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frsxe riurnnic acid in -Soufft Africffr?
Sucm t'yptus hybrid c/ones; 0ptimizatian

sf the acid hydrolysls {A) sfage
JEROME ANi DRf W, VALERIE GRZESKOWlAl(, rnn lAtN t<ERR

&ffiSYm&€Y: Hexenuronic acicj (HexA) is formed during kraft pulping by the conversion of 4-O-methyl-glucuronic
acid groups in strong alkali conditions. HexA can be removed fronr th'6 pulp by including an acid hydrolysis (A) stage
in the bleaching sequence, Despite a significant body of work in this area, very little research has been carried out to
examine ilexA in pulps produced from South African-grown tree species underthe conditions of the local pulp and
paper In(1usrry.

The objective of this paper, which is part of a broader study,, was to determine the optimum conditions in the A-
stage that resulted in maxinrum removal of HexA, bul with minimum impact on the physical and chemical proper-
ties of the pulp after bleaching. Forthis purpose, oxygen delignified pulps produced from a Eucalyptus hybrid clone,
E. grandis x E. urophyllal were subjected to acid hydrolysis at varied temperature and reaction times, The pH was
kept cr:nstant at 3.5 for all experiments. The results showed that the A-stage was efficient in the removal of HexA;
acid hydrolysis carried out at 125"C-180min removed as much as g8% of the HexA, resulting in a kappa number
recjuctior.r of approximately 6 units.

,4ppCfcafion.'Mills can assess the effect of the A-stage on the physical and chernical properties of pulps. The
conditions used during the A-stage can be optimized to reduce its impact and produce bleached pulps with strength
properties comparable to that of pulps bleached using a conventional sequence without the A-stage.

a,&&KGmac,!$&
WIre l)rr\cncc of hexenrironic acicl (IlexA) itr kraftw-

W pLrlps rs xn rctive area of reseiirch lvith irnportant
rtrtplit':rLions lbr the rnlnlrfacturc o1' blear:hccl <.:hcrnil:al

1:ulps. I)uriug krelt pulpirrg. thc reacticln ol ,1-0-r-ncth_vl-

glucurorric acid groups in tlrc str()n!{ aikali conditions
lcsuli in thc fbi'mution of llcx.,\. II-3]. I-Iexenuronic acicl h:rs
irccn liruncl to be trnrclrtire in llk.rlirrc ox\gcn and perox-
idc blcaching stages [4 | . I iox,evcr. clue tti t]reir unsaturate d
n'.rtrlrc. the acicl groups react reaclily $,'ith chbrine dkrxicle,
chlorlne. cizonc and peracicls [5]. "I'his leads to higl-rer
blclching chcnrictrl ccinslrm;ltion. increlrsecl pntductiotr
costs. lnd increasccl effluent ernissiclns [6] . Hcxenrrronicr
acicl is also kn0l.vr.r to consunlc pernlangenal.c irr t.he kaplra
nurnllcl tcst l7l. Sin<:e l<appe rneasurcrnents are rviciel_v

r"rscii in the control of pli$ing and blclching, processes,

tlrr p|r'scncr' of these unsetLrretecl constituellts afl'ect tlie
rcsr"rlts of analysis and yielcls higher ltteasureltrents for the
3nl{)ulrt of resiclual lignin in the pulp.

So,elal acicl hyclrol_vsis srr-rdies [4.8-lO] have iclentilied re-
action conclititins unclcr rvl-ric--h IIexA c:tn be renr<tvecl from
l<ral't 1:u\ts without al1'ecting ltulp qrralir.y, Despite thc sig-
nifir,:ant :rllount of rcscan:h cerrictl olLt clscwherc. vcrr, littlc
has been clone to exlmine l{ex;\ ir"r pr,rlprs prodtrced frt;m
Sor.llh Afiican-grown tlee speciets ancl its intpact on <tnr'k;cal
lile:rr'hing operations. it is c<immou prac:ticc in South Afi'ica
to n.lol)t ancl run, Ltsualll, at n{)n-optirtr'.rl 1er.els, ptrlp and
pa1;tr tcchnologics thal q,crc clcvelopeci fbr overscas trcc
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specics. Iklrvever, bccatrsc of the consictcmblc variabilitv o1'

harihvoocl resources, l>oth morphoktgical and chemical, ancl

theirvarying resi)cxtse to the hetcrogeneoLls tlaturc ofn'oocl

5xrping ancl thc strl,rscqr-lcnt blcat:iring proccsscs. it is impor-
tant to unclerstand thc responsc clf Our local rcsources to
thcse tcchnrilogics t.o cl'lsllrc supcrirlr ;:crfrlrmancc undcr
optimum prcicessiftg conditions.

nr tiris er.rd, the primary ibcus ol onr stucl.v rvas to icieu-
tif,v the rcacti<itr crnclitions ol tlie acid h,vclrollsis (A) stage
that resulted in maximum reuioval of HexA. hut v'ith rnini
munt impact on the physir:al ancl che mical prol;erties of kraft
pr-rlps bleachcd to 90lri, iS() brightness using an ()/()AI),,HI),
sequcnce.

EXPEMIME$TAL
'I'en trees <:f a Etr<:ttl3,trtlzr.l h.vbrid clotre, 1i. gratttlls x E. uro-
pb1'lltt (Gti) were sample<i fr<im a singlc site and a 3m bottonr
billet r,r'as takeu fi'om each tre€. The billets rverre debarkerl
and chipped itlto approxilnately 25mnt letigths usiirg I 38"
ciiameter. horizontal f'eecl clisc cliiprper (Precision Husi<t' C<;r-

pola{krn. Alabarna. tlSA). The chips rvere scrcenecl torenlovc
l<nots, bark. c1irt, rclt, and any ctvcr. and ut.rdcr.sizecl rnaterial.
Thcl'r.verc then contbinccl to plodlrce a consoliclatccl sanipir:
rtntl wclc air dricd, rt clrying pcrioct of approxilnatcly thrcc
rveeks proved to be sufTicient for the chips to rcach cquilib-
riunr moisture colttent rvith the atmosphere . Thc moisturc
cor-ltellt ()f the chips $/as deterfiriltccl b,v drying il represellta-
trvc safillle in an oven at 105 + i'tl.

Wc pLrlpcd the chips to a rarget ka;rlta nurnbcr <tf '20 + '2
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l. feruparature afid rea€ti{}r, times fsr acid hydrolysis stage.

.4ll experiments wers carrittl aut in triplicate and at cofisfarlf
pt"l at 3"5.

{1. Proirerfies measured an bleached pulps.

(llncorrc.:tcrl ti-rr IicxA). The conditiotrs rtsecl tluriug kraft

1;Lrlpi ng',rrr cicseribtrl clscv.'hct'e I I 1 l.'flte pttlping, tinre re-

llLlircci to re aclr the target lialtlta urtmber was obtlinecl b1'

r.lr'f ing tire time al rna,rintum tentperxttlre [o prr)(lllcc J r'Jtc

of riclignificetion {l{OD) cttrvc iiom whicir tlte tinle reclui.red

to rc'.rch thc targct kappa nutnl:cr cottltl bc cstirtratccl. Aftcr
pr,rlprng, tlic r:oul<cd chips rvet'c rvashccl with tap rvater

flrrorrgh a 10-nrcsh scfecn onto a 200'nicslt screcn to separale

tfrc libcls ti-orn the rcjects. Sc:recnitrgs retlaitliug oll the 1O-

nreslr scre tu r.verc cttt-tsitlcred rciccts. The pul1; rcm:tining on

thr: ll{){)-rlesh se rectl wits then 1:lt'occssecl thrortgh a S<lurer-

lille ser"een to rcinol'e shives. befcre being sr.tlljected to a

rioLrblr ()x.vgcn tlclignificari<tn slagc.

\\'c lire n cliviclctl thc tlxl,gen-elcligr-iilict1 pt-tl1l inttl two sttlr-

sanrl:les. ()nc sr.rb- sarrtplc r.vas rtsccl as e control ancl rvls l:lcatJrecl

rrsing a D,,EI), setlltcttcer lo !()9tr ISO briglrttrcss. Thc scctnd sttb-

srrnryrlc *'as subjecttd tr-r thc samc blcrrhing scqucn(:c, (x(:ept

li.rr an :rcid l'rvilrol,vsis stage (,'\) inchrcletl betrvecn the ox]'!{ell

dclignilication (O/{)) ;rntl fit'st chbrine clioxitlc (D,,) stages, to

rcnovc Flcx,,\ tl.xn the pulp. ln orcler to detcrmiue the A-sl.llir

crrnclitions thet resuited ln rnaxintttnr retnor,al of llexA, bt ttq'ith
ruininun ettect on pup qrralitr', thc pulps rvere sttbicctercl t<l'.1

we3ffi&*wwYw$ &&ffi&wY w&$&wffiruffi

varied range of temperature littd reac:tiolt tioltis (T'atr!e I). All
acid trcal.mcnts wefe carricd out at a ct)nstant pll of 3.5. adiltsF

cd u'ith strl.fl-rric acicl, ancl ttt 10'X, pulp consistencl.

We evaluateci pulp clualitv by preparing and testing haud-

sheets. Pr"rlps rvere beaten in a lil"l rnill at l0'/u ctlnsistcncv ftrr

ll)l)0, JOt)0, andJ(.XX) rcvolrttions. lln!:catcn pu$s (0 rcvtllLt-

tions) were ;llso inclft<]ecl in thc evaluatiou. F'reeness of ptrlps

at cach levcl of bcating r,vas cicterminc<l accorclillS to thc (,4-

naclian Standard Frt:cncss (CSF) tticthod using'IAPPI Tcst

N'lethod T227 om-9,i. I lanclshee ts u'ith a ltasis t'cight of 609/

nrl rvere pt'eparecl on a Rapici Kiitheu slrcct-ftrrnring nrachit'tt:

usitrg rtcotnbinatkrn of 'lAPtr)l'I'est tr4etirocl '1'205 sp-txr rutl the

IS() stancl;lrcl methr.rcl IS() 5'26c)'1.1'his procedure itlvolvecl onc

pressiug and hcated dfyillg of thc hanclsheets" 'l'wclvc ilnn(i-

shccts pc| ie vel of ltcet.irlg we rc pleparccl ancl alkxved to stl-

bilize in xn atmosphere r:ontrollecl at 2i t l'C ancl 5l\ \2'l;
rclativc hunridil.v lbr aLleast'21r hours" Wc thcn tcsfcd thc ct;u'

<litionecl hanclsheets for the properties listed lnlflable II.
We r-ne asuretl hexenurouic acitl conteut ir-r the pulp at var-

ious points in thc ptt\:ing tnd blcaciling proecss. acc:ortliug

to thc nrethod devekrpecl by (.hai et al. atthc Institute of Paper

Science ancl 'l'eclrnokrgl' (IPS'r) in Atlanta. Ccorgia. tlSt\ il2l
Kn;rpa number tllcasurefl]cllts. ttncorrectccl for HexA. wgrg

carriecl out acL'ofcling to'fAPPI ltst Nletirocl'l'236 crl-85. (ilu-

cose ancl xylosc cont.cltts in pulp r.verc dctcrrninecl bt ac:id

tr.vclrolvsis of the ptr$ ('I'APPI TZzl9 cni-85). tirllorl'eti by annl-

vsis of the h1'drolyzete using l'rig,h pertortrllttcc ,rniutt cx-

change chromatograph-v cor"rplecl with ptrl sc a uphcrourett'ic
detection Ll3-I4l 'Lignin was deterntinecl bv quantitativclv

tiltering the hyclroll'zercl saurirle, obteinecl in the cleterntina-

ticr,il of glucosc tnci x14ose, ttnclcr l'acuttm {hrotig,h a 0 45prtrl

filter lraper. The matcritl rerrr:rining on [he filtel paper n'as

dcfinccl as thc Klason lignitr. Pulp visc--osity w;ts uruestlt'ttl

using 11lo cupf,r-ummolrium soltttion accr:rding to T;\PPI Icst

N{ethod '1206 05 63 il5l.
'Wc calried out all bleaching experitnents ancl sttbsctlttcnt

tests in triplicate ancl the mean re sults toge the r $'ith the stxlt-

clard cleviatir>ns, cle notecl bv tl're e rror l"ritrs. \ve re r-ecordecl. Ve
then tcstc{l thc cliffercnccs in thc ntcasttrctl propcrlir. usi11l{

arralysis of variance (ANOVA) aucl l)uur:an's nlttltiple rallgc

tcsts. The ANOVr\ lcstc<l fi;r significant clif l'e rellccrs alllong thc
lreans of each propertl'. If tirere rvere signific;.ut diflerenc:es,

the multiple fange tests shorvecl n'hich fileans r'vere sigr"rifi-

cantli' rliff'crcnt at a ().059{, leYel of crroL. Thc mean resttlts

displayeel in the g,raphs ;ttrd trrl;lcs wcrc llso rel)resented by

letters. with commou lcticr-s inr,liclring thx[ thcrc \\'err] n{l

signif ir:ant clillerences alnoltgst the tncans.

mKs{rLTS S.Nm Al$Se$SS8&rU
ffiff*** *{ &-st*gg* *ai fu*K*rzL8rc}t3i* ##t# *{t{,t*{zt
$f pzlf{}

Thc concentration of IIexA in pulp clect'eascd dr"tring ;rcicl

hvclrr'ilysis xs the ternperatrtre aud reactiol] tinles oI tile A-

stage increasecl (Fig. 1). As n'ith the findings of othcr re-

searche rs 15,16-191, the urtbleached ancl ox\,'gcn blcachcd
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TAPPI T494 om-BB
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pulps showed no sil4nificant diIl-erence
in f Xc-x;\ content. duc to its un-re:rctivitv
drrt'ing ()xv!len delignificatiolt. llowe\.
er, q'hen aciel hycirolysis was appliecl,
therr \ /xs tr significant alrop in thc con-
ccntration of ilc.xA $'ith incrcasing rc-
aciiorl t.inrc encl tcrrrpeillturc, lncl this
rlcr,-rcasi ng lrcnil conti nurcl r.r ntil rcar--lr-

irg 11t)"(-. ;rnd l.?O nrinutr:s, rvhcrt: ap-

lrroxiirratclt' 951/o of i lexr\ rvas rcmoved.
llc,vlrncl fhi$ poi11t. inclcasing tltc tefil-

llerrtrlrc rndlor lear.:tion time iracl little
clfect on the lesicir"ral calncelltration ()f

llcxA in the i"lu\r

{f{ttt:t *{ &-:ite$* *t} }{eppe
t:'t.:ivll**{ *{ pwIys

r\n increasc in the tefiperlture and re-

:rction til]re rluring acicl hyclrolysis sig-

nilie entlr'r'er-hiccei tirc k:ii:pa numbel r;f
thc oxr.gen dclignifie d pulps for:rll test-

cd c<;nclitions (Ilig. 2). For thc longest
tir1lr ('18i) nrin) ancl at the hi{*hcst t€m-

llcraturc (1250C). the kappa numbcr
N,as rc<jrrccd b,v as rnuclr as (i.5 urrits,
ftom 1l.3 (no l.ryclroiysis tfeltment) to
.i lJ. l'he reason for this decrease mav be
largr-:11' cli"re io tltc rcrnrlval ttl I{cxA. as

shrxvn in irig. i, n hich is kl1<lqrn to colt-
sLlr.n{: potassiufii perlr}anganate in the
llri:pa nunrbcr tcst 17,2O l.

{fft:r:s: #{ &,-,**#t/* {}n fi#r?in
{{:}f |t*,}l: {:}f {"}4rt'i}

Anailsis of the lignin r:ontent of the

Jrull; showeri tliat l.ignin wes rcnroved
clt.rring acid hvcirol,vsis (Fig. 3) At
95'(.-60niin. therc rl,'as alrproximatelt'
i).6')i, rcrnovrrl of iignin which lcsr"rltccl

itt tltcsc pullrs having a significantly
Io,u.,r:r (1:r<{}.05) ligrrin contenI conl-

lllred to the oxygen tleligniiied pulps.
Rct-ond tl'ris 1:rt>int, tl-re lignin content
allprerccl to renrain tairl,v constant clur-

iug rcir-l hydroh'sis. er-en with fulther'
increases ill temlleratrtre tlnd reaction
tirrrc. 'l'hc pLtlps lti'clrol y'zed aL 125'(--
I8Onrin shoq,ccl no signi1ic--:rnt cliffcr-
circrcs (1:>0.i)5) in tcrnls o1'ligrrin cotr-
t('nt. cumpal'tr.l to thc pu\:s hvdrol.vzctl
itt 9i"{.-12{)ir1ir.r. Overnll, thc redrrctit;tr
in kry;ra. shown in Fig 2, appcat'ccl to
bc r-h-re to tiie combined re nioval of both
HexA anci lignin.

S rAppt JoURNAL I ocronrR zoos

L Effect of add hydrolysis on HexA cantent of pulp (U&=unbleached pulp; AO=axygssl
delignified pulp). Common letters indicate no significant dif{erences amsng the mean
values. at 95% confidence levels.

2. Effect af acid hydrolysis oo kappa number of pulp {0t}.oxygen delignified putp).
'Cwnmon letters inrlicate na significant difterences among the mean values, at gS%

csnfidence levels.

3. Effect of acid hydrolysis an lignin content af pulp (U8=unbleaclled pulp; AV=oxygs,
delignified pulp). Common letters indicate no signi{icant differences amang the mean
values, at 95% csnfidence levels.
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V/e fixrncl tlie ghrcose and ryk;sc ctxrtents
in pulp to be more resistlnt to lcicl h1'rlro-

lysis (Fig. 4). Aficr pulping. the ghrcose

and xl,krsc cx)nlcnts \\,crc. {.}n evLfagc. ap-
jrroximatclv 189(, ancl 6'r;. fespcctil,eh',
antl rc:nrairrcci lirilll. crinst.ani. at tltrsc vaf
ucs :Ls thc tempcratufe irltd rira.('rio1l ti1Ilcs

of thc A-st:rge r.vcre increasrcl.

#t{**r t:{ &-sg:;*q* *r? ai**t*:;i*y r:{
t3,,3 ! {.2

Viscosity (lecrcascd signific:intlt, ;is the
tenlpcfaturc rlnd relction tillie s ol'tirc
.,\-st.agc inr_-rcasccl lfi$'. 5) This dc-

crc;lsc \v2ts nlore 1;ntrrounr":cd at l.lic
h iglier tcrllperatru'r. uritl-r tl'rc visr:osity

redriction e"rceeriirrg 509t, rrt 125"(1, conr'
plrrd to the pulps livdl>lvzcd at 95.{.
Iror the pr-rlps hvdn;l),zecl a{ 95'(. encl

I l()"(- thc viscositv lvas significantll
Io*'cr,,comparccl to lhc oxygcn clelignr
ficcl ancl r.rnirlcachcd pulps, hut appt: arcd
to have stabiliz<:d at thcse tcffllcratltrcs.

f|#*t:t {}{ &-#'te#* {}tx t}ulp
Yti*f t;t

Pr"rlp vielcl aftcr acici hvclrolvsis de-

<,:re asetl steadilv as the te ntpel'lture ;lnrl
fcacti(xl til11cs ol' tirc A-st:rgc rnt'rellsed

tFig. 6r. (trtr:r ll. tllrrc rr:ii;rl)l)rr)xi'
nrrltarl)' 2'l'ir rlccrcasc in viclri ls tlrc tcni-
pcfalure n'as incre:Lsed frr;sr 95"C to
125'C. The decrcase in ptrlp yieltl n'as

alscl nrorc pr"onoullce{l at the itig}icr
te nq)erature , *,ith the pulps hYdrolyzed
at, 95't. and 1i0'C showing no signif i-

cant clifkrcnce in'r'iclcl.

&€rKKruX6rud$,Yg&$K

sF &pTggtffi8.tgl't

6G&6 g}!YA&$gS S&ffi 
'&-SYe&ruThe palamcters \ve uscrl to dr:r:ide on

the ol)timuff conclitions lor thr A-slugcr

\4..ere the conditiofls that rcs;.rltecl i11 (1)

rulrxirntrnr rcrnoval ol-I{e,v;\, (2) naxi-
mtrrn pu\r yiekl al'tct" tlieaching. (l) min-
irrrunr c,-h lori nc cliox:icle consLtnlplion,
and ('r; minimum impat-t on 1rulp quaf
itv. In orcler to detcrmille thc opt.irunr
conclitiolls th:it satisficcl tircse lccluire-
nrents. tiir-ce ur:rti hvclrolYzccl prr\rs. cou-
tilinillli verving aulor.lrrts of ljexA, rverc
sclcctecl and blcaclrecl t{) 9(}9,;1St) bright-
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i .t:

4. €ffect sf aeid hydrotysis on glreose and xylase cs,Ttent sf pulp. {U$=unbleached
pufp; 8r*ax{Sen deligni{ied palp}.

F
1:

W

K

5. fffeef sf a*rl hydralysi$ or, y,$eosify o{ paf p, {pB=unbleadted pulp; 0D}axygen
$efignifieef puf;t). tammcn letters intlitate na sigttificafit di{ferences among the mean
vitl$e$, at S5% canfidence levels.
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Cxyg;en delignified (control pulp)

AtiJ lrytiroly'zeri

Auid irydrolyzud

f/1. Sef*ete,t a e id hydrelyzecl pulp$ containing varying arno$fits sf l{exA frnd lignin that were bleacherl ta 9U% tS? Sngfifness rsing
l}r$$t seqrence. Axygen delignitied pwllts that were nrt subiected ts acid hydralysis were used as contrals.

Du stage*

[:'i]!la itLrntDrjr

ClO.'.. chargle

ClO, consurned {%)

Na0H charge

Final pH

D, stage+
i..,^' Lr'.J- cnarcle

* ClO, charge expressed as active Cl, E

f!/, Ckewical rlasag* and cansu,illltisfl frr acid hydralyzetl and cofitral pulps that $vere bleached b 3A% $8 hrightness using AaEDt

$sq{rsnce" &ll bteaehing experiments were tarrietl oat in triplicate and the values within parsnthesss defiste the standartl devia-
fios.

3.t

ncss Lrsing I l),,1i1), seqlrcnce (full
irlcur:hing sccplcllce \ries ()/()r\l),,Iil), ).
"l'lre sr sarrylcs arr listcd in Table XItr.

An oxl,gcn dclig*ifictl pr-rl;r tliat
ll'as fiot subicclccl t0 ltcicl h1'clri:lYsis,

.itrrl ii lrit lr r.unl;rirtltl tlrt rrr:rrirtrrrrrr
;il'rlounl of I f e-rA. rvls :tlso blc:tched
f o 9{)')i, IS(} brigl.itncss (flr1l ble aching
$c{lucllce rvas ()/()D,,ll),). \Vc uscd
r.his pulyr ls 3 colltrol in oi"u' str"rtil'.
'l'ltc pulps lrvdrolr''zecl at I l(,}'(l-120
rlrirr we rc c1-rose n rs tlre uppcl lirnit
lcr :rcicl l'ryiirolr'"'. bec-lr-rsc 'lny ftrr-
lhcr- inclc'.isc irr tcnrpcr':ltrrrc lurl/tlr'
rcrr('tiri1l timc of thc ;\-stirgc bc1,96,1
this poinL tlicl not lcsult in ir f.urtirer
srgnific;rni ltrlrrction in the conccn'
tfxti{x) of }-lcxA in the pulps (see }iig.

l:leeching er1;eriments in triplictrte
r:lrt:nrir:als :rpplicd and/or consnncd in

S rnppr JoURNAL I ocronrn zooo
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OiOAD.ED

7. Cansumption af UA2, expressed as a$ive tlr, far acid hydrolyzed and control pulps ta
reach 9A% ISA brightness. Camman letters itrticate no sigrrificant differences anrsfig the
mean values, at 95% cantirlence lev€ls.

1). Wc carrieri otrt all are sholr.n in Table IV
anci the amounts of fig. 7 shows that. conlparecl to the colltfol ptrlirs. tLrc

thc hlracliinl4 stalles consllmptiorl of (il(), clccrcasecl signiticarrtly fbr rhc pr,rlps

Acid liydrolyzed

1 1.0 {0.05) 8.64 {0.1 9) 7,16 {0.12) 6.12 (0.0B)

8.09 {0.00) 6,05 (0.1 3) 5.26 (0.09) 4.50 {0.06)

8.09 i0.00) 6.05 {0.13) 5.26 (0.09) 4.49 (0.06)

Final pH 2.33 {0.18) 2.24 \4.06J 2.22 (0.05) 2"22 \0.041

€ stage

12.0 (0.09) 12.0 (0.04) 12.1 \0.02) 12.0 (0.02)

3.47 (0.00) 2.59 {0.06) 2.26 (0.04) 1 93 (0.02)

3.21 {0.03)

-l , {0r 0;
2.44 {0.03) 2.13 \0.02) 1"84 (0.03)

3.84 (0.19) 4.07 (0.06) 4.00 i0.05)
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Full bleaclring $equence for control pulps: OIOD.ED,

l'ull bleaching sequence for acid hydrolyzed oulps: O/OAD.ED,

f. Fruperffes a{ a*d ttyttrafyzed and cafitral pulps that were hleaehed ts 90% lS0 brightness. Values within parentfreses, denste.the

sf;r*der{, d*viati{}n, at,d salrnmsn le$ers within parentrteses denate nv significant differences amang the tnean values of a specific

{}r{}i}srttf, at S5% ttt$irtence f evels.

Br-rrst index at 400CSF
(MN/kg)

Beirdirrg resistance at 400CSF
{nt l,l )

ilpecity at 400CSF
i9i,ls(])

Brightness reversion
{9/"lso)

th,rt wcrc :lcrid-[r1'rlrol.vzetl beibrc blc:rt:hing as f he colldit'iol'rs

of th.r A-stegc iucrcasecl. According to Table II1, tht c(rnlrol

ptrlps conraiuctl tnaximttur lIcx,'\. anrl this collccntritti()ll (i(--

crc;rsecl signiflcrntlv as the tempcfature itnd/or the reactiot-t

tinrc of the A-stage incrcased. llexe trurotric acici irekrngs to a

class oi'cott;rottucls th:it c{)nleit"l cnol elhcr {)r tlnsaturatc(l

r:urbox-vlic lliel grouirs rvhich are the targcts of llotlr clcr:tro-

1:hiiil rrrril nru lcolrhiltc rttac--k. As ;r t'csttlt. chiorillc t.iioxiiltr

re :ir'ts rvrth IlcxA gruitlts l4-5.16.211 :tncl is ptirtiall! colt-

sr.;rrl*l tiirriirg tiris reactirtu. resulting itr itlcre:rsed collstlmp*

tion o1 chlor"rnc clioxitlc. Irigttre 7 slrorvs that tl're inclttsiou of
rhc A-stltlr pt'ior to frlcltt:hing u,ns cff'ective in the lemoval of
FIe xA, as li'-e 1l rrs iignin, ti'iereb,v resulting in significant chem-

ic'.ii savinfis of Ltp to '1"i9lo using [he: conclitions I l0'C' 120nin,

46\1 .2)

73.6{0,5 )

iAB)

2.410.3)

{c)

ptI 3.5 for the A-stage. Vuorincn' <:t ttl ' l5I reporte(l cherniitrll

savi[gs of up to 35?u trsing lcss scvere conclitions iirr the A-

stage (110"C. 6onrin. pf t 3.5), rvliile l\rrtaclo, et al.' Ii(]l re-

porte .l savlngs up t<'t'25t1', ttsing, ct' ctr rrlih'le l ct ,rrtlitions (9()'(.'

l2()nrill. pl I J.5).
Table Y shrrw's the che triical cofiposition, ptt\l viscosity

',rntl i,iclcl of tl:re blcachecl pr-rl1rs. 'l'lte rcstrlts shon' that inclu'
skrrr t:f thc A'stagc in tl'rc bleaching scclttct.tctc liatl no signil'i-

cant ifllpnct un thc glucosc contcl1t. bt"tl. x1'krsc ,lppL,tr(d i(J

be morc sensitivc to the xcid tree.tmcnt. {Jompared to thc
contlol pulps tirat dicl not uuclcrgo acid hvdt'oltsis pt'ior to

blcaching, tl"re acicl h1'dlolvzecl pulps shorved a significrrnt

reduction in xt'ktse conte nt. However. amtx-tg the acid hvdro-

lvzecl pulps. the tcrlnl)crature ancl re action tinre <lf thc acicl

41 (1 .9)
(A)

74.9{1 .6)
(A)

Full bleaclrirrgl sequence for control pulps: O/ODoED.,
Fuli trleaching sequence {or acid hyrlrolyzed pulps: O/OAD.ED,

!/J, Sornpariso* of properfies between acid hyrlrolyzed antl cantral pulps bleaehed ts 90o/u $A hrightness. Nurnerical values within
parer$reses de$ste the sfard;rrd tleviatian &ftd $nfittnan |etters within parenthesss denote"no significant tlif{erefises atnaltg the

rii#$ir rsrus$ af a specific praperty, at a 85% tsnfidence level'

Glr-rcose (% in wood)

"/ 
il;os it y

l'ear indeN i.tt 400CSF
{Nm2lkg)

Tensiie index at 400CSF
(k lrtmlkg )

Ze ro-span terrsile index at 400CSF
ik i\ m/kg )
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8. Sevelapmcnt s{ pulp prilpsrtiss with beating. Comparison between acid hydrolyzed anrl control putps that wsre bleached to S0%
lS0 brightness

lrratnrcnl rl,ls finrnd to llevc no l'urthcr"inrpact orr the xylclse

{'ontrjuI of t]rc blclr:]rccl prrlps.
'l-hc hrllv l;leaeheel pulps showrd significanth, lon'er vis-

cositl fiir-the aeicl lrt.rirolvzccl 1>ulprs. t'onpared to the control
pulps lhe teftrprr:rtlrre of tl'rc A-strge apperrred to play a sig-

nilicarrt lclc in thc r.isr:ositJ, reciuction: a threc-fblcl increase
in thc rclction tiillc xt 95"{, hlcl onlr.' a slight e l'fect on viscos-
if\.'. biit ;lt I l0'{1. lirc ir:nplct \\,ils rnore signilicant"

We lilrncl that pulp ,vicld after blcaching wes Llltaft'ec-tc:d

bv the inchrsion of {irc A-st:lge in thc blcar:hing sccluencc. r\cid
hydn;lysis carliccl out at 95"C-1,90 min and 110"(l-120 rrrin
shon'ccl slight improvenrerlts in t,ielclq c'omparecl to the ctxrtrol
pulps. ltut the inelease $'rs ltot significa.nt.

We piotter"i. ils l fr.rnction of fi'eeness, tlrc physical proper-
tics (burst. tc1rf. tcnsilc. z..ro-spAn tcnsile , ire ncllng rcsistancc

1S r,APpi JounNAL I ocroarn zoas

and opecity) ot thc f\rl11'blcac-hcd ltrrlps that unclcrrvent acid
hydrolysis prior to bleac'hiug (Fig. 8A-f; Wc then interpo-
lated the valncs of thc specific l)ropcrties at a constant Il'er-
ncss of zr(XX)S| lirrm the rcsper:tivc prope|tv-fi'ceues$ crlr\:cs
nttti rvere comparecl to the colrtrol pullrs at the sarne level of
ft'eeness (Tabtre Vtr). One-wav analysis of r.'ariancc anci l)un,
carr's muhiple range tests werc thcn used to tcst tror signif i-
cant diflcrer-rL-es linlonli the rncans of eacli propcftl' et con-
stnnt ffccness ancl at a, {\,05% lcvcl of crlor. The rcsrLlt.s ot'
brig,htncss rcvcrsion tcsts. which rvcrc only'rncasurcd ou the
unbcaten pr-rlps. are also incluclecl in ?rble \,'L

As in Table VI, conrparisons niadc at constant ticeness
(zr00CSF) shorveei that the inclusiou ol the A-stage in the
bleacliing sequence hacl no intpect on the br"rrst and tensile
inclices of rhe fr,rll,v blcachecl acid,l-rt,cilol.vzer<l pr,rlps. "l'e ar



inc!e x elso appeale cl trnaff'cctcel by thc A-stage (rilfrie (l otlt at

the lrxver tcn.lpcrattlre (95"C). ilorvcver, acid hvdrol.vsis car-

rler.l oL:t at l1{)"(- significrrntl| rer.lrtcccl the lear stt'cngth tlf
tire fr,rlit'bleuched ptilps compnred to the c()ntrol pups thxt

rird not unciergo ltcicl hlclrol.vsis prior to llle aching. '1'he high

tcnrilcirlturc Llsccl eluring acid hvdrolvsis seemcd to Ilavc 1t

posrlivc ef{e ct on thc ltencling rcsistance (stiffne ss) and ze ro-

span tcnsilc irrdcx, wlriclt sht;n'ed significantly higi'rcr val-

ucs. coirpxrcd to thc t:ontrol ptrlps. O1^racit,v rvls siguific:ant-

lv lox'er fi>r rhe pulps hvclrolyzed et 95'C-(r0 min compared

to tl'rc control prrlps. but then imllrovecl to sinlilar vtltles as

the t'ontt'ol pulps n'hen the re?lction timc of the A-stage v'as

increlsed at 95"(. or lr.'hetr the trlllperattlre was incre;rsecl

to 1 i{)"t."
lilrgiitness rcvcrsion ol lhe 1'ullv blcrtchetl pLtlps clecreasecl

signifir:arrt.l1' firr tlrc ptrllls that u'crc acicl-h,vclt-t.rlr'zccl priol' to

blr:rching. Acicl irvclrt-rli'sis t:arricti out xt 110''(l-1 2Omitt rc-

duced Leversion bl as mltch as 4j1fi, comparecl to thc coutrol

pulps tlrat tlicl uot rtrtdergtl acicl h1'ciroll'sis pricir to bleacliing
'l'hc rcsrtlts wc obtaincci inelicate a strong ctllrclltitrrt bc-

tn'cen the renroval tlf HexA clurilrg acicl hvdrolvsis ancl the

obscrvcrl reclrtcfiotr in brightncss rcl'crsiotl. llesicies thc re-

nrervel oi llexA. according ttl'lilble \', thc lowcr x-Yklse cou-

tcr.rt in thc ltleer:ltcc1 ar:icl h,vclrcil,vzed pulps (be nveen O.(r%,

arrll Lt)')t,) conlplrcel lt; thc bleachcd clont.rol pulps, could

offci' :inotllcl' cxpl:tu:tti<.rn fttr thc rcclttcecl brigl-tttress rcvtr-
sion.'l'he x-vlans coultl coutaiu iignin-carl.l<lh,vcirare complex-

cs i 2l] and so retnoval tif xt'lose tlrtring ar:i,'l hydl;l-vsis cltlltltl

irnprol'c irriglitrress stabiiitv l;y rentttving these complexes.

1n c!ccicling o11 the optinllrllt set of conclitions fbr acicl hr'
dn;lvsis. a cc;rnprotnise bet$'ecn the cfficicncy of HcxA re-

nrovul, Llrc rcsultitrg Irle achcd pr-rlp cltralitv' and pracl-ical con-

sirlrrations lbt'inrlticntctltati()n <lf tltc A-sta.gc in inclttstry was

rccluiretl 'l'trrc choicc fitr thc ()ptinlililr conrlitions rvas tirere-

lrrrc bcttccn 95'(;-l8O min aud 1l0"C-l2{)'min. nrltinlt'bc-
causc rlf thc ktrvcr llcr.d lrnd liguin concenlration. atttl as a

resr.rlt. the highcl ka1;1ll nunrbcr redtlction ;tnd lower (,10,

c{)nsuml}tio11 requirccl to blcech to 90'}i, IS0 brightness. Iloth

scts i.li colrditiotrs rcsultcd in blcachccl pulps rvith strcll{ath

propcft.ics 
'tnd[ 

plllp Yielcls conrpltrablc til the corrtrol pttlps

tlret tlid utit ulr<ict'go eci<l irydr"olvsis prior trl blcachir-rg. How-

rvcr. ;lcicl hvc!:ol1'sis ear:rierl t>llt at 1lO'C-120 r-r-rin did result

in pull;s rvitl'i x sig,nificenth'lon'erviscosity lncl tcirr strcngth,

and clue tr) thc hii{her (}pefxting telrperatltrc, the 95"('-I8o
nrin ecirl hvr.lrr>l-vsis contiitiotrs v'ere ctlusiclerecl to lle the

|il( )l (' .tll l.l( ti\'( ()lrtlr)ll

*$ru€L&.$SnSruS
()ur sturl,v shorvccl that pxrlps prrtclttcccl l'r<lnr Soutir Af'rican

cut:alvpt c:krncs cout'.rin sigflificaut xmounts of IIcxA that

contribrrte sevei'al uuils to the kaltpa nutlber of thc ptlip. l'he
A-stxl4.r rvas fintrrcl to be ctfbctive in the renroval of IIexA,

u'ith thc efiir:iene y of rcrttovltl itrt'rcrsitrg rs the te mperlitule

end reaction tirnes of the '\-st:rge incre ased. Howeve r, at el-

c\ at..l tcrnpcr;rtLlrcs, pLrlil l'iclcls a.ncl visc<lsity rvcre fottncl to

K&$&&&VpY&$S g€ffi&ffiY pWtuWgruffi

be uegativeil, affected. rvhile glucose and xi-lose cultent of
t1're 1:r.rlp appearcel to be relatively unaffecled l;v ttie acid h,v-

clrolysis treatnlcr-tt o\:er t.he tempe rature ral1ge we studied. Ill
acklitkrn i() the rrrtoval of HexA frotn the 1lulp. acir.l h,vdt'oly-

sis llso rernrtve{l lignin. Due to the collcomitatrt re nrtlval rll'

both HcxA alicl=lignin, thc anrrntnt ol chlorinc clioxiclc rc-

clr"rirecl to rerch g0',';ISO briglrtness r.tsi.ng I D,,El)' seqnence

was krr'verccl by as mut--h as 'tri%i, dcpencling on the te nlpe ra-

turc and rcar:tion tifircs tlsc(1 during trr:id h1'drolr'sis. Rlctchcd

pulp yielcis and glt-tcose .rolltcllts n'erc unaflccted llv incitltJ-

ing the A-stag,e in thc bleaching, sccirtcuce, while bleachecl

pulp viscr.rsity and x-vkrse colltents wele siguifi<ritnth' re-

duced. Nlcst ttf the strength properties ol the prtll;s \ve rc Lln-

aftscte d b1, 11-ta acid treatrne trts. aud in sotnc instance s

sholvcd improvet'irents ftrr ttie pr-rlps that r'vele acicl h1'ctro'

lyzccl prior t.o blcaching. '1'ltc cxceptiott rv:ls Itrr slrt'!ig,ll)'

which rvas signifir:ant11'ktrvcr ct;nrparcd l(.t {-lolltrol Pulps that

wcre not subjectetl to acid trydloli'sis prior to bleaching

Basecl on these fit.rctings. the optinrttnr condititlt'ts f<ltud filr
thc A-stagc that rcsttltcd in miuimal impact on thc pil"vsicral

and chemical prope rtics of the ble achecl pulps were : i:11 3.5;

tcnlperature 95'C ancl reaction time 180 rnitr' TJ

,AG Kru $$ittG $ G g fifl E IUYS
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We chose this area of research because. as we noted

ir"l the background section of or-rr paper, it is common
practice in South Africa to adopt and run, usually at

less-than-orrtimal levels, puip technologies tlrat were

developed in other countries for overseas tree spe-

eies. Because of the considerable variability of hard-

wood resources, both morphologically and chemical-
tv, and their varying fesponses to pulping and

bleaching processes, it is important to understand the

response of our locally grown wood resources to
tnese processes.

This studv is a continuation of some of our earlier

work" Although the A-$tage is effective in the removal

o{ HexA, we saw a need to examine its effects on

other pulp properties" Our study differs from some

earlier research in that, in addition to providing data

on Hex-A., it also includes data on carbrrhydrate con-

terrt, klason ligrrin and kappa number'
A significant amollnt of ClO, can tie saved by re-

moving HexA f rom pulp' In addition to the obvious
savings in operating costs, other benef its include the
potentially lower effects on the environment from
producing bleaclred pulp. Because of HexA, kappa

numbers nave prevlotlsly been measursd incorreclly'
Pr:lp quality and yield can now be improved or opti-

mized i:y varying delignification during pulping and

t 3 TAppt JoL,nruAL I ocroarn zoos

Andrew Erzeskowiak Kerr

pulping to higher kaPPa ntrmbers.
Although the A-stage has been proven effective in

the removal of HexA, it may require a significant
amount of capital investment as a stand-alone stage,

and it does not iead to an"improvement in pulp bright-

ness. The next research steps wiil include looking at

other options for removing HexA, such as D,'r, Z and

A/D stages.
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