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IBE EF''�CT OF LIGNIN COMPOSITJO>j ON 
DELJGNIFJCATION RATE OF SOME TROPICAL HARDWOODS 
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The �•I of del1g1ufi�on foU°"ed t,,o poeudo 
first order rate kmcncs ,n tcmu of l1g,u."t 
=irauoo A foster file of dehgwfkabon """ 

ollo»ed b} a slower pro=4 Tho rate of dehgrufu:auon 
of !he truual fu.rer pmoos< '"" �lly proport,o:a..,.J to 
the mollr ratio of ")'[llllOI !O gua,acyl 1l111.ts of hgmn 
(Si.nd, ct aJ • 19&2) Syafi, & Yoshunoto ( l 'lllll rtpOrted 
,Mt rn ono-hoitr chlonte treatm(td tho rate dehg111ficaoon 
of hardo.oods q,a,,es such "' lliJn (&.vd<,ru:,lon 
r.rogen), bw!gktra, (!Jhoua /......,,). = (Tfop,r, 
p,eWP!), ;ird tebbu (J{omal1umfe•Uda) wind! conlalrung 
guaw:yl-nch ltt;nm was much dow,:r dun Illa! of 
hard><O<>ds comauun& ,ynngyl-nch hpnn 

Allhough the trop,CIU hardl"""1I consnmre a 
,asi """""' of cclluk,sc fiber,, lhor lmnted """ 111 pulp 
and Pi'P" lltdt>SITT on the on,: halld, could be desert� as 
due (0 tbc:ir heterog<n>IJ, On the otbe,- hand. n ma> be 
due to\!.:; lael that practu:;lily hnle '" kno<>-n abou1 the 
chern,cal composmon of hgmru of domestic tropcal 
hardwoods and lllolr ,eact,ons dmmg pulp,.ag �· 
LlllJlln •• oo-.d to be • p::,l)menc JUtuml pnduct!! 
""'ll1i from ill! enzyme ,ruual<d demdrogcnanv,: 

- 0, f_,. P,"""-et J..:lto>oloc F,"'h vl f"'°"') 
!logo, "l!<•"'lun.l l••="'· ro !lox !bl ""'"" 1000l. Woo-. 

polymomat«)il of three IJ"J>Oli of pnmary pICClll'Sl'.H'S. 
11,1mcly (1) guauw,1 akohol (u) syrmgyl akx>hol (lll) p-­ 
COUllWTJI alcohol The C'OllStJl.uonal model of hgrnn ,. 
composed of m..uty r,:act,ve gmupt; ,och os ether of 
,ano11S �-,,.., pmnm and scc:ondary alcolKlhc h)dr'ox)l 
!',fOUJ!". phenolic hydrOX}! iffll!Jl5 cart,o,,)l groups. 
methoX)! � oromab.C fl\C$ of phe,lvl propano1d 
SlruCIUre (Lc,,u & SIUUllCII, 1998) 

h" ,.-.,u bHmn (h;u ch<!l11C3!h th< hgmu ,...,. 
from = lo ,;p,:aes CVCll �' the oamc g,:nus and Jhcr, 
composmon 1s •bo high]:)' 1nflue11ccd m tho dimabe 
oond,[1011.1 of the plaoc where lhe tree " � A!! 
,uted b> Htgu;:hi (19SS) tlllll the ""ftwood htJUO ,s 
])ftdommaled b> monc,menc jlllOIIC>I umts wloch .ire 
cooncw:d by both ethcr and cartion-c,irtx,n hnkage<. 
..1u1e the� llgn.m" wmposed of oppr0>a111.11el} 
«J13! amollDt of �·] and tyrlllg}! unrtJ and 
cooncctcd by hnbgcs ,11111\ar !O ti'IClAC of !Klttuood hgmi 
As a n:ruh of th1'l mhemn nnauon lI l,gnm 
cornp,Ol!l<JII. !he p.,lpmg chamo::lcnsl>c! an, bo\lid to be 
ll!pl)' species d<y.cndem. Thel'Ctorl', m ordoT 10 u"""""" 
OI" niuoaal.izo the use of ttoptcal banh,wds fiber 1n M 
and J>ll)Cflllalnng. a do:llukd ,mesupt,oo on the dloro1cal 
compostllOtl ol liglUn """ \hOlr lill= durmg baft 
pulJ)IDI: and lh<ll pulp � """ ul\deTtal<ml. 

METHODS 

Materio.J 
l'Ollr .an,pics of "'ood <JlCCl<:S nameh- lllxzJa 

(f'arn,entutthu folcaltula L Niehen)., p,ehM (l,mehna 
,,rl"'''" Lim>.� ka))Uf (llryohalaoop.t <1r0manca 
Gaertn )., and yd.low memm (S1w,·,a """""nan""""' 
s�m) woods "ere � ,. tin! c,q,enmom The aJlnzia 
and gmcl1na wood& '"""' takoo from &go,- and 
Sumcdan2 reiJl1X11.vtly, "'lllk the bpt,r and ycllo"' 
mcrann "'"OOds fi'oJII Berny (East Kahnwrtan) Tiie miult 
of prc-tnvcoopuo,t ot,o,,cd !hat the wood wnpks used 
m this expcnll>Clll having a basic dellsttJ of 310 kgtm' 
4g() 4/m'. 570 kfjm.1 aad 1\20 kglm' lllSpoC!l>eJ.\· 

Sam.pl,: Pt,,paration 

A w,� mill has been u..:d !O prepan: 
,.oodmeal that pru,, tlln!udl a 40-m<sh !!CJt:CII and re1atn 
on a 60-rnedi ..::reen Th< l\uodmcld was then au-dnod to 
about IS% of 11101stwi: coll!Cllt ExtmclK!n of the 
,.oodm,:al "1tlt alcohol-benzene (1 J; ,I,) llllll be<,tl 

---- --- 



" 
ca1t!C<l oul m ooier ta p,q,a,-o an atmcu, e-btt 
1>"""1nc;il s:unpc. which "then ustd In determine the 
J()uon Jq:n,11 wntcn1 and hgn,n compo•mcn by 
,uuobc.o,cn,; o'<IWOOI! p,occdure 

Mer biuli. mno,al the wood sampk wa, 
con,,:rJed lo chip< ll lhc ISl7C of aboit1 2 , cm x 2 $ em � 
0 2$ cm. folio"«! �- an dry,ni,; lo about 11% of 
momur, content The air.Jncd wood dups "' lltct, ukXI 
for dclernuna!ion of dc:hgnlkatmn �· m !he pulpong 
p:r� ?nor lo palpme, the moutun: tontcnt of"'"°" 
clupg ,ho�ld ht detenn111cd c.ucily lo cllculau the n-i 
of coobng liquor m lite pul?Jli proccs, 

C�aractrrizatloti al Lip,in 

Ill< !IIOOll """"'""" method for !he qua,,lltall\C 
dclermlul!<)t\ of lignm lll wood Ill t.od "" ;mimetry 
(Klason he,u•) ht llu1 JIUd)' tht K.Jason hgnm <;<>n!Cm 
wzs d<lermi?led aca>Tdini to Lbc p,tll:C<Ue do.,;nbc,ij by 
Ol:IICC (1992) Tu "ood $:!ttlJ'IIC 1• firJI l�tod "''th 72 % 
wlfuril; acid and IUb!iequc,itl)• � .. ,o, dilw: ""'d to 
h)'WOJy,c Ille pol)5Kdlandc< IQ ooluble fnipmll. ll'lcr 
.,h,�h (be 50Jid t't:fidue (KlaSOII lljnlll) 1� WJSh<d, 
collocu:,J, dried. am! "-clJbed T<.> deterlllmc tho lq:nln 
c.otnpMi!IOII, the PfOC()duro of >.lk:ilinc l!krol:lcl!ICl'lll 
cr<� rei:-mw by S>•n1 & YOIJIJmoio Cl99J) "�' 
l>l)lilled App"oxu!llllely SO Olg uC -!whol«ro:= 
CKU'Ktcd wood mca.11 "as O.\lWcd Wl\h O 24 ml of 
alttobcnzenc and4 ml oON KOH 111a 1Qinln11 Nel lUOI 
for 2 ho\111 • tr.o' C Al lhc ,;nil af o�iQllJOd penod. llM: 
l!a!nlffi JIC:CI • """ immedlinely ooolod do,,11 1n 
nm.auta '"""' IO lllop lhc rn<:uon. on,d tho dlllioo was 
fil� The ox.ldllloo � ""'1ch 5101 rcmaanln& in 
the l'C<!.ldllo "u ..-.-bed W>lh � SINU amowu ot O IN 
KOH iOlution After ttmOl-'ini lllll'og<:IIOU!II cornpo,.,nde 
rrom lllbl1nc IC>llltlon 1 •• 111 dtlorol'onn the pH of 1Jug 
all<altne "°""'"" "al adJllSlfd 10 2 5 wJlh IN IICJ 
�unow Finally \he tc!u!JOn "-u cxilllC!cd .. ,m JO ml or 
Chloroform. Tll,1 Ullact>o,1 WllO r,:pea!cd four"-""" The 
o>ilnCI '"'" 1hc:n q,.w,n11u,c1, �ed t,y 1» 
ciuoowoerai,hy uruler 1hc f01low1111 mndo�OTI• APX, 
O � wlumu, N, camcr ii,1, 0 4 1111 per mlmrlc .Oow rale, 
lcn1pmU11Ie at 200 'C. FtD � JOO 'C ltrRpCral.un: 
IIIJKOOn, dclr:,;i,,,- !CmprnllUl'c of :l� 'C 

t.i(Uo wo'P"'(JOO wu quaotrtatn-.,Q· 
dcll:JtlUIIN by calculalJl1t1 Ille peak Im. of VllDllllll 
(iJlalltllldclryo;:) •.-.! synngalddo)de [n)nl po 
cJumn;aop,, The lolll aldehyde ....... u as lhc ll)'IIDli:)II· 
"'"!K)l ratto wen: �l,o delernwxd All ol ,1 ... 
psramCICro '"''" cale111atcd based on the K1#50ll ht,un 
content of "ood samples 

Pulpiq Procro,, 

To swd)- dcllpfi<:wOn r..te. "'000 chips ,.-a,, 
pulped ti!- usmg con,cntional kr.ift proces! rn the 
laborator.· d!gcner 'Ibo kroft l',llpng proce55 are a�lted 
heca!ISC n ,. Ml onl, the dom1mnt albl!DC !',>]ping 
techn,q"' ro, wood ,.,.,.. nouenal but aloo Ille m<IOt 

•mporu.ni pulpmg proce" all.ogother In this cxpcr1mcm 
the kraft pulpma � " appicd 3'X:0Tding to tho 
ll>Clhc,d; conducted by Gorrude d al (1997) ,mh """'" 
mooilkauoM 'Th(: pulpllli 1,cas <:arncd OU! 111 a fllla!lng 
<llecw,r and electncall) heated In 3A>.awg tlu, 
t«hn1Q1£, J <Mremw rook• """' carnod out u,;,ng 
dllfcren! coobft& tllll(* fach cool: ""' JO n,,nutes IOJ!&et 
tlun tlle prc\lOUS OIIC (cookinj UJno; • 0, 10, f,O, and 90 
�) 'The cookuJJ;: cxondlllOns "?"' clupl " 150 
.,..,.,., �rnp>r l'lllO " I �- maxlmllm CMlnng 
tempera.we• 170 -c, tune lo md .. l!Dlm temperawre • 90 
111111utes, toial aeti,c alb.h • 16 %. bll,cd on O\"CD� 

chl.pr,, sulf\dity • 22, %. All ooul• "ere =od Oil! ,n .,._, 
Tu pulp }IC]d and Ille kai,pi nuruJ:,cr o{ Jllllp IIC 

pvan,eter1 that = be used ta dck:rmmc !he 
dcli�tion 1'llll! duon; pu.lpni; P'OC<a The 
delCl'n1inanon of p,dp )lcld rod bppo rnu1Wcr l'CN: 
a�o,;l � 111 the T� T l36 Clll·85 (Ti\PP1 
rw1111Mclhnd!. 1mi 

Otten1:lluUo,, ,., "'Ysk•I Proc,tnle1 

TIU! pro,;cdure de!Ctobeo lhe IC>,IITI8 <Ji rn,lp 
hlni.bho;;L tbl' Ihm ltlCl!a,.h Uld Oilier pt,ys;,;al propc!tle1 
lal"""IIU1111 dmved from lwwlshcoel tellin& ,!Id!� ll'Jlp 
l(lllhty and 11 1 weuun: or Lhc po1eoti&J romntuloa cf 
the JNlp to lhe 1Ln:nglh or the ftnl&bcd paper producL6 
1be ph)1gl � ofJ)lllp ... ClffiCd UII\ w.:wnll111 
to lhe Tappi T 220 om-llS (T APP1 T<:&11n1 Mclhodl, 
!98�) 

RF.Slit.TS ANO DISCUSSION 

Tc .,,., 1be nonnali1� of c:<lraCti, e, -rn in 
the wood Jallljlle<, clhanol-t.:n,:en., ext...:i yic!d was 
dem,IUll<d (Tabk l) The wtal 111>1C1Unt cf ethano.1- 
bc:Dzenc 0<tro<1n-.s <Jbla•ned ftom the wOo<I cl albu,a 
gmclinat J'dlcw mcJattt and bpur ore � I� 9 I! , 111, 
.md 1' 6S % bo:d. on ovtn,G')- wn<>d sample 
n:spocU,'el� The IICCIOnr r:wacu obl.unod from this 
cxp<run.m u relalh'd) Jual>cr lhan those cf Lbe av¢111&e 
ofexuactJ,e< COUICJII ,_ tho trop<:,,l iwdwoods T,ou,m1 
(l'J'Jl) 11.0lal lhil\ !hi: <<JDlcnt <Ji <:l<tnlctn..,. ,ariei from 
loo !hiu> enc p;:rccot to 1DOK tlloln lcn pm:ent depcool "" 
th. Wll>l}, op<cJ<i, :ind t.,...,. Th aooonc extract 
obwned from the h...nwood of goo,;aJo th'CS (.-lstron,u"' 
fh,.r,111folu1m), ru,ll\UII �4/hng,� aal,a) ulm 
(1'.u01<k,w;ylon """Kl'"), and wnob,lmg (&lh,r:<:rn 
lt>hfolrn) ""' n,ported n,;och to 3 34 , 2 64 , 8 18 , ""d 
823 "• IetJ>flChv•l) (S,afit ,t al 191!!1 Syalii 8, 
Yochuncto, l99j, S),1fii, 1000) 
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11 ,s mteresnng w ncxe !hat the eduutol«lllcnc 
== OOJlli:ffl las a com:laoon "'"" the JpeCmC 
r;ril\'lt}' of "ood salllPles 111 ,.-Juch !he lu.ghcr speclf,c 
gramy Sffll the Ingber of cruactl\U content It could 
be IIJldcntood ""'°" the extra,::ltVCI contcnl; 15 QrM; of the 
facton wll>ch nlll.- the opegf;c i:rav,tv ITT ,.ood. 
T"""111• (19'JI) wiled Iha extraal.YCS are compounds of 
\'8J)1ng chemical composltinn that ate not part of lhc 
� substanee1. but are depooted ,.,!Inn cell walls and 
cavll"'"- Hio,tt amoom of cxtracTJVCS ,. a cause for lhc 
lu.gh,,r d<:nsrtv nf wood and the ten10\'al of extract""' 
J<:sults in reducuon of drons,t,,· 

n.. ... -.-....- ... -.-­ .__...,....,.... __ lhan tha1 of r;wuac}i contem The ,..tues of SIG ratio bolh 
u, , .. 110" mcranu and bpw- w<>Od< arc rclat1vcl) 10 .. er 
than !hose of aibuJa and gmcim.,. WO(>d$ Jt 1' md,ClllJng 
lllcrl:b) that Ille hon,, of,elln.. mmntt md bpur woods 
OOlllaln I large amount of �i ..w, suggeslut,: that 
lhc bgmn macromoJocuJ .. of these woods hm'C m,n 
s,te,; for llltcmal � 

1l>tSC TC>Whi � that lhe amOUJJt of svr,�1 
ututs m the �gtun of 1ropcal ha:dwoods mvestiga!Od 
folio" Ille ordrr ol aibtLIII wood ;,, �hllll .. QOO > 
,elk>"' !1ICilll1JI "ood > bpur � These rcsutt. are of """°' 1niportanc:c "' contemplating and aHCS!ln8 the 
dohgntficanon charactcrul,cs of tl>o8c woods, nncc S/G 
rauo should ha,e a oom:bbon Wtlh dt.,ligmfica1ioo rat� 
ln Oilier """1b. hgnm con\aUIIDg htger alnOO.llll of synllfill 
urut. ahould ha,,,: leoo number of Site �,,..Lable for 
possible mtemal condcnsatioo dwuti d,:hgntficatron 
Jll'II='< M <Ultld by Fengel and. Wegener ( 1�8') II'*- a, 
m tbc case of sulfil< PlllPn& the olblinc pulJllllJl 
racnoos ,.,th bgnm arc alsci DUCkq,lu1ic rca:DQns "luch 
arc contnbutmg to thc do:gradatlon and dtssolullOII of 
hr;nm. and condcnsaboo, of ]1g1,n ""'"' lo li1lr;mert, 
with UlCl'Cascd mol=ilar ""Clpt and reduced solubtlrty 

"' ' " 
"" 
''"' 

Alb,.., , , 
• 

Tabl.t. 

Lipi• C�anderistia 

J 

1bc Klason !Jgmn colllCIII of four wood speci<:s 
1' resum,d tn Table 2 The IIg,,m ""'tcnl of lhe tropical 
hardwoods tc<ted m lh,s expcnmcnt ,. ,n the raagc of 
22 40 w 30 n %. Toe KJason hgru:n comcnt of a11v .. 
woad is the lowest whereas the hgnm co&III of bpw 
.. ooc:1 a th, hlgb,:1l 

T ... ,:,. -,,.. - _..,.._ « •-,O., -·"" •, SIG "t>o) ______ __ .. 
W_,_,.. ·- ·- '" , .. - - - - ,,. •• H" "" , . ·-· "" ••• ,,. '"' •• y--·· •• •• '"' ... "' ·- "" ". " " ,,.,. •• ;,_. ..... =-- - ----- 

In order to set mon: dewl<d mfultllabon on tho 
ltgnut <;h:aractenm:s, It.: stnlCt""'1 cornposillOII of ligrun 
of al] the four speael WU detenmned by amal)$lll8 the 
alkalme mtrnbenzcne ox1dmon � on • gaS 
clrrotlllltogram Tdl• 2 1epCM.nted the OJCldalioD. 
products of heron or the four speocs The IOlal aldehyde 
}tclds of four wood """'P<'5 .-.; m lhc: rllJI¥ oC 21 22 lO 
27 4S % on the ham of 1(1...,.. hgmn ooment. Tabk 2 
at.o showed tbo.t lbc SIG rall<> all the four m>Od sampks 
are grcacr than one ii means Iha! the Jm1111nt of 
� con1cn1 of the wood samples are lughcr 

To :wcss the mtluencc of hgnin '1nlCtUre Oii 

dcl1gaificab0n tttc and p.,lp prop:ruc,, these wood 
sampleo ""re therl suqccled to the kJall Jllllptng IT"""" 
The k3R)II number of p.,lp ,. u!Uallv used 10 delemur.c 
the doltgmficaoon rate durit)3 l"lJ1:118 iro=s The }'lCld 
and the kappt number of pulp produced from four sp;x:,C> 
of lrupi<.al � were JnSC11ICd m Table 3 

Table 3 Showod Iha! lt 60 md 90 ll1l1UIICO 
cook>ng mru the pulp )'<kl of lllblnl and gmcUJUI 
woods arc much higher than that of ,-.llow Jll(laillt aod 
kapur wood, Toe results also sltowcd that 111 the same 
cooking bmes the kappa number of p.,lp of alblZla and 
gmchm arc kw.-.r lhan that of )'Cllow merant, and bpu" 
wood, The low kappo. numlter "'"""' thar the 
del1111nficat>on Tate of U,.,.., -..ooo,; ate fasler tllan that of 
yellow menioo and l<apJ,- wood:!. 11lc slo-.. rate of 
dcllgruficauon of }ellow meranb. llld kapur "uod,, m,� 
be di,e 10 the phyHCal and chemical fucloz1 

The ph}Ral! ractor '" usual!} related to lite 
wood dcns>I} IktcnlllmtlOII of spccific gnivm of the 
wood "1lllplc,, showed that the spec:1fic J!l'lM{y of albizia, 
gmehm. )clkw. mcrann and kapur v,wds arc O 31. 0 4& 
0.S7 and O 62 . .-cspecll\dy Yellow me,anD and kap,,­ 
"oods ha\1ng lugt.:,,- SpeClfic tQ>lty arc mD«: difficult 
to be dohgrufi<d compared ro the albvia and gmel1na 
woods From tht1 results, 11 can be stated tbll lbc 
d,:!1gnfica1>0n rate of wood samples nnpl be corn:la!Od 
mth the spec1fic gr,Mtv Specific pa'11) is a II\Ca5Ure of 
the weight of wood fUb!tan;;(:$ contmn<d in a umt of 
volume of wood Cell wall• of all "'Dl)d spcac, should 
M\..: the ""1l\C specific grw,t>·. Therefore, v"'111110ll m 
spc<:Lfie ll'l'"h m n-00<1 r;pcCies reO.a. differences ,n 
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