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SUMMARY

Method of preparation of milled wood lignin (MWL) and organosolve
lignin such as ethanol and dioxane lignin from pine is detailed. A comparison
bas been made of these lignin prepuatioils. " The elementary analysis, functional
group analyses, ultra-violet and infrared spectra ind.D1olecular weigbtof lignins
prepared were recorded. Quantitative estimation of nitrobenzene oxidation
products has been done by gas chromatograpbic technique. From all such
analyses Cg formulae, and the number of pbenylpropane unit in a lignin molecule
have been calculated. It was concluded that milled wood lignin is one in tbe
purest form. Organosolve lignins get relatively degraded during their isolation.
This difference is because of the acid used as an catalyst. The C. formulae of
the lignin preparations are :C.HS.3.O.·Ol (OCHS)O·9. (OHlI.Is {Phenolic-OH)o'18
for MWL: C.H88602'05 (OCHS)0.7 (Alit>batic.....;..OH)o 60 (Phenolic--OH)ClII for
ethanol lignin and q,HN.01 .&(OCHS)0'97 (Aliphatic OH)O'82 (Phenolic OH)o·.e for
dioxane lignin. .

INTRODUCTION

Most of the work reported in literature on
chemistry of lignin bas been done on' spruce
occuring in Europe and North America.
In India spruce is scarce. as itocctlrs in inassessi •.
ble regions. Chir (Pinus roxburghii)is an Indian
conifer which is readily available and is an
important r·aw material, for pulp and paper
industry. It is found in the slopes and foot-hills of
Hima)ays from about 450-2,300 metres and is
distributed in Jammu' & Kashmir. Punjab, Himachal
Pradesh and Uttar Pradesh. The total area under
pine forest in the country is estimated to be about
8,90,000 hectare.

For understanding the mechanism oC pulping
it is essential to isolate lignins from the wood in
its preform and ascribe structure to this lignin.

Bjorkman! opened up the possibility to
isolate lignin by purely physical method. By fine
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milling of wood in vibratory ball mill in presence
of toluene as an non-swelling solvent followed by
extraction with dioxatle, , he was able to isolate
about 50% of lignin of tbe wood. Bland and
Menshun" .found that larger yield of lignin
is obtained by mild alkali-pretreatment of wood
dust before milling. Brownell" has shown that
the main effect Of the alkali pretreatment was to
facilitate grinding by embrittment of the wood
rather than by bond cleavage.

Organosolve lignin is obtained by extracting
plant material with organic solvent like alcohols,
dioxane,acetone, ethylene, glycol. phenol etc.
Brauns' used pure ethanol and dioxane while
Holmberg and Runius! used ethanol in the presence
of acid as an catalyst and Pepper and Siddiquellahe

used acidified dioxane and he also tried to select
the conditions that avoided excessive condensation.

EXPERIMENTAL

PREPARATION OF EXTRACtiVE FREE
WOOD MEAL: Ptne logs from Demonstration
Area of Forest Research Institute, Dehra Dun
were chipped and disinte'grated to produce, 40-60
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mesh dust, followed by extraction with ethanol-
benzene ( 1 : 2 ~) and finally washed with hot
water.

PREPARA TION OF MILLED, WOOD
LIGNIN : Alkali-pretre~tme'ntof wood was done
by stirring extractive -free wood dust in O.IN
sodium hydroxide (15 ml/8m of wood dustj for
20 hrs, at about 20"C, followed by washing with
distilled water till free of alkali. This dry dust
was milled in a rotatory ball mill (60 r.p.m.) and
stirred witb 80%aqueous acetone The acetone eJ(t,ac,t
concentrated under reduced pressure until brown
Hakes appear. The aqueous solution was made
alkaline by 0.1N sodium hydroxide solution and
precipitated lignin by adding ,6 M hydrochloric
acid to pH 4. Lignin w8s:wa-shtd with wateruant
chloride ion free and fiQ~IIY':freeze'drjed.

PREPARATION OF'OIJGANOSOtVELIG_'
N.IN : In organosojve HgniQboth, 'etl1anblan4
dl?x~ne JigBin~ were pr~pared~ Foretban()l1ignin~
aCIdified hydrogen ch10fide ". gas to, .give' the
required concentration' of O.2N and for dioxane,
lignin dioxane and 0;2N hyarochloric .acid (9,:1) ,
solvent was used. The extractive free dust was reflu-
xed with respective solvent at8YC for two hours
in an inert atmosphere of nitrogen. Thesolvl:nt was
c,?ncentrated under vacuo and poured into
vIg?rously stirred cold distilled water. Finally,
pun!ied by disso]vi.ngit in dioxane and precipita-
ted 10tO ether. '-: ·,r .,. " . '"

.' QUANTITATIVE ANALYSIS OF LIGNIN:
Klason.lignin or acid·insol11ble lignin' and soluble
lignjn were estiinated'cbyTappi tnethod T-222-0s-74
ItndusefutmHh.od U.M.250,respccti~elyoi

'ELEMENTAL ANALYSIS:PeJ"centageof
tarbott, ,~)4~o~en,:}V,~r~<,delernlin~d,by, comb~slion
method· and the'bala]j9~:w~soxygen. J "

",',',,QUAN,TtrAII¥~~~~L~~~<, QF F,UNG.
"~qNA~G-R0tJP,;'.!fie:,nalysls()( tota! h.}'drox)'1
llIldpbetlOlic h~dl'oxyl &IQup,s,we{e carrled" out, by
fO,lJowing tq~ v.i1ielhod.,;of Whistler and Jealls~ and
J?·~l.fa·~PsiIoRi;tpetl}()d,.ofGoldschmldf resl?ectively.
~eth().xyJ ~l1P' w~s:analysed, by Tappi. method
!~t09.~ti:72t"iG"r,boll,1 ,group was determined by:~~I~b::gll~tn~ ,~ydro~hJori~~of Gierer alld

MEASUR£MENTOF ULTRAVIOLET AND
:INFRAREJ) SPECTRUM : •.UJtra'vi(lJec ~pectrum
'''Ya,kmeasu.red. bydiss~IVljng 2QD:lg lignin in 2S mJ
eth~nol~in8'Perkin-Elm~I:' Model 402 uv and

,.vIS:SpeQtrophotomet-eF,:~IR sPectra was determin-

ed by KBr disc method using Perkin-Elmer Spectre-
phtomc:ter Model 73S.

DETERMINATION OF MOLECULAR
WEIGHT: Mo'e~ularweight was determined by
the method otMarton and Marton1,o and Brady~l
usiogvapour pressure Osmometer (302 B). .

NITROBENZENE OXIDATION: Oxidative
degradation products were' isolated using nitro-
benzene oxidation of Stone and Blunde1l11l with few
modifications. ' 50 mg.of lignin, 0.3 D;l1 nitro-
benzene and 4 ml of 2N sodium hydroxide were
he-ated ina bomb, at 170°C for 3boursand
extracting the oxidation products with dichloro-
methane.

QUj\NTJTATIV-E. ANALYSIS ,OFf NITRO-
B,ENZENE DEGRAIMTJON~ P,ROQUCT .., BY:
GAS-CHROMATOGRAPHY: Oxidation .products
w~r~. silylated~f>ing hex,aimet~YI"(jhiJane,~nd.
trimethy! eblorosilazane and trimethyl ac,etanll,d~

.j~.pyridine. The .oxidation products were siJy.l~te'"
and ide,ntiiledusing. Perkin-Elmer Model ~920B,
Chrollla:tograph equipped with differential flame
Ionization deteClor under the following conditionsr

I'Cqlumq-,silicone SE 30,5% on chromato-
..sorb W.
DMCS (80:'"""100mesh)

Nitrogen
50 ml/min,
160°C (Isothermal)
0.5 III sample
solution

"" Calibration : A reference solution containing
P-hyaroxy beri~tldebyde, vanillin' and syri'ngatde-
nydewasprepdredall,dlhe rel/l-tive time of these ~
aillhenti.c compound s were tl:oted, which were
4.0, 6.7, 'and 10.1 min, respectively. Identification

.of peakvof nitrebenzene oxidation prcduets were
'dOne by'comparivg !hei.rrelat(vetime. The pe.ai
~rea'~a~, m¢~su~ed 1,lsi*gtdangula tienmethod.

RESl]LTS ANDDISC:USSION

Table I shows th~yield arid lignin cotit~nt
of the Lgnins. A study of.. Table ,.I reveals that
yield of milled word .'li8ninandc:tio~an,e lignin is
the same, 'but. more than ,'ethanol)ignin., This
suggests that dioxane is a better solvent for_lignin
than ethanol as theyield is ,l;1igher than.ethanot
under the same conditionJ)f time', te~perl1tur~and
acidcoricentratioll. From the. same table total
lignin content shows thatmilldwood lignin is pu •.!"
est and is less associated withn.on-'uenin substan-
ces. Then comes ethanolfipally Ldiox'l1neligt;l{n.

Carrier gas
Gas flow rate
Column oven temp.erature'~
Injection



Tbeacid-sotuble ligllinin alt the prepaiati.on -is ··1\tlother important functional group is hy·
very·littJe, as is true for soft woods': droxyl~_phenolic and aliphatic) has been

found to be""':::-2.6&-in.milled wood lignin is similar
Elemental analysis of lignin is given in Table to spruce millea~wood ligoi)]-(10%). This VJllue

Il, which indicates that lignin consists of carbon, ' corresponds to 1.13 0Ht<:;.· out-of which 0<95/4
hydrog~n 3.;nd, oxygen. Tbe high amount of carbon is aliphatic and 0.18/Ca'· is phenolic in nature,
suggests its aromatic nature. Its aromatic nature Ethanol and dioxane contains respectively 02,3
is . further supported by its ultraviolet spectra and 0.26 phenolic hydroxyl/C. which is in agree-
(Elg. I), a, discussed later. meat with Arseneau" result (0.2-5 Ph OH/C. for

spruce dioxane lignin). But the hydroxyl content.
of milled wood lignin and' dioxane . lignin is the
same, thus creating a decrease in aliphatic hydro-
xyls of ethanol lignin. The low value of aliphatic
hydroxyl are consistant with alkylation of benzylic
hydroxyl groups or hydroxyl groups alpha to an
alpha carbonyl group. These findings are also
supportt:d. by. Farmer!' .from spectral. s uidie s,

.. The data rrecorded in Table III indicates the
carbonyl groups per-C, unit to be higher in case of
ethanol lignin than milled wood lignin. It would
seemThat during' isolating ethanbt-Jiguin some
carbonyl containing products are produced. These
observations.· are in agreement with Hibbert's
observatio~slli .. The h~ghest carbonyl content of
dioxane' lignin is -due to acid-catalysed solvolysis
reaction which Iiberate carbonyl groups.

. The functional group of lignins are-presented
In Table III.

The composition of lignin recovered have
been calculatedon the average atomic composition
~f.C.'Jnit~ since the· phenylpropane unit is the
lignin b ISIC uuit, The C. formulae of lignin are
also presented in Table IU. "

,. Methoxyl content is characteristic of lignin
and is a criteria of purity. The highest methoxyl
oontentsho,!s milled wood Iignin to ge purest.
MIlled wood lignin contains 0.99 methoxyl per C.
and is equal to a theorical propyl guaiacyl polymer.
In organosolvelignins b01h have thesimilarrnetho-
xyl content, showing similarity in th.eir purity .

.~ . " ( ." "" • i:

I ~

I

Sl';N(). . Cha:tacteristi~ of lignin

,.
TABLE--I YIELD AND LIGNIN CQNTENTOF.ISOLATt:P LIGNINs"

Milled wood lignin
%

3.5
91.:>9
0.21

91.80

1. .Yield; (QQ:basi sof o.d, dust
2. Acid in soluble lignin
3. Acidsoldble fignia
4. Total lignin content

Et).,ano1' lignin
%

Dioxane lignin'
%

2\3,
91.02
O.4t

91.43

3.5
87.47
0.55

88.02

I
I!~
I
If
I

I

SI:No.

TABLE~Jl ANALYSES Of ISOLATED LIGNINS'

. Characteristic of .
lignin

1.. C~rbon
2. Hydrogc;n3: Oxygen
4. Meth@xyl
S. Total hydroxyl

i) Phenolic hydrqxyl.
_ ii) Aliphatic hydroxyl
6. ; Carbonyl

.%.
%

,.%. '"%:
01
10

%
%

Milled wood
lignin

" 60.30
, 6.30

33.40
15:60"
9.681055,
8J3
0:11

Ethanol
lignin

61.56
6.50

31.94
15.45
7.38

( 2.07
5.31
0.20

Dioxane
lignin
60.77 -.:

6.32
32.91
15.54
9.48.,
2.25
7.23
0;21

TABLE-HI COMPOSITION OF PINE LIGNIN

:Sf; No; r Lignin p.r~.par1ltioo.s C l H . .0 OMe Alil'hatic~OH Phenolic·OR

1.. Milled wood lignin; 9.0 8.39,- ·2.01 0.990.18
2. Ethanol lignin . 9.0 8.86' 2.05 0.97 r; '0.23'
3. Dioxane Iignin 1.' 9.0 8.39;:; 1.95 0.97 cQ.26 ..
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FIg.l- UU1U\VIOLET SPECTRUM OF ISOLATEOLlGIIINS

The molecular weights of. pine lignin are in
the range of other lignin preparation as reported
in literature. A perusal of Table IV shows that
the molecular weight of milled wood ande thanol Is
nearly the same, but that of dioxane lignin is lower
Similarly the number of phenylpropane unit com-
posing tbe molecule is also low. This decrease
call be explained as acidolysis of ligoinby reflux-
Ing in dioxane and dilute hydrochloric acid,
resulting in cleavage of some phenol ether bond
as well as certain minor intermanomer linkages.

A 'pcrqsal of Table ·IValso reveals that 17
pbenylpropane units in case of ethanol and 9 in
case of dioxane lignin are present. "The building
units of organosolve lignin iR less, than tbat of
corresponding milled wood lignin (19·uDit~).The
differellce may be due to hydrolysis and degrada-
tion of organosolve lignin due to the acidic condi-
tion used for the isolation of organosolve lignin.,

The ultraviolei'spectra of all the lignins are
shown in Fig. 1. It shows a very into nse peak
below 230 mm and a second peak at 280-282 mm.
The intenSity of tbe lower wave length baad IS
a~out 5·6 times more than that at 282 mm. These

a~ attributed tluetooAy·stlb$tituled benzene mote•.
cule. The shoulder after 280nm is much prono-
unced in organosolve Iignin than in milled wood
lignin which is due to more conjugated chromo-
p,hores.

,Identifica~ion of'characteristic absorption
bands caused by different functional groups js a
sound basis for meaningful interpretation of IR
spectra. IR spectrum is-shown in Fig. 2; indicat-
ing the presence of the groups listed in front of
eacb band1'. .

Position of band Assigned group
cm-I

3700-3050 OH group, hydrogen
bonded

2950-2800 ·OH group streeling in
methyl & methylene

.groups
Unconjugated carbonyl
and carboxyl group"

Conjugated cal bonyls

Aromatic skeletal vibra-
tions

1725-1710

1655-1630

1595 & 1500

]270

1220
1140-1080

860 & 820

Alkyl-aryl ether linkage
Phenolic groups

dialkyl ether linkage
I, 2, 4 trisubstituted
benzene nucleus.

The IR Spectrum of all the lignin are similar
to each other. In case of IR Spectra of dioxane
lignin, the intensity of the band at 1700 em-lis
higher and 1600 Cin-1 band intensity is lower than
milled wood lignin. These changes suggest that
cleavage and subsequent rearrangement of guaiacyl-
glycerol side-chain. A characteristic of pine is a
peak at 1725 cm+! absent in spruce, assigned to
vanillate and acetate groups.

TABLE-IV MOLECULAR AND FORMULAE WEIGHT OF LIGNINS

, SI. No. Analysis of lignin :uilled wood
lignin

Ethanol
lignin

Dioxane
lignin

1.
2.
3.

Molecular weight
Formulae weight

Number of phenyl propane unit
per molecule

3260±326
169.3

19

3106±31O
176

17

1582± 158
177,6
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TABLE~V""ALKAL[NENITROBENZENE OXIDATION pltODtrcTS OF
l'~J;.!-JQNINS(% of lignin) .,' -

SI. No. Lignin preparation' Vanillin p-hydroxy-benzaldehyde Total aldehyde
% % %

1. Milled wood lignin 23.8 2.2 26.0
2. Ethanol lignin 19.4 1.2 20.6
3. Dioxane lignin 20.6 1.6 22.2

The oxidation gave an idea about the number
of uncondensed unit present in lignin molecule,
The peaks are given in Fig. 3. It is seen from
Table V that vanillin as tile main oxidation product
with smaJI quantity of p-hydroxybenzaldehyde,
Whereas Pepper?" and· Creigbtont" obtained
venillin from spruce. This confirms that in
contrast to the spruce, pipe lignin is de-
hydrogcnative polymer of coniferyl and p-coumaryl
alcohol.

Since the number of methoxyl per Cg is
constant with the value required by theorical
guaiacyl propane monomers. The inefficient
conversion of guaiacyl propane units to vanilline
is due to the availability of S·position in phenyl-
propane unit for condensation. A comparatively
lower yield of aldehydes in case of orgaaosolve
lignin than milled may be. assigned to the belief
that the lignin formed at the moment of liberation
itself undergoes side chains rearrangement or
intra-molecular condensation and sucb linkages
in lignin failed to give aldehydes on oxidation.

The lowest yield of aldehyde obtained .in
case of ethanol as compared to other two (Table V)
may be explained as the relatively condensed
nature of ethanol lignin, since the condensed
units do not give monomeric aldehydes.
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