b e fo re  and a l t e r  

passage through OR (G o s a t ).

2. In flu e n c e  o f tem perature on carbonation  ( c r i t i c a l  
v i s i b l e  p r e c ip i t a t io n  pii, i i a a l  p r e c ip ita t io n  pH, 

re ta in ed  d is so lv ed  a iv^  in  f i l t r a t e ; .

3. In flu en ce  o f  GC9 concert t ra t io n  or. above p~:.‘ 
(If/- tC2 + 30: g u

„ . . .  .u .
• i v C? «1

4. Gonrpleting a c id i f ic a t io n  w ith  lh.Hu,,. Gonu r r c i r2 -r
o f  a c id i f ic a t io n  w ith  i:,H;G..<- *)■

5. Garbonation o f  model s o lu t io n  trith  6 g o l  I-aOH, 

26 ¿ p i H&gGCv 6 6 g p l t>iC2 (oh  fahGiO^) va ry in g  

tem perature ¿; GGg con cen tra tion .

6, i-1 es.su reaen t or pH c a r o on at e/mod e l  s o lu t io n  .at 

d i f f e r e n t  tem peratures.

7. P a r t ia l  a c id i f ic a t io n  by in  GO^/eir ( s t a b i l i 

z a t io n  o f  l i g n in ) .



DEU A KB Or: ATI Q? ( AT 1QQQ C ) »

1. In  vacuum/100°C/optimizing

2. By steam under p ressu re .

5. Decarbonation o f  model s o lu t io n .

Airlfftt 01- C/.FBCMA^D BL;

1. P r e c ip it a t io n  c. v is c o s i t y  on evaporation  a f t  
d i f f e r e n t  lengtxis o f  hot s to ra ge  ( l i g n in  ¿t 
s i l i c a ) .

2. pH change on hot s to ra ge .

•7 ing in  depe C ace o f  f in a l  pH are on speed
o f e c i d i f i  cation. •

S I I ISA v  f  v ; , t 5  yt Tfpv 
*-> W a r .  : < X JXJL. X J. •

•

1. In dependence o f pH, VO  ̂ con ten t and to rp e ra
in V.I3L and in model in o rga n ic  s o lu t i on (by
ca rton a tion  end a lso  by a d d ition  o f  itot s i l i
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E) FILTflATICff & VASHIKG:

1. Test d i f f e r e n t  m on o fil f i l t e r  c lo th  from ' D e lco ' 
(b u ild in g  6 nun wet f i l t e r  ca k es ).

2. determ ine vo id  volume in  wet f i l t e r  ca k e ).

3. in v e s t ig a te  back-solving o f  l ig n in  s i l i c a  and 

absorbed a lk a l i  by washing w ith  hot and co ld  
w ater.

Try to  ch a ra c te r is e  non 
s i l i c a  mud ( l i g n in ,  errb

s i l i c a  cont&fiiination in  
ohydrate, AlgC^, P e ^ ,

5 ro t  am in e H.̂ 0 content o f a ir  dry (105°0 ) s i l i c a  
m u d .

10 R7; /; TV :0i

1 uontinue Ulh.'-J work on in v e s t ig a t in g  cause f o r  

in creased  a lk a l i  demand o f carbonated EL.

t
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d e s i l i c a t i o n  p r o j e c t - u s / i n d/79/206.

Realkalizction of carbonated black liquor has now
been considered ss on integral part of desiiicsticn 
process. It would be necessary to keep certain optimum 
level of fre« alkali for smooth evaporation of block 
liquor. Results of caustic suae end line realkalizction 
of carbonated black liquors ?rs discussed below.

The carbonated block liquer was Collected frew Central 
Pulp kills Ltd after the f i. lire t ion stage. Diff :• rent 
r;:?:n]cs of ? sOR were added to curbonetud liquor end reflu- 
M.d for 30 :r«ir»utes. Rr-siluai active alkali (C/t.f.) was 
d~\* miner. ¿-v ter cuolir.g the liquor. ui.--.il orly differ ant 
l i -- di!«-cqcc i/'jrs *ddsd end r'-vi-.ued for £.'j minutes. The
ra-uii3 of lira rs e .1 !•: r li ration L cauati
era given b r. i -
Crrbeuntcd ..cbine!: iiojor:

roelkr K  re hion

aolidc 
R. A . A
pH at 30“C 

Lima samnlee ;

-  1 U . 4/4

- '0 -(e B-iO. g/1 as ii,£G
- 9 .6 a (Dscies.-.e in pH dva tc >;torog;

for about or.:; week)

Line r. a-pica ware coll ectwd f ror Cf:L - rid also from 
local lire kilns. Thu uuritv of line e.-m .-j le as Q was' ** t
cl e t c m i n  c d.
!ia <j 1 knliza 11 r.r. hv c ' u .tic sdci iti un g

Cl .1. #
Nci.

Ccusti c 
addn . - 
N3 CH,g/i

pH f tiia 
b 1 a c k I i :• j a £ 

2Q<1

! < • A •
• J ‘J »♦

A. r< /1
n - 0t.

0. . . i c
CC-o £ : 1
ad ,,/i

La unit 
- :ii 
effic:

4'A
L a J c
a t c J

c.l- Actual

1 N I i. 9, £• 5 «. 3.A *.

*. 2.4 10.02 C.O 5.0 1 .0 4 1.7
3 A

-J • 4 10.0" T.n 5.2 2.2 41.1
1 4.4 1 f’.1 4 0.0 5.6 3. A 4 h . H
c( r̂. I0.f! 9.0 5. H • * f # i

 ̂ \ » •» j1 J 10.0 l' • ̂ * c' r ,. ' « .'
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The caustic added was in the form of concentrated 
solution' of known strength. From the results it‘is clear 
that there is a difference in calculated and actual values 
of R.A.A. Difference is attributed to the consumption of 
sodium hydroxide by some phenolic hydroxide and carboxyl 
groups liberated by reduction in pH during carbonation 
(— OF.a * >*■ Lc-2 —■ b!i)» (—CbGi;a Ca2 CLibH) ̂ h y d r o x i d e  
consumption reached a maximum and then decreased slowly 
■similar observations were made in lime re alkoli zotior;.

:alizaticn ora given below:

by lime(Local Debradun line)

s of lir.iO ren

<i 2 (11. Ksli ratio;

S. f.Ci. Lime do
y/i

en:;e Lime t  g/i *>>.*] R . A .  A rr. Ha-0 
(corrected ph C/X -:

for pur_ty"r; Cnicui- Actual
£. t e d

Coestici- 
zing
c f ficieac.» 

{ •

1 3 , 5 -r 7 - 7f • ( I 9.77 9.0 4.2 4.0
o
L. 5 n

-  • \J
* 0 c1 v J J Cl nrt -\ 1 < 4* 4 22. E

7.5 1 v .  o 3 10.23 14.1 7.4 . m -

4 1 (J . 5 23.04 10.70 19.0 ?.n 4 - T -> . • m • *

': ;.veilsble 15.ne index = A.-.O.j

RoalJk *1 i ratior; urin n CPii lime sarnie

5 . ri o . Lime riot
s/i

O ,'j 1» ci L/

rgz Li-T:a,r/1
(correctsd 
fer purity'

j ^ '  * • ; -  ; 1 - n Li .w *» * t% 9  »* *- -> 1 • n *./

P!i p/-i. '
') Calcul- Actual 

a ted . ,.*v

l*L '.i C v -J- -L

off ici-wr;;

4» 5 1 1 . 22 10.20 2.52 3. 7 12.22
2 7 1 5.71 1/2.66 4.1 6 11.6 25.6

s 17.95 10.90 5.1 6 1 3.0 31.22
4 10 22.44 11.01 7.22 15.00 40. Q5
5 12 26.93 11.03 3.4i 10.74 39.91

* Available lime index = G:\. 56:-i

Th.» result'': of lima realkalization show th ¡.t t 
cau:; lie i ;,ir.g efficiency of lime ¿¡t the initial star; 
very lev;. The maximum caustici zing efficiency of 1
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m t

in the case of carbonated black liquor is less than 
4 0::. The lima samples showed ?6;j causticizing effici
ency with pure r»a2C0? solution.

From the results it is evident that the sodium 
hydroxide liberated by lime causticizaticn is readilv
con sc ms d by some organic components leading to lower 
value of h. A.A. compared to theoretical values. Lvcn 
the court lei ring a fficicncy, which was calculated based

aii, is net th
i n  0 3  CO !', C 1 U C c

ertu al 1n cr0a 5 s in rasideal active ci

out off;: CX C:"i Cy Of tho conVOr cion. It
at bote in caustic os well ' us lime. r;

el t‘ f died -O ii r a t J : sc.-, h ~.to

b.V Or-Jinic C:
: ' , n  CO no urn ad 

Futher studies would be
the or-.cent ■yJ>

■ hr: '  r-:-
• ^  f :■ * t y

1 1 >

?.or,

rhsrc ic- r.o s i g n i f  i c  an t d i f f e r e n c e  in-Cli c i;-:. 
'¡n;re a l t e r  nut..' method" f o r  -Li; Z —CCu 

.•ill ire t r i e d .
group Ct!t:

i . L: :; I L: T Y . - Lirr ...IIM h i i d  \L I Z..T I •if.1__
Ir.v •’ r t i  o a ti on , cr; r, Q 1 L-
;jJ i a. > v A w U j  a >c w r. s
i'C’ is net dos i” a' > i  e  f  o
-  1f ....... . .  ̂ T .* _-  z .  : j  : % ’ j k ./x .\c t i c n
- ». r t j Ivl cvb l iquor r* \ * r »■> r.T- — f - W
—i t;utt ling rato 0 ■? u r *2
fit si dby the dir :: olv ed
. te r mined* For cue.;; an

H q.jcr was o l io WCu OC

C C l C i i n  Ci u •; i n :;

Ji I f,:> f 'ed". Inert noeci awcur, t 
a is  not do si '•aula f  or ovoporntic

u rxn 
• ;V * 1 .

_ . .______( ____. ____ _

-'■-nt ciiiriy the d ir  solved as . e l l  an suspended sole
• A ___' . I 1̂ __  _ ___l _.J _ 1 _ i. L ______ _ 1 ' 1 • _

> Z '■ c

bl. -
lieuor r « . f  ran different levels of supernal :;nt



1
1

zone was pipetted. For dissolved calcium. A portion 
of realkalized black liquor '-ns centrifs:rrjcu at 7000 rpir.

clear liquor, free from sue ponded c.-lciuir. us a trinen.an;
The. calcium :sti r.-ted by fJcna photometer. The
results are riven below.

i

i

LiiTif;
ri c ?n r$_ / ^ r~  _  p̂

J • A . A 
n / l  a l
:: —  n

- d e s o l i
c a l c i o ; -
; - c / l

/ r? »i Suspend  
.» c e l e  i l i

p, u- /

T o t a l
Lu l e i  uni 

r: n /1

i  .1 • . 0 3 - - “

5 1 .3 0 1 20 2 90 4 1 0

7 J.uO 120 3 50 4 70

a :*- • 1 ? 3 ' 3 5 f 51 0

*i ^ *7 ."f o 1 * 1,- : so /1 fn G1G
.. 4 *t r* 73-, rj * t •f «- .....

—*■- — ------------
A f  t  e :■? e r: a

—■—*----

... 7 1 I'M 1
Uoiio;

H1 a c !< Orni Cnlcu.1-  ̂■f' » ; - I brack ofira vi
liquor addo d atcc’ IU A. A r.ip »j j ó -I*— # 8H
c a i,i.o !e p/i R # . A r;/l -,r solids

j

as d.?-,r. r;/i
OC
Wa20

k ^ O

50/j 55

Initial Li.L i:il - 9.76 24 95
Carbon atad 0 1» w i.’ IL - 2 t 7 9 52 *

Hen Ik ali re d 3.L ¿.20 6.39 4.49 60 479
Realkali zrd 3.L 6.51 9.30 6,05 30 120

* Could not be determini: d due to u&p&ration &. 
precipitation.

From the results it c«.ri be concluded :n si the R. A,,
level over 6*0 g/i should bo 
able viscosity volo-;.

¡ufficimi to have reason-



V is c o s ity  o f lime re a lk a liz e d  black liq u o rs

R. A. A
_______ 6.02 g/1 _______
B.L. solids Viscosity

& rnPa. sec
at 20 0 C

R. A. A
_________ 9..D6 cj/1_______
3.L.solids v.isrosity

V* mPa.sc
at 60°

1 8.95 G. 5 12.22 1.3
34.95 1.6 *1 4? 1p O u • • .> 3.0
42.50 7.5 3 9.30

o 
n




