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Abstract Analysis and control of oxalic acd in bleach ing filtates has recently gained considerabk attenton n the
pulp and paper indusiry due to problans w ih the Hm aton of calcm oxalate scalng Chomatograph icm ehods sich
asHPLC and ion chmimabgraphy( ), are generally valiable as standard m ethods for detem matbn of oxalic acid In
this study a HPLC systen equipped wih an Am nex HPX-87H column was applied to determne oxali acd n
authentic b leaching filtrates An establidied IC method based on separatbn w ith an anion-exchange colunn w as used
as referencem ethod The results shoved that bleach ing filtrates contain compounds nterferngw ith he HPLC m ethod

A strategy dilution of the samp ks ©lbwed by treamentw ith activated catbon, was needed to obtain sm ilar oxalic
aci concentrations as provided by the referencemethod The correlaton(R = 0. 994) betwv een theH PLC m ethod and
the IC method is descrbed by the equation y = 1. 294 7x. The metod mproves the possbility for contwol of critical

oxalic acid concentratbn in closed-loop blkaching strean s
Key words oxalic acd bleaching filtrates activated catbor pulp and paper ndustry
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Now adays bleach ng w ith oxygen- containing reagents and the use of counter current w ashing w ith closure

of the water streans n the pulpm il togetherw ith externalwastew ater treaiment have made b leaching of pulp
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more envionmentally friendly than previously However oxygen bleachng and the use of stoong oxiizing
agents like hydrogen peroxide and ozone result in extensive oxiation of the dissolved lignocellulosic maternl
and fom ation of various acids lke oxalic fom ic and acetic acid' . Since processw ater is recirculated in oder
to decrease fresh water consumption the concentration of oxalic acd fran bleachng pulping and also fran
natve wood w ill increase The accumu lation of oxalic acid causes a considerably urgent problem namely the
prec pitatbn of calcim oxalate also known as scaling which is amapr obstacle to systam closure Selectve
elin natbn of oxalic acid by usng oxalate-degrad ng enzymes lke oxalale oxilase and oxalate decarboxylase is
a potential appwach to prevent scal'ng[z* ' Therefore the ability to perfom rapid assays and control of the
concentration ofoxalic acid n bleachng filtrates is of particular inportance for he pubp and paper ndustry

Previously a method using ion chramatography( IC) to separate and detect organic acds nchd ng oxalic
acid n bleach ng filtrates was reported "3 However his & a very specialized analytical systan and also
relatively expensive A simple and convenentmethod for detection of oxalic acid n bleachng filtrates has not
been constucted yet H ere, we nvestizated an aliemative approach, nan ely ordnary HPLC utilizng a Bio-Rad
Am inex HPX-87H iom-exchisbn resn cokmn This suudy is the first mn which HPLC is used for detem nation
of oxalic acd n bleaching filirates fram the pulp and paper industry.

In the study the nfliences of column tan perature and acid strength of eluant on the retention and separa
ton of oxalic acd ofbleach ng filtrates on the Am nex ion-exclisbn colunn HPX-8H were nvestigated The
effect of pretream entw ith activated catbon( AC) pror to separation and dentification of oxalic acd by HPLC
was exanned n detaill The accuracy of the method n authentic bleaching filtrate was canpared with a
reference m ethod consisting of an ion chramatography systen equipped w ith a conductimetric detector and an

IonP ac AS4A-SC an bn-exchange column

1 Expermental

1 1 Chanicals and oxalic acid standard solution

Unless othew ise stated all chen als used were obtaned fran Signa-A ldrich( St Louis MO, USA). This
ncludes AC( acd washed w ith hydroch loric acid Cat Na C 4386). A sample dilent buffer brAC treament
wasmadew ih succinic acid ( 50 mmol/Ll) and ad usted to pH valie @ 5 with NaOH. Oxalic acil standard
solutions weremade by dissolving oxalic aci in distilled w ater to ach ieve the requ ired concentrations fran Q 2
to 2 Ommol/L
1 2 Bleaching filtrate preparation

A set of bleaching filtrates fran pulp and paperm illswas collected fran OP, Z Obg O, Q and P-stages
Just before analysis w ih HPLC or AC treament the fH valie of the bleach ng filtrates was adjusted to 4— 6
using 2000 H>S0s or 10 mol/LL N&OH.
1 3 Pretreatment of bleaching filtrates with activated carbon

The H-adpsted bleach ng filirate was diluted w ith an equal vokme of sanple dilient ( 50 mmol/I, (H
valie @ 5). The pH valie of he dilited b leach ng filtrate w as checked by using a fH-meter tomake sure that
the H valie should be 6 & If not he pH valie was ad psted w ith H, SOs or N &@OH. Thereafter the diluted
bleach ng filirate was m ixed w ith 150 or 200 g/L AC n 15mL centrifige tubes for Sm i by usng a rotating
m ixer Then the m kturewas filtered w ith W ham an filter paper( 1F quality filter papers M unktell F ilter AB,
Grycksba Sweden) under vacuum, or allernatvely, was centrifuged for Smin at2 500 r/m in Oxahte standad
solutions were prepared and treated n the saneway as he bleachng filtrates The fH value was checked and
ad psted as for the bleach ng filirates The filirates or supernatanis w ere analyzed w ith HPLC m ethod
1 4 Analysis of oxalic acid by HPLC



Oxalic acid was separated by an HPLC system (Shinadzu, Kyolg Japan) equipped w ith an Am nex H PX-
87H column( resin i hydrogen fom of sulfonated diviny benzene-styrene copolymer mean particle d ian eter 9
Pm, 300mm X 7 8mm i d; Bie-Rad Hercules CA) at35 or 60 C with 2 5 or 12 Smmol/L H,SO4 as
mobile phase at a flow rate of Q 6 mL/m n The system was equ pped w ith a CationH R efill Cartridge ( B b-
Rad) prior to theHPX-8 cobmn Oxalic acd was detected by using aUV detector (SPD-6A, Shinadzu) at
210 m. A1l chranatographic data were recorded and analyzed by using a Gilson Unipont System Sofivare
(M iddleton W ] USA ). For all analyses 20 KL of sanple was injected Oxalic acd was dentified by the
retention tm es canpared to those of extemal standards The concentratbn of oxalic acd was calculated by
camparng the obtained peak area to a calbration curve The fH value of bleach ng filtrates was ad psted to
around 4- 6 by using 20 sulfuric acid or 10 mol/L N &OH. Thereafter the bleaching filrates were filtered
through Q 2 Bm menbrane filters (A dvantec MFS P leasanton CA, USA). A 1l analyses were carried out n
duplicates and mean valies are presented If the valie of oxalt aci exceeded the standard ranges the sample
was diluted appropriately w ih w ater
1 5 Detenm nation of oxalic acid by IC

The chran atograph ic equ pment consisted of a Dionex 2020+series ion chranatography system equ pped
w ih a conductm etric detector ( ED-40). An lonPac AS4A—SC an bn-exchange cobmn ( 250mm X 4mm 1 d )
and an AG4A guard colmnwere used A menbrane suppressor (ASRS-I) was used to convert the elbant and
the separated anions to their respectve acid bms and to bwer the conductwity of the eluant relative to thatof
he ions of nterest All nstumentation inchiding the cokmns and the suppressor was supp lied by D ionex
( Sunnyvale CA, USA). The mobile phase consisted of 1. 7mmol/L NdH CO; and 1 8mmol/LL Na&,CO; and
was applied at a fbw rate of2 OmL/m n For all analyses 20 HL, of sanple was njected lons were identified
by their retention tmes canpared to those of external standards Quantification of oxalic acid was accan plished
by canparing he obtained peak area to a calbratbn cuwe The EZchran sofiware system, versbn 2 31
( Scientific Sofware Inc, P leasanton, CA, USA) wasused for the quantification procedure A detaikd descrip-
ton of the methods used for detem inaton of oxalic acd and calcum oxalate was presented and discussed
prev bus ly[ o

Table1l Oxalicacid analysis by HPLC and ion chramatography

2 Results and discassions without AC treatn ent
J : 3 - HPLC data®
2 1 Analysis of oxalic acil using original at
sam ples H salue 2 5 125 icY
the HPLC system (Rt=7.03) (Re 733) (Ri=8§02)
The results obtained by D ionex bn 0 2" — 022 0. 20 0 21 —
. . opP 12 37 21 29 22. 26 9 01 2 40
exchange chram atography equ pped w ith
& gpyeqpp VA 2 08 491 4. 49 2 01 0 90
an JonPac AS4A-SC anion-exchange o 10 8 12 18 10. 06 583 5 84
cobmn were used as references for ©i 10 2 13 89 6 14 109 L 46
o S 0, 12 38 816 8 20 733 191
oxalic acd detem ination in bleachng 0 s o 515 400 013 017
filtrates Three different concentrations of P, 9 4 74 416 0 68 020
. . P.
sulfuric acd (2 5 and 12 5mmol/L) —2 2% 275 229 058 028

1)0 2- 2 Ommol/L aqueous oxalale solutions were used as standards and here the
data fran the 0. 2mmo /L standard are shovn

of Q 6 mL/min at 35 C for HPLC 2)Mean value of the retention tme of a series of oxalic acid standards HPLC cond it ons

35C, 0 6mL/min 2 5and 12 5 are the conen ofH,S0, i eliant (mmot L~ by

3) Jon chranabography was used as the referen ce m ethod

were used asmobile phase ata flov rate

analysi M ean values of retention times
of oxalic acd were 7 03 7 33 and
8 02m 1 respectively when 2 5 and 12 5 mmol/L sulfuric acid was used (Table 1). The retenton tine of

oxalic acid ncreased by 14% as the acd concentration ncreased fran 2 to 12 Smmol/L. These concentrations
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of sulfuric acd d i not affect the shape of oxalic acid peak and slightly changed he peak areas The relatve
standard deviatbn in the change of peak areawas 3 & with 1 Ommol/L aqueous solitbn of oxalic acid
W ith these hree different acid concentratbns( 2 5 and 12 5 1000

mmol/L), the values of oxalic acid n several bleaching filtrates 2 ggo oxalic acid

obtaned fum OP, Z Obg O, Q and P-stages laigely diverged fram g 600

the data obtaned by IC These data show that the concentration %’ 400

obtaned for oxalic acil decreased wih increasing concentration of ? [

sulfuric acil n themobik phase The detem inatbns madew ith 12 5 : i LA

mmol/LLH,S0s as mobik phase started to drav near to the actual 4 6 8 1012 14 16 18 20
time/min

concentration of oxalic acd detected by IC The chranatograns
demonstrate that oxalic acid was not separated on the Am nex HPX-— A 2mmol/L H,80,; B. 12 Smmo /L. H, 50,
87H column w ith 2mmol/L. sulfuric acil whereas he resolution was Fig 1 Chranatogram of Obc bleaching
filtrate fran oxygen bleaching
stage in HPLC analysis

slghtly mproved with ncreasng acid concentratbn and more peaks
appearedw ih 12 5 mmol/L H,80, as the mobile phase(Fig 1).
Analytical cond itions Q 6 mL /m in 35 C.

In an attempt to resole the problems with the canpounds that elited closely together the separation
temperature was raised fram 35 to 60 'C, but no further mpwoven ent was achieved and n contrast them ean
valie for the retention time of oxalic acl decreased slightly to 7. 89m inw ith 12 Smmol/L sulfuric acid as the
mobile phase at 60 C and Q 6 mL/m n ( data not shown). An increase n separatbn temperature did not
change the peak shape and slightly influenced peak areas The relative standaxd deviation in the change of peak
areawas 3 Fo wih 1 Ommol/L aqueous solution of oxalic acid
2 2 Study on varius pretreatments for bleaching filtrate using HPLC to detect oxalic acid

Snce bleachng filrates

Table 2 Camparison on varibus pre-treatnent prior to
contaned same campounds

oxalate assays w ith HPLCV

nterfering wih the HPLC " HPLC dag?
method several  different "™ prefreatm ent 5 125
kinds of pretreament were O2Fl None 8 66F0 65 733
0,£2 Dilution 2 tines 9. 40%0Q 34 6 69
evaliated The sanple chosen 0,63 150 /L AC 2 090 01 211
for ths suudy was the O-stage 0,64 200g/LAC 2. 40£0 09 220
bleachng filtrate contaning ©02F5 200 8/LAC dilutin 2 tines 2 10%0 37 225
L o1 VL oxalic acid( d 0,66 Dilitin 2 tines fist 150 g/L AC 2 7240 17 227
mmol/L exalic acid( de- 0,£7  Diktin 2 tines fist 200 g/L AC 2 40%0 01 227
temned by IC). Table 2 0,£8 Diltbn2 tmes fist [0mmol/L EDTA, 200 /LAC 2 4230 02 2 41
ndicates that HPIC gave 0,9 200 ¢/LAC, dilution 2 tines Smmol/L EDTA 2.44%0 11 2 36

erroneous valies when no 1) The concentration of oxalae & 1L 91 mmol/l, which was obtaned by IC. Conditions Q 6

pretream ent was made or mL i 35C; 2) 5and 12 5 are he conen of H, S0, (mmot L™ ")

when only dilitbnwas used However ifAC treatmentwas applied prior toH PLC, values around 2 28mmol/I,

close to 1. 91 mmol/l, were obtaned n the sanples fran O, £3 10 O, £9 with 12 5Smmol/LL H, S04 asmobile
phase at 35 C and Q 6mL/m n The decobrizatbnwas obsewed obvbusly after AC treament The chranato-
gran shows that the front peak was reduced sign ificantly and the separation of oxalic ac il w as satisfactory afier
tream entw ith AC(F & 2). However when 2mmol/LL H,SO4 was used as the eluant the separaton of oxalic

acid was still poor even after treatmentw ith AC(Fig 3) and ncorrect valieswere obtaned ( data not shown).



450 unk‘nown substance 300 r succinic acid
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g 350 i oxalic acid _g oxalic acid || /
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S 100 g
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50 50
0 0
4 6 8 10 12 14 16 18 20 4 6 8 10 12 14 16 18 20
time/min time/min
A. before treament B after treatledw ith 200 g/LAC A. 2mmol/LH,S80,; B 12 5mmol/LH,S0,
Fig 2 Chranatograms of O, f bleaching filtrate Fig 3 Chranatogramns of Obc bkaching
fran oxygen bleaching stage conditions filtrate fran oxygen bleaching stage
0 6mL/min 35°C, 12 5mmol/L H, SO, after treated with 150 g/L AC

2 3 Pretreatment by dilution followed by AC treatment in bleaching filtrates
Fwe b leach ng filtrates obtained fran Obg O, Q, Py and  Table3 M ore assays using the strategy dilntion

Prstages were enployed to verify the strategy with dilutbon first folbwed by AC treatm ent
(with a sample diluent containing 10 mmol/l. EDTA ) (150 g/L) in HPLC analyses
follwed by AC treaiment ( 150 g/L). Table 3 ndicates that _blaching filrates HPLCY Ic?
after usng he strategy, both results obtained w ith the HPLC V001 (Obe) 396 302
) : . ) V002 (0f 0.41 058
analysk correlated wih those obtained with IC very well V003 (Qf 013 0 028
w ih the excepton of the valie obtained by HPLC analysis of V005 (P, ) 0. 14 Q12
V008 (P, f) 0. 14 0 16

the Q-stage filrate L near regression analyst of the 5

resu lis gave the equation y= 1 294 7% and the correlatbn 1)HPLC conditions 12 5 mmol/L H,80, 0. 6mL /n in

coefficient (R) was Q 994

35C; 2) Cmethod was used as a reference here A ll

assaysw ere perffomed i duplicates andm ean valie was

3 C OnC]llSiOn presen ted

3 1 Analyses perfomed with the Am mex HPX-87H cobmn showed good precison and accuracy with
aqueous solution of oxalic acid H owever it did not efficiently separate oxalic acd fran other canpounds n
bleach ng filirates under the conditions nvestgated Erroneous resulis were obtaned even under optm ized
conditions where the concentration of sulfuric acid n themobile phasewas increased fran 2 to 12 Smmol/L
and the separaton tem perature w as raised fran 35 to 60 C. Nevertheless the tendency to appwach the correct
valie and higher resolitbn was mproved when 2mmol/L H, S04 was rep laced w ith 12 5mmol/L

3 2 An ncrease n the concentration of acid in the mobile phase resulied in longer retention tin e of oxalic
acid and consequently mproved resolitbn of separation of oganic acids Themost dranatic increase (14% )
n retention tim e of oxalic acid was seen when the strengh of sulfuric acd was increased fran 2 0o 12 5
mmol/LL The result is n accordancew ith a prevus reportw ith respect to the effect of sulfuric acid concentra
tbn' . A good separation could be obtaned at a higher acd concentratbn of the elhiant since the elevated
concentration of sulfiric acid n the eluant affects the dissociatbn of oxalic acid However obviousl, this
mpwovenentwas nsufficent for separation of oxalic acid fran other canpounds in the bleach ng filtrates

These canpounds( the first peak n the chranatograns) were alvays elited near the voil volume togetherw ith
oxalic acid The first peak before oxalic acid m ight be sane other anions snce here are several different anions
present in bleach ng filirates such as chloride and carbonate or other matrix fran lignocellibse When dilute

sulfuric aci is used as he eluan} organic acids elute fran the column n the order of hcreasing pK,, snce the



28 25

retention of oanic acids depends prin arily on the dissoc atbn of the acid ™™, Add itionally the elitbn oder
is also affected by adsorpton partition ng of the acd w ih the stationary phase[ ¥ At suffic iently bw (H valig
weak omanic acds are undissociated or weakly dssociated They can diffise nto the resin pores of the
stationary phase while strongly anionic substances are rejected by the resin So anions are elited near the vod
volme The omganic acids which have been ionized i the acidicmobile phase elute according to the fraction
of the aci ionized

3 3 An ncrease n separaton temperaiure caused the opposite response a decrease in reten tbn tin e of oxalic
acid at elevated temperature This was suggested to be a function of the akyl chan length of oxalic acil "
3 4 Pretreamentwith AC afforded away to get rid of most of the interference fran other canpounds Pre-
treamentw ith 150 g/ AC was sufficient for the HPLC analysis Nevertheless with 2 mmol/LL H,SO, as the
eluant an ncorrectvaliewas still obtaned even ifAC treament was used snce the resolitbnwas very poor

Themobile phase consisting of 12 Smmol/L sulfuric acid must therefore be canbned w ith AC treament
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