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THE EFFECT OF LIGNIN COMPOSITION ON _
DELIGNIFICATION RATE OF SOME TROPICAL HARDWOODS

W. Syafii

ABSTRACT

The effcei of Hgnin compesttion on dellgmificativn 1ate
and pulp propertics of afbizla {Pararerianthes folcataria L. Nieken],
prelisa  (Gesehing arborss  Linn), yellrw  meramdi  (Shorsa
aenminativsime Sy, 3nd  kapuor (Briobelonaps aremetica Laertn.)
woods way deteymined. The lisnin characterizativn skowed that dee
sringr-muaiecy]l Uy of afbide, pmellas, kapor, amd  yellow
merant weods are 203, 1,02, £.87, and 1.340, respectively. It means
that fiic Hpmin strocture of the above mentionsd woods arc
predominsted by syringyl mits. To ssess the influence of Hemin
stroctire on dcligeificetion rate sad pulp propertes, those wood
samples were then snbjecicd to the Lrafi pulping pricess under the

fellowing condiloms: wood-to-lBqmor ratien = 1:4, cooling
trompe jatmre = 170 i, time to cooking temperuinre = M misutes,
coclomg Hme = M) minotes, (otal active skl = 16 %a, suifidily —
22.5 %, Friam the present investigation It can be cxplained that the
dsllpulBcation rate of hardwood comtaining syringyl-rich gnin was
higher than that of hardwood costaining syringyh-poor Bpmis. The
phiysical propertiea of pulp Prom hardwood comxining syringyi-rich
Hymin are also higher than thai of fardwood conlamimy ~yoegyl-
Eeeworddy - tropical bardwouods, lignin compesiion, aywimgy gty
vatio, delignilieation rate. pulp propertiss

first ordor rale kinetics in lerms of lignin

goncentration, A fasier rate of delipnification wae
ollowed by a slower process, The rate of delignification
of the initinl faster process was directly proporhonal to
the molar mtio of syongyl to guaiacyl units of lipmin
{Singh ef ol 1982). Syafn & Yochimoto (1991) reported
that in one-hour chiorite treatmend the rate delignification
of hardwoods species such as ulin (Eusideroxylon
zwageri), bangkiral (Shorea foevis). merawan (Hopea
pierrei), and tekaliu (Homalium foetida) which containing
guaiacyl-rich lignin was much slower than that of
hardwaoods comtaining syringyl-rich ligmn.

Although the tropical hardwoods constinme a
vasi source of cellulose fibers, their limited usc in pulp
amd paper indusiry on the ane hand, could be descrnbed as
duec to their heterogemity. On the other hand it may he
due to the act that practically little is lmown about the
chennical compesition of lignine of domestic tropical
hardwoods and their reactions doring pulping processes.
Lignin is considered 1o be a polymeric natural products
arising from an enzyme initialed dehydrogenative

Thﬁ: process of delignification [ollowed two pseudo
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polymenisation of three types of prmary precursors,
namely (i) guaiacyl alcohol (i) syringyl alcchol (ifi) p-
coumaryl alcohol. The comstiuticnal moedel of hgpin =
composed of many reactive groups such as  ether of
various types, primary and secondary alcoholic hydroxyl
groups, phenalic hydroxy! groups. carbonyl groups,
methoxyl proups, aromatic sitcs of phenyl propanoid
strucnme {Lewis & Sarkanen, 1998),

It is well known (hat chemically the lignins vary
from specics Lo species even in the same genus and ther
composition is alse highly influsnccd by the climatic
conditions of the placc where the tree is growing. As
stated by Hipuchi {1985) that the softwood lignin is
predominaied by monomeric guaiacyl units which are
connceted by both ether and carbon-carbon linkages,
while the hardwood lignin is compesed of approamately
cqual amount of peaiacyl and syringyl units and
connected by Imkages similar to those of soffwood hgnin
As a result of this inheremt variation im  ligrin
composition, the pulpmg characteristics arc bound to be
highly species dependent. Therclore, in order 10 increase
or rationalize the usc of tropical hariwoods fiber in pulp
and papcrmaking, a detailed investigation on the chemmical
composiion of lignin apd their inflaepces during kraft
pulping and their pulp proporiies was undertaken.

METHODS

Material

Four samples of wood species. namely  2lbizia
(Parasevianthes falcotaria L. Nielsen), gmeling ((7mefng
arborea  Linn), kapr  (Drobalonops  daromabcod
Gaertn.). and vellow meranti (Shoree acuminaiissima
Sym.) woods were used in this cxperimem. The albizia
and pmelina woods were taken [rom Bogor and
Sumedang, respedtively, while the kapur and yellow
meranti woods from Bersu (East Kalimantan), The resalt
of pre-investigation showed that the wood samples used
in this Z;lrjpcrimam having a basic density of 310 kg/m’,
480 kg/nr, 570 kg/m®, and 620 kg/m respectively.

Methods
Sample Preparation
A Willey mill has beem used © prepars
woodmesal that pags through a 40-mesh scroen and reain

on a #0-mesh screen, The woodmeal was then air-dried to
about 15% of moisture content, Extraction of the

woodmeal with alcohel-benzene (1°2 viv) has been
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camried oul in order 1o pwepare an  extractive-Ireo
woodmcyl sample. which is then used o determing the
Klason lignin contont and  lignin  composition by
nitrobenrens oxidation procedure.

After bark removal the wood sample was
converied to chips at the sizc of abowt 2 Scm & 25 cm x
0.25 cm.  followed by air drying lo about 13% of
meisture content. The air-dned wood chips is then used
for determination of delignification rate i the pulping
process. Prior to pulping, the moisture content of wood
chips should be determined cxactly to calculate the need
of coplang liquor in the pulping process.

Characterization of Lignin

The most commeon method for the quantitative
determination of lignin in wood is based on gravimetry
(Klason lignin}. Tn this study the Klason lignin content
was determined according to the procedure described by
Dence (1992), The wood sample is first treated with 72 %
suifuric actd and subscquently heated with dilute acid to
hydroly«¢ the polysaccharides 1o soluble fragments. after
which the solid tesidue (Klason lignin) is washed,
collected, dried, and weighed To determine the lignin
composibon, the procedure of alkaline npitrohensenc
oxidation reporied by Syafii & Yoshimoto (1991) was
applied. Approximately 50 mg of alcohol-benzene
extracted wood meals was oxidizod with 0.24 ml of
nitrobenzenc and 4 ml of 2N KOH in a stainless stegl ube
for 2 howrs at 160" C. At the end of oxidation period. the
stainless steel tubc was immediately cooled down in
rutning water 1o stop the reaction, and the solution was
filtered. The oxidalion products which still remaining in
the residue was washed with a small amount of 0.1N
KOH soluhem. Afier removing nitrogenons compounds
from alkaline solution with chloreform, the pH of this
alkaline solution was adjusted to 2.5 with IN HCI
solubon, Finally, the <olution was extracted with 30 mil of
chloroform. This extraction was repeated four times. The
extract was then quantitatively analyzed by gas
chromatography under the following conditions; BPXS
0.5 column, N carrier gas, 0.4 ml per minute flow rate,
temperature of 200 “C, FID detector, 300 “C temperature
injection, detector temperature of 350 “C.

Lignin  composilion  was  quantitatively
determined by calculating the peak area of vanillin
(guaiacaldebryde) and  syringaldehyde [rom s
chromatogram. The total aldehyde as well as the syringyl-
guaiacyl ratio were also determined ANl of this
paramcters were calcolated based on the Klason ligmn
content of wood samples.

Pulping Process

To smdy delignification rate. wood chips was
pulped by wusing conventional kraft process in the
laboratory digester. The kraft pulping process are applied
because it is nol only the dominant alkaline pulping
technigue for wood raw material but also the most

Sraxinifolinm),

importanl pulping process altogether. In this cxperimen
the krafi pulping process is applicd according to the
methods conducted by Gomide er ol (1997) with some
modifications. The pulping was curried out in a rotuting
digesicr and  electrically heated In applving  this
technique, 3 different cooks were carmied out using
different cooldng times. Each cook was 30 minutes longer
than the previous obe (coakdng times = 0, 30, 60, and 90
minutes). The cocking conditions were:  chips = 150
grams, wood-to-liquor ratio = | | 4, maximum cooking
temperature = 170 “C, (ime W maximum temperatre = %0
minutes, total active aflali = 16 % bused on oven-dry
chips, sulfidity = 22.5 %. Al cooks were carmied out in
chiplicates,

Determination of Delipnification Rate

The pulp vield and the kppa number of pulp arc
parameters that  can be wusad to delermine the
delignification ratz during pulping process. The
determingtion of pulp vield and kappa number were
apphed according to the Tappi T 236 c¢m-85 (TAPPI
Testing Methods, 1989}

Determination of Physical Properties

This procedure describes the lesting of pulp
handshest for their strength and other physical properties.
Infurmabion derived from handsheet testing indicates pulp
quality and is a measure ol (b poicntial contribation of
the pulp to the stenpth of the finished paper products.
The physical propertics of pulp was carned out accondng
to the Tappt T 220 om-88 (TAFPI Testing Methods,
1989},

RESULTS AND DISCUSSION
Extractives Contcai

To asses the normality of exiractives content in
the wood samples, cthanolbemeéns extmct vield was
determined (Tablc 1) The total amouni of ethanol-
benzene extractives obtained from the wood of albizia,
pmcling, yellow meranti and kapor are 8.14 . 915, 13.5,
and 1565 %% based on oven-dry wood  sample
respectively. The acctone extracts obtained from this
cxperiment 15 relatively hipher than those of (he averape
of extractives conlenl in (he ropical hurdwoods, Tsoumis
(1991) sisied thal the comient of oxtractives varies from
less than onc percent to mere than ten percent depends on
the family, spocies, aid tissme. The acetone extract
obtained from the heanwood of goneale ahves (Astronium
rasamala  {dftingia excelsa),  uhn
(Fusideroylon zwagerd), and sonckeling (Dalbergic
latifolia) was reported reach to 334, 264, 818 |, and
23 % respectively {Syafii ef af, [9RS, Svafii &
Yoshimoto, 1993, Svafii, 2000,



Tabde 1. The edhanol-bemvene extractives content nbatined from
furur species of tropica] kardwoods
N, Wood samples. Conlent (% based on oven-dry wood)
1. Albizo ¥.14
I Cmclina oS
i Yellow meranti 13.60
4, Eapur . 15.65

It 15 interesting to note that the ethanol-benzene
extractives contemt has 4 comelation with the specific
gravity of wood samples in which the higher specific
gravity show the higher of extractives content. It could
be understood since the extractives content is one of the
faciors which influence the specific pravity of wood,
Teourmis (1991) stated that extractives are compounds of
varying chemical composition that are nol part of the
wond substances, but are deposited within cell walls and
cavities. Higher amount of extractives is a cause for the
higher density of wood and the removal of extractives
results in reduction of density.

Ligmin Characteristics

The Klagon lignin content of four wood specics
is resumed in Table 2. The lignin content of the tropical
hardwoods tested i this cxperiment is in the range of
22.40 to 30.72 %. The Klason lignin content of albizia
wood is the lowest whereas the lignin content of kapur
wood ig the hiphesi,

Tablel. The ignin compesilion of wood samples (indicaled by %G ratho)
calculated fram nitrobenzene oxidatien product

Wood semplac Elasom  {wimiacyl  Syrmgyl | Todad LA

ligpdn () (5 aldehyde  Ruatio

L] (%) (%) ) (oelar)
Adbdzia 32,40 100 1422 1,22 .03
{imelma 25540 3T 1631 447 1402
YeaBow mparanti 30,04 9 1ET 1743 13T
kspror 72 1194 1AM ITAN 1.30
"y Bused on the Klason lignin coment. o e

In order to get more detailed information on the
lignin characteristics, the structural composition of lignin
of all the four species was determinad by analysing, the
alkaline nitrobenzene oxidation products on a gas
chromatogram. Table 2 represented the oxidation
products of lignin of the four species. The total aldehyde
yiclds of four wood samples are in the mnge of 21 22 10
27.45 % on the basis of Klason hignin content. Table 2
alse showed that the S5/G ratio all the four wood samplcs
are greater than one. It mesns that the amount of
syringaldetryde content of the wood samples are higher

1

than that of maiacyl content. The values of 8/G ratio both
in yellow meranti and kapur woods are relatively lower
than those of albiria and pmeling woods. It is indicuting
therehy that the hignin of yellow meranh and kapur woods
contain 3 large amount of guaiacyl umits, suggesting that
the lignin macromolecules of thess woods have more
siles for internal pondensation

These esults show that the amount of syringyl
units in the lignin of tropical hardwoods investigated
follow the order of albida wood > pmcling wood =
yvellow meranti wood = kapur wood, These results are of
preat importance i contemplating and assessing the
delignification characteristics of these woods, since 5/G
tatio should have a correlation with deligmification rate.
In other words, lignin containing higer amount of syringyl
units should have less number of site available for
possible internal condemsation during delignification
process. As siated by Fengel and Wegener {1984) that as
i the case of sulfite pulping, the alkaline pulping
reactions with lignin are also nucleophilic reactions which
are coniribuling w the depradation and dissolution ol
lignin, and condensations of lignin units to fragments
with increased molecular weight and reduced solubility.

Ratc of Delipnification

To assess the influence of lignin siructure on
delignification rate and pulp properiics, these wood
samples werc then subjected to the krall pulping process.
The kappa mumber of pulp 15 usvally used 10 determine
the delignification rate during pulping process. The vield
and the kappa number of pulp produced from four species
of tropical hardwoods were presented in Table 3.

Table 3 showed thai at 60 and 90 mintes
cooking times the pulp yicld of albizia and gmelina
woods are much higher than that of vellow mermanb and
kapur woods, The resulis also showed thai at the same
cooking times the kappa number of pulp of albizia and
gmeling are lower than that of yellow meranti and kapur
woods. The -low kappa mumber means that the
delignification rate of these woods are faster than that of
vellow meranti and kapur woods, The slow rate of
delignification of vellow meramti and kapur woods mighl
be due 10 the phivsical and chemical factors.

The physical factor is usually related to the
wood density. Detcrmination of specific gravity of the
wood samples showed that the specific gravity of albizia,
gmeling, yellow meranti and kapur woods are 0.31, 0.48,
0.57. and 0.62, spectively. Yellow meranti and kapur
woods having higher specific gravity are more difficult
to be delignified compared to the albiria and gmelina
woods. From this results, il can be stated that the
delignificaton rate of wood samples might be correlated
with the specific gravity. Specific pravity is 2 measure of
the weight of wood substimces comlained in a wnit of
volume of wobd Cell walls of all wood species should
have the same specific gravity. Therefore, varation in

" specific pravity of wood species reflects differences in
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Tabk: 3. Yl and kappa namber of palp prodoced frem fowr species of tropheal hardwoods

Wood Cowking time at naximum temperalure {mimses)
Samples [£] A1l &0 el

Tield Kappa Tighd Kappa - Yield happn Wield Kappa

%) MNumber [%h) Mumhcr {%ah M umber %) MNutnber

Albizia 4275 jxm 4¥.55 11.65% 49 15 AR5 4.9 2171
Umeling 4215 31335 4ok, i AR5 5320 2545 18 ELTO
Fellow merandi 4341 42 85 I3 0 1573 1448 F0.33 31.55 3.7
Kirpur

44,65 LR 4307 1585 30,70 32a% Hp.20 ik

thickness of cell wall A wood species with a high
specific gravily posseses a  thick cell wall and
consequently the cell hmen of this wood is small
{Tsonrmis, 1991). In this experiment, the wood sampiles of
yellow meranti and kapur woods which have hgh
specific prvily are dilficull o be delignified. These
tesults might be explained by the imited impregnation of
cooking chemicals into the o3 wall.

The chemical factor which affects the slow mate
of delignification of yellow meranti and kapur woods is
wsually related to their ligmn chemical stucture. The
results of this experiment showed thai the mie of
delignification increases with the increase in /G of lignin
of the wood samples. The same resulis were also found
by provions imvestipators (Singh ef af, 1982 Syafii &
Yoshimoto, 1991). These resmits meange (hal  the
delignificaion of hardwood containing  Syringyi-rich
lignin faster than that of hardwood contaiming symingyl-
poor lipmin, As previously described, the syringyl content
in the lignin of yellow meranti and kapar woods are low,
and consequently thess two wood samples gave low matc
of deligmification, Therefore from this experiment, it can
be sugpested that the lignin strocture of the wood samples
is comcloted with the mie of delignification v krall
pulping process.

Patlp Properties

The fllowing data describes the strength and
other physical properties of un-bleached pulp handshaclq.
The pulp handshesis was prepared by beating pulp at 45
SR with the grammanmre of 60 gram/m’ The physical
properties examined in this experiment are density, tcar
index, tensile index. burst mdex, and breaking length,
This physical propertics 15 isicd in Table 4.

The physical charactzrization of unblcachsd pulp
showed that (he physical properties of yellow merant
wood is comparable to the kapar wood. The pulp
moperties of albizia has also showed the same
phenomena in which it is comparable to the gmelina
woodd. However, the pelp mroperties of yellow meranti

and kapur woods are much lower than those of albizia
and gmelina woods. This low propertics might b due o
the low 5/G ratio of these woods. As described beforc
that the hardwood contaiming syrmgyl-tich lignin (high
%G ratio) showed the highcer mate of delignification
comparcd to those of hardwood containing syningyl-poor
lignin {low S5/G matic), and as the consequence, 1t
produces higher kappa number pulp. Casey (1980) stated
that the high kappa pumber pulp comclales with high
resigual lignin  Therefore the physical propertics ol Uhis
pulp is lower than that of low kappa number pulp which
contaitt low residual lig:lm

TaMe 4. The physical properties of omblesched kruft  pulp
prodaced from foor specles of tropical hardwands

Pulp-shest smmples
Propertics Albizn  Gmelina Yellow Kapur
Idaraiti
Themsily, g'cm’ 1.68 047 128 .23
Tear mnden, mN.mg 509 429 9,33 024
Tensilc index, N.m'p 14927 LR Gi.G 525
Burg index, kN/g 637 £75 302 223
Dirabunig Langth, ke 5.5% 4067 (r3a .26
CONCLUSION

The syringyl-guaiacyl ratio of albizia. gmelina,
vellow meranti, and kapur woods were 2.03, 2.02, 1.87,
and .30 respectively. [t means that the lignin structure of
the above meutionod wood samples are predominated by
syringyl units.

The delignification rate of hardwood containing
syringyl-rich lignin was higher than that of hardweod
containing syringyl-poor lignin. The physical properiics
of pulp from hardwood contzining syringyl-rich lignin
were also higher than that of hardwood contaiming
svringyl-poos lignim.
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