
UTILIZATION OF PULP,AND P~PERINDUSTRY WASTE FOR CHEMICALS- A REVIEW

- Dhak e ,J .D •*

INTRODUCTION
The problem of pollution abatement is intimately associated with

utilization of wastes. Raw materials are pulp and paper .industry are

ligno cellulosic materials such as wood, bamboo and agricultural resi-

dues; chemicals used for pulping, bleach~ngt stock preparation and

water. While gotn~ through various operations and processes, waste is

generated, whi ch 'may be solid waste such as bamboo/wood dust generated,

in chipper house, "c)od/bark waste generat'ed in wood yard, rejects of

screening systems, sludges generated at water treatment plants, chemical

recovery plants, effluent treatment plants or it may be in the form of

spent pulping liquor's, effluents from bleaching,stock p r ep a ra t i on., re~

covery, machine s ec t t on etc. D'i sp o sa l. of black liquor have always been

the obj ect of study ill the pulp and paper i ndu s t ry. Di rect di sposal of

spent liquors not only creates a grave problem of p oLl u t i ng ground water

but also is wasteful.

Growi ng awa rene ss abou t p ol I u t i on free envi ronmen tin pub li c and

Government makes it obligatory on the part of managements of pulp ·and

paper industries to treat these wastes and recycle it as far as p o s s i »

ble. Conventional treatment methods are' capable of removing upto 90-95
per cent BOD. Other pollutants su~h as particulate matter,COD, sludges,

a'c i d i t y , alkalinity can a l s o be removed by app r cp r.i a t e methods. The

constraints in treatment of waste are more e con omi ca.I than ,technological,

however. Paper mills having capacity upto ~O tons per day find itdift-

icult economically to recover, renovate and reuse spent liquors using.

conventional recovery system~.

Utilization of spent sulphite liquor is well established in u.S.

Canada, Norway and Sweden. In India almost, all rm Ll s are u si ng Kraft

and Soda pulping and are using hard wood/bamboo/agricultural residues as

raw material. These raw mat-e r i a l s are not rich in resin acids and
.' ,..

therefore Tall oil ~ecovery is not p-racticed in India. Similarly because

of complexity of hard wood lignins, commer,cial p r oduc t i on of vanilin

may not prove to be economical. Proper approach therefore appears to

c onv e r t Ligno-cellulosic solid waste to useful organic ch emi ca l s : to

separate organic chemical values in form of lignin p r ep onal t ou s from

spent liquor~,recycie inorganic chemicals from spent Liquors and then

treat the effluents with available methods to reduce BOD. COD, colo~r;

alkalinity, acidity etc.
«. Laxminarayan Institute of 'I'e chn ologv , Nagpu r Unt v e r s i t v j Naz pu r ,

IPPTA convention Issue 1987



20

The use of lignocellJiloslc material as a base for production of

chemicals although un e conomt.c , compareato petroleum as a base, is worth

considering when it is viewed as a part of pollution abatement.

Following is a brief review of method s developed to get useful che-
micals from pulp and paper industry waste.!

CHEMICALS FROM WOOD/BARKWASTE

Activated carbon:

Lignocellulosic material .su ch as saw dust, bamboo dust, broken chips

partly pulverized bark is reported1a to have been converte& into activate' . ,

'ca rb on . The material was first treated with inorganic acid to remove

sug a r s at low temperature range. Acid -ex.t r a c t ad material was then n~,~ed

at 450°C for nine hours and for one hour at 8000(:. While steam was
' . -

being injected. The tar was removed as condensate in this h i.gh tempera~

tu r e, range. About 22 % yield of' activated carbon was reported.

Y.Shirai
2

and others have claimed continuous production 6f activa-

ted carbon by carbonization of c e lIu l o s t c ma t e n t aI impregnated with

activating agent such as zinc chloride. The process involved conti-

nU0US supply, of activating agent-impregnated material into carbonizing

20necontaining p r ev i ous.l y carbonized cellulosic material at su ch

constant flow rate as to allow the impregnated material to reside for

fifteen rriinutes in the carbonizing zone. The impregnated material was

carbonized with the carbonized cellulosic material heated to 3?00C

by counter currently supplied hot gases and which formed an agitated

fluidized bed by being f l u i d i z ed with hot gas stream 'and beingstirred

by a mechanical means. The total weigh tof the p r odu c t was two, th trd
of 'the original we igh t of the wood material supplied.

Ir

Chemicals from Bark:

Bark along with other refuse creates a disposal pt;oblem for paper
, ,

mills using hard Wood as raw material. UtiLization of bark can be
developed on following lines.

i) As a source of fuel for steam generation.

ii) As a source of chemicals, parti~ularly iannin~ and tannin 4jke

compounds, which would be recovered by water/acid/alfali extra-
e't i on of bark prior to burning.
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iii) 'Ma rg i na l utilization as soil conditioner, extender for thermo~

setting resins3, oil well mud additive, reinforcing and stabi-
. 4

1i zing agen t f or polyp ropyl en e moul d i rig compound s .

Hydrolytic Degradation of Lignocellulosic waste to sugars':

Hard 'wood and agricultur~l residues are .r i ch in pentosans which

mainly contain xylan. Waste and refuse g~nerated from hard woods/

straw/bagasse while preparing these materials for pulping, could be

degraded, hyd r o l y t i ca l l y to D(t) Xylose and Xylitol, which are used

in food stuff a~ sweeteners" H-Friese5 described a process in which

hyd r o l y s i s was carried out in first stage with sodium hydroxide of

4 % concentration which removes acetic acid chemically bonded in the

wood as sodium acetate. "The liquid extract of this stage can be re-

used after it has been brought to the alkali concentration to be used.

In the second stage of processin, the residue from the first

stage containing pentosan and c e l Lo.l igni n was further hydrolyzed with

mineral ~ciid e.g. sulfuric acid. When working without pressure, 1.5 to

6% stren~th of H2S04, and a ra$io of liquid t~ solid of 3 to 6 parts

by volume was preferred~ Temperature was preferably 50 to 125°C and

time was 2-4 hours. After completion of the secorrd stage, the batch

was filtered, the filtrate could be worked to Xylo s e, or directly to

Xy1ito 1 •

The insoluble residue from the second stage could riext be used

to obtain organosolve lignin which was thermoplastic and very react-

ive; the material, this lignin preparation could be used as a base

material for dyestuffs and pesticides. The residue remained after

the" removal of lignin, on treatment with sodium chlorite followed,

by sodium hydroxide c oul d be converted to practically whi te cellulose

which could be used for industrial applications. Thu st a l I wood

waste cou-l d be converted to useful chemicals.

Syrithetic Fuel using Solar Furnace:

M.J.~ntaI6 described a process of producing gases such as CO2
CO, Cij4 and H2 from pyrolysis and gasification of solid organic waste

~ntain,ed within a reactor. The process compri ses solar heat ing of
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working fluid (steam, CO
2

or

means of solar top furnace.

lower section of the reactor

a mixture of gases) to 600°C to 700°C by

The working fluid was contained in the

situated at the focus of the solar top
furnace. The heated working fluid was injected under pressure into

porous reactant bed on which the catalyst (NaHC0
3
)- mixed organic waste

was situated. The catalyst-mixed organic waste was py r o l y z ed causing

the formation of CO2, CO, CH4 and. H2 gases and char residue.

The hydrogen produced could be utilized to replace natural gas

in a hydrogen economy, to make fertilizer or a s :a chemical feed stock.

It is claimed that process did not reqUire a source of pure oxygen,

and prOVided an ~ttractive method for using solar energy.

Basic Chemicals7:

Wood waste h.as a complex carbohydrate lignin structure requiring

severe conditions' to reduce it to such basic chemicals as Methanol,

Ethanol, Furfural and Phenols. Chemical production ~osts ar~' directly

related to scale and c ompl ex i t y of operation •. It is necessary to de-

.t ermine the quantum of the wood wast e fad 1i ty Jor the maximum si ze

con s t s t en t with availability of raw material. A single product f a c i »

lity appears not to be compet'itive. In order to he economic utiliza-

tion of the wood waste, multiple product faCility is essential.

BY-PRODUCTS FROM SPENT PULPING LIQUORS
Pulp and Paper industry has a very hfige lignin ~otential. Accord

ing to rough estimate for every ton of bleached pulp produced, ab ou t

0.5 ton of lignin is either wasted to sewer or used as a low value

fuel. If the means could be found t~ isolate it from spent pulping

liquor and to convert it to usable chemicals, the financial returns

might be su f f i c i en t to support separation and processing lignin pre-

parations from spent liquor, thus helping abar emen t of s t r eam ipo l u t t on

Lignin compound s from su 1phate black 1i quo r c oul d be p r e c i pi ta ted 8

by bubb lt ng CO2 into it at .ab ou t 60.°('. The precipitated lignin was

separated by fi Lt.rta t Lon and purified by dissolving in dry hexane and

r ep-r'ect p t t at t ng in ether. Alkal'i lignin could be isolated from soda

proc.ess black liquor by neutralizing it with CO2 from stack gases to

pH 8.3 to 8.5; about 40 % of the lignin was rep~rted9 to have been
IPPTA Convention ISlue 1987
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p.r e ct p t t a t ed . The mix was heated to 85°C - 900e to coagulate the

lignin· was filtered. Residual lignin could be further p r e c t p i t a

ted by addition of sulfuric/hydrochloric acid. Isolated l t gn i n was

washed first with cold water and then with dilute sulfuric acid and
dried on d ou b 1e d rumd r i e r •

The slimmy, gelatinous and hard to filter form of the precipi-

tated lignin from black liquor could be changed toa crystalline,

easily filterable and quick setlling preCipitate by mixing small

amount of wate.r-imi scible solvent such as chlorOform, methelyene

bromide, I-nitropropane or thelike.with lignin containing liquid

such as kraft/soda black liquor. Theeh 1o ro f o rm, or other agent,

may then be ,recovered from the filtered liquid by vacuum. or steam
dis til 1a ti on .-10

Lignin thus isolated could be converted to large surfac~area

lignins
ll

useful in drug formulations for adsorbing acids in the

digestiv~ system, due to their extremely high surfa~e area and their

acid-alkali resistence. Oth~r ~uggested uses include carrier~ for

a dh e s i v e s , catalyst snb s t r a t.e , reinforcement for plastics and ca r-r.-
Lers for insecticides and herbicides.

A method to produce biodegradable uncoloured lignin s~lutions

wa s de s cr t bed
12

whereinaqueou s I ignin sol u t ions such. a 5 'pulp mi 11

effluent was treated with polyvalent-metal ca t t on s, The .amoun t ·of

cation should be sufficient to react with l t gn i.n s , and the aroma-

tics to produce a water insol.uble p r ec ip i t a t e which was separated

from r ejna t n t ng liquor. The p r e c t p t t a te was subsequently acidified

,with acid solution and was a-l l owed to stand for sufficient .t t me to

permit digestion. The p r e c t p t t a t e thus formed was separated by ce-

ntrifugation; and was treated with a l ka l t to produoe aqueous basic

solution. This solution was found to be e f f ec t I.ve in controlling

scale f o rma-t i on in b o i le r water 'systems, when addedt 0 the se.sy st ems
in amount of 5-50 ppm. Thus method not only recovers valuable pro~

duct from effluerit but also reduces the amount of non-biode~ra~.ble

and toxic material's prior to discharge. In addition colour o,f the

final discharge is also Teduced.
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Sulpho me t hy l-a t ed alkalilignins mixed wt t h i aqu e ou s ferrous salt

snd dichromate and spray dried to a powdered product was reported
l3

to be useful as dri 11 ing .mud thinner.

M.S.DimitriI4 described a method fdr forming lignin reinforced

polymers by co-precipit·ating Lt gn t n z la t ex slurry and gas dryin~· the

slurry to leave a lignin r~inforced polymer free of inorganfc salts.

In a process, alkali lignin was d i s s o l v ed in ammonium hydroxides;

and the ammonium lignate thus formed was then modified by adding he~a-

m~thylenetetramine to the lignate and heating to 90o-110°C for two

hours. Thus tr ea t ed lignin was mixed with latex to give emu ls t on ,

which was precipitated by CO2• When the precipitate was dried at

3000F or below, inorganic salts formed in precipitation .sub l t med

leaving lignin/latexpolymer.

Lignin-polyisocyanate foamlS: Polyethylene glycol solution of

l t gn t n when treated with toluene di-isocyariate at 11SoC affoarded a

foam having good compressive strength and 74 % recovery. Polyurethane

type foam from lignin preparations and organic isocyanates are also

r~ported by T.R.Santelli and R.T.Wallac~16. These foams are useful

as plastics and adhesives.

W.l.Detroit17 reported the preparation of ozone t r ea t ed lignin

from kraft black liquor by treating lignin with oxygen containing

3.% ozone atSO~C for two hours; and spray drying the resulting

solution. Oxidi.zed lignin was found to be useful as dispersant for

a va r iety of inorganic materials such as Clay, Cement, Calcium Carbonate;

Titanium Dioxide. ~

Lignin adducts18~19 with 3:-chloro-2:-.hydroxypropane...;l-sulphonate, J

ch I o r omet han e sui ph ona te ~ ac r oI'e i n and the like 'compound.s a re a 1so
rep o r t ed' to be useful as surfactants in dyestuf:.f compositions.

. 20
An adhesive from Kraft or Soda black ~iquor was prepared by

reacting. th-t!·black liqu~r (dry matter' more than 2S %) with a f o rrrra-'

,ldenyde and combining the. product with separately prepared phenol-
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formaldehyde adhesive.

Lignin preparations from pulping liquor chemically modified by

reaction w i t h compounds such as formaldehyde, triazines, "a l ky l am t n es

were found21 tobe useful as coagulants in treatment of sewage and

other wastes. Cationic water soluble lignin amines22 prepared by

reacting Kraft/Soda lignins with the reaction product of epichloro-

hydrin and a tertiary amine were suitable for a variety of use~ such

as flocculating agents, coagulants, retention aids, d-i sp e r s ing agents,

asphalt emulsifiers23 and emulsion stabilizers.

Chlorobrominated lignins24 were highly effective fire retarqing

agents. .Ln one method, the inflamablematerial was coated or s oa k ed

with an aqueous slurry or alkaline solution of ch l o r ob r orni nat.ed lig-

nin followed by drying. In addition chlorobrominated lignins could

be combined with bonding compositions used for the' production of

bonded articles from particulate material, such as fibers, chips,

granules, saw dust etc. ego in the formation of chip board, particle

board and the like. Chorobromination was effected by adding chlorin~

and bromin concurrently or in two step operation. After completion

of the reaction, the chlorobrominated lignin was filtered, wa sh ed va nd
d r i ed.

M.S.Dimitri and S.I.Falkehag25 described composites of alkali

lignin and biologically active agents such as furgicides, insecticides

nematocides, herbicides and the like which were useful as controlled

release pesticides. These composites were prepared by intermixing

ammonium salt of lignin with active agent under conditions of 'high

shear mixing to form stable emulsion; acidifying the emulsion with

mineral acid at pH 4-5 to precipitate the active agent/lignin emul-

sion with the a cti v e agent being physically absorbed within, the lignin

and drying the precipitate if desired.

Oxidation of Black Liquor:

Rapson and Reeve26 developed a process in whichkraft mill opera-

tion was integrated with a bleach pl~nt to eliminate liquid efflu~nts

from bleach plant. In this process sodium sulphide-sodium chloride

smelt was sub j e c t ed to fractionation to obtain aqueous solution of

sodium sulphide and to leave sodium chloride.
IPPTA Convention Issue 1987
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27 28Ox ida t i on of black liquor ' is one of the processes wh i cn
not only reduces a t r po llu r i on but a lse reduces sulfur losses from
multiple effect evaporators, direct contact evaporators and recovery
furnace.

G.G.Copeland29 developed a process in which dried black liquor
was burned in oxidation fUrnace to produce hot g_ses and molte~ smelt
containing the inorganic constituents. Heat was recovered from the
hot gasps by heat exchangers, while the molten smelt was further rege-
nerated by conventional means. The separation of, st~am generating
heat recovery system from the oxidation furnace eliminates the possi-
bility of acc id en t a l introduction of water into molten smelt in the
furnace thus eliminating explosion hazard. The use of simple conven-
tional waste heat boiler for steam generation in place of the compli-
cated recov e ry furnace greately reduces the cost of entire system.

Other Treatments of Black Liquor.:
H.V.H@ss and E.L.Cole30 described the coking of black liquor. In

a process black l.iquor was heated in absence of free oxygen t o an ele-
'vated temperature (450°-625°F) and pressure to prevent vaporization
of the .wat er , for a period sufficient to produce granular coke. The
coke was separated from the aqueou~ phase to yield an aqueous efflu-
ent of low COD. The coke p~oduced might be burned to supply heat,
or used as a soil conditioner or carbonized to produce high grade coke
for ~etalurigical purposes or used to produce activated carbon.

Organic values of black liquor have been converted into heat
en e rgy and activated carbon by a method31 which eliminates the recovery
boil~r from pulping l~quor regeneration systems. Black liquor conta-
ining 16 % solids or ev~n lower or at any solids content upto 65 %
was hydropyrolyzed under very high pressure at 550°-650°F. The orgemic
matter separates as a water-insol~ble precipitate a long with inorganic
constituents such as Na2C03, and minor amounts of Na2S04, Na2S.
The organiC matter could be utilized to produce heat energy or activated
carbon which itself could be used for purifying effluents from various
section of.paper mill.

l

J
I
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Life mud comprising calcium carbonate was found, to be useful in

removing colour from pulping liquid waste effluents. In a process
32

effluents were treated with lime mud followed by clarification, separa-

tion of effluents from classfiers to remove colour bodies.

Utilization of spent liquor much depends on economic separation

of its organic chemical values and inorganic chemical values from it.

Modern techniques using h'Reverse Osm~sis(RO), Ultrafiltration(UF),
IEU~ectrodialysis (ED) have opened new horizons for treatment of spent

pulping liquors particularly from small paper mills economically.

Basu33 and Co-workers have worked extensively on the applicability

of these techniques and their results are encouraging.
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