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Abstrac t: Ana lysis and control o f ox alic acid in b leach ing filtra tes has recently ga ined considerab le attention in the

pu lp and paper industry due to problem s w ith the fo rm ation o f calc ium oxa late sca ling. Chroma tog raph icm ethods, such

as H PLC and ion chroma tog raphy( IC ), are gene ra lly v aluable as standard m ethods fo r de term ination o f oxa lic ac id. In

this study, a HPLC system equ ipped w ith an Am inex HPX-87H co lumn w as app lied to determ ine oxa lic acid in

authentic b leaching filtrates. An established IC me thod based on separation w ith an anion-exchange column w as used

as referencem ethod. The resu lts show ed that bleach ing filtrates conta in compounds inter fe ringw ith theHPLCm ethod.

A stra tegy, dilution of the samp les fo llow ed by treatm ent w ith activ ated carbon, w as needed to obta in sim ilar oxa lic

ac id concentrations as prov ided by the re ferencem ethod. The correlation(R = 0. 994) be tw een theH PLC m ethod and

the IC m ethod is descr ibed by the equation y = 1. 294 7x. The m e thod improves the possibility for contro l o f cr itica l

oxa lic ac id concentra tion in closed- loop b leach ing stream s.
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摘 � 要: 近年来草酸钙 (草酸垢 )的形成在制浆造纸工业中造成诸多问题,因此如何分析及控制漂白废液中的

草酸浓度就显得尤为重要。高效液相色谱和离子交换色谱等色谱法一般可以作为测定草酸的标准方法。本

研究以一个基于阴离子交换柱的离子交换色谱法作为对照方法,利用一套配备了 Am inex H PX- 87H 液相色谱

柱的高效液相色谱系统测定漂白废液中的草酸浓度。结果显示,漂白废液中含有一些干扰高效液相色谱法测

定的化合物。通过采用稀释样品后再经活性炭吸附的处理方法,可以得到较为满意的结果。分析发现高效液

相色谱法与离子交换色谱 (对照法 )之间的相关性较好, 相关系数为 0. 994。该方法的建立将有利于监控制浆

造纸企业中闭路循环漂液中形成草酸钙时的临界草酸浓度。
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Now adays bleach ing w ith oxygen-containing reagents and the use of counter-current w ashing w ith closure

of the w ater streams in the pulpm il,l togetherw ith ex terna lwastew ater treatmen,t have made b leaching o f pu lp
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more environmenta lly friendly than prev iously. How ever, oxygen bleach ing and the use o f strong ox id izing

agents like hydrogen perox ide and ozone resu lt in ex tensive ox idation of the disso lved lignocellulosic materia l

and formation of various acids like oxalic, form ic and acet ic acid
[ 1]
. Since processw ater is recirculated in o rder

to decrease fresh w ater consumption, the concentration o f oxalic ac id from bleach ing, pulping and a lso from

nat ive wood w ill increase. The accumu lation of oxalic acid causes a considerab ly urgent prob lem, namely the

prec ip itat ion of calc ium oxalate, also known as scaling, w hich is a ma jo r obstacle to system closure. Selective

elim ination of oxa lic acid by using oxa late-degrad ing enzymes like oxa late ox idase and oxalate decarboxy lase is

a po tentia l approach to prevent scaling
[ 2- 3]

. Therefore, the ability to perform rapid assays and contro l o f the

concentration o f oxalic acid in b leach ing filtrates is o f part icular importance for the pu lp and paper industry.

Prev iously, a method using ion chromatog raphy( IC ) to separate and detect organic ac ids inc lud ing oxa lic

acid in b leach ing filtrates was reported
[ 4- 5]

. How ever, th is is a very specia lized ana ly tica l system and also

re latively expensive. A simple and conven ientmethod for detection o f oxalic acid in b leach ing filtrates has no t

been constructed ye.t H ere, w e invest igated an alternative approach, nam ely ordinaryHPLC utilizing a B io-Rad

Am inex HPX-87H ion-exclusion resin co lumn. Th is study is the first in wh ichHPLC is used for determ ination

of oxa lic ac id in bleaching filtrates from the pulp and paper industry.

In the study, the inf luences o f column temperature and acid strength of eluant on the retention and separa-

t ion of oxa lic acid o f b leach ing filtrates on theAm inex ion-exclusion co lumnHPX-87H were investigated. The

effect of pretreatm entw ith activated carbon( AC ) prior to separation and identif ication o f oxalic acid by HPLC

was exam ined in deta i.l The accuracy o f the method in au thentic bleaching filtrate w as compared w ith a

re ference method consisting o f an ion chromatography system equipped w ith a conductimetric detector and an

IonPac AS4A-SC an ion-exchange column.

1� Experimental

1. 1� Chem ica ls and oxa lic acid standard solution

Un less otherw ise stated, all chem icals used w ere obta ined from Sigma-A ldr ich( S.t Louis, MO, USA ). This

includes AC( ac id w ashed w ith hydroch loric acid, Ca.t No. C 4386) . A sample d iluent buffer fo rAC treatmen t

w as madew ith succinic acid ( 50 mmo l/L ) and ad justed to pH va lue 6. 5 w ith NaOH. Oxalic ac id standard

solutions w eremade by d isso lving oxalic ac id in d istilled w ater to ach ieve the requ ired concentrations from 0. 2

to 2. 0mmo l/L.

1. 2� B leaching filtrate preparation

A set o f b leaching f iltrates from pulp and paperm ills w as co llected from OP, Z, Obc, O, Q and P-stages.

Just before ana lysis w ith HPLC orAC treatmen,t the pH va lue of the bleach ing filtrates w as adjusted to 4- 6

using 20% H 2 SO4 or 10mo l/L NaOH.

1. 3� Pretreatment of b leaching filtrates w ith activated carbon

The pH-adjusted bleach ing filtrate w as diluted w ith an equal vo lume of sample diluent ( 50mmol /L, pH

value 6. 5) . The pH value of the diluted b leach ing f iltratew as checked by using a pH-meter tomake sure tha t

the pH va lue shou ld be 6. 5. If no ,t the pH va lue w as ad justed w ith H2 SO4 orN aOH. Thereafter, the d iluted

bleach ing filtrate w as m ixed w ith 150 or 200 g /L AC in 15-mL cen trifuge tubes fo r 5m in by using a ro tating

m ixer. Then, the m ix turew as filtered w ithWhatm an filter paper( 1F qua lity filter papers, M unkte ll F ilter AB,

Grycksbo, Sw eden) under vacuum, or a lternative ly, w as centrifuged for 5m in at 2 500 r /m in. Oxa la te standard

solutions w ere prepared and treated in the samew ay as the bleach ing filtrates. The pH value w as checked and

ad justed as for the b leach ing filtrates. The filtrates or supernatants w ere ana lyzed w ithHPLC m ethod.

1. 4� Analysis of oxalic acid byHPLC
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Oxa lic acid w as separated by anHPLC system ( Shimadzu, Kyoto, Japan) equipped w ith an Am inexHPX-

87H column( resin in hydrogen form o f su lfonated diviny lbenzene-styrene copo lymer, mean particle d iam eter 9

�m, 300mm � 7. 8mm .i d. ; B io-Rad, H ercules, CA ) at 35 o r 60 � w ith 2, 5 or 12. 5mmol /L H2 SO 4 as

mob ile phase at a flow rate of 0. 6mL /m in. The system was equ ipped w ith a C ation-H R efill Cartridge ( B io-

Rad) prior to theHPX-87H co lumn. Oxalic ac id w as detected by using aUV detector ( SPD-6A, Sh imadzu) a t

210 nm. A ll chromatograph ic data w ere recorded and ana lyzed by using a G ilson U nipo int System Softw are

(M iddleton, W I, USA ). For a ll ana lyses, 20 �L of sample w as injected. Oxalic ac id w as identified by the

retention tim es compared to those o f ex ternal standards. The concen trat ion of oxa lic acid w as ca lculated by

comparing the obtained peak area to a ca libration curve. The pH value of bleach ing f iltrates w as ad justed to

around 4- 6 by using 20% sulfur ic acid o r 10mol /L N aOH. Thereafter, the b leach ing filtrates w ere filtered

through 0. 2 �m membrane filters ( A dvantec MFS, P leasanton, CA, USA ) . A ll analyses w ere carried out in

duplicates andmean values are presented. If the va lue of oxa lic ac id exceeded the standard ranges, the sample

w as d iluted appropriate ly w ith w ater.

1. 5� Determ ination of oxalic ac id by IC

The chromatograph ic equ ipment consisted of a D ionex 2020-i series ion chromatography system equ ipped

w ith a conductimetric detector ( ED-40). An IonPacAS4A-SC an ion-exchange co lumn ( 250mm � 4mm .i d. )

and anAG4A guard co lumnw ere used. A membrane suppressor ( ASRS-I) w as used to convert the e luant and

the separated an ions to their respective acid fo rms and to low er the conduct iv ity o f the eluant relative to that o f

the ions of in teres.t A ll instrumen tation including the co lumns and the suppressor, w as supp lied by D ionex

( Sunnyvale, CA, USA ) . The mobile phase consisted o f 1. 7mmo l/L N aHCO3 and 1. 8mmo l/L Na2CO3 and

w as applied at a flow rate o f 2. 0mL /m in. For a ll analyses, 20 �L o f sample w as in jected. Ions w ere ident ified

by their retention times compared to those o f externa l standards. Quant ification of oxalic acid w as accomplished

by comparing the obtained peak area to a ca librat ion curve. The EZchrom so ftw are system, version 2. 31

( Sc ientific Softw are Inc. , P leasanton, CA, USA ) w as used for the quantif ication procedure. A deta iled descrip-

t ion of the methods used for determ inat ion of oxa lic acid and ca lcium oxa late w as presented and d iscussed

prev iously
[ 5]
.

Tab le 1� Oxalic acid ana lysis byHPLC and ion chromatography

w ithout AC treatm en t

sam ples
orig inal

pH value

H PLC data2)

2

( R t= 7. 03)

5

( R t= 7. 33)

12. 5

( Rt= 8. 02 )

IC3)

0. 21) � 0. 22 0. 20 0. 21 �
OP 12. 37 21. 29 22. 26 9. 01 2. 40

Z 2. 08 4. 91 4. 49 2. 01 0. 90

Ob c 10. 82 12. 18 10. 06 5. 83 5. 84

O 1 10. 22 13. 89 6. 14 1. 09 1. 46

O 2 12. 38 8. 16 8. 20 7. 33 1. 91

Q 5. 64 5. 15 4. 09 0. 13 0. 17

P1 9. 69 4. 74 4. 16 0. 68 0. 20

P2 9. 53 2. 75 2. 29 0. 58 0. 28

1 ) 0. 2- 2. 0mm ol /L aqu eou s oxalate solu tions w ere used as standards and here the

data from th e 0. 2mmo l/L s tandard are show n;

2 )Mean value of the retention tmi e of a series of oxalic acid standards, HPLC cond it ions:

35 � , 0. 6mL /m in; 2, 5 and 12. 5 are the concn. ofH2 SO4 in eluant (mmol�L
- 1 );

3 ) Ion ch rom atography w as used as the referen ce m ethod

2� Results and d iscassions

2. 1 � Analysis of oxalic acid using

the HPLC system

The resu lts obtained by D ionex ion

exchange chromatography equ ipped w ith

an IonPac AS4A-SC anion-exchange

co lumn w ere used as references for

oxalic ac id determ ination in b leaching

filtrates. Three different concentrations of

su lfuric ac id ( 2, 5 and 12. 5mmo l/L )

w ere used asmob ile phase at a flow ra te

of 0. 6 mL /m in at 35 � fo r HPLC

analysis. M ean values of retention t imes

of oxalic acid w ere 7. 03, 7. 33 and

8. 02m in, respective ly, w hen 2, 5 and 12. 5 mmo l/L su lfuric acid w as used ( Table 1). The retent ion tim e o f

oxa lic acid increased by 14% as the acid concentration increased from 2 to 12. 5mmo l/L. These concentrations
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of sulfuric ac id d id not affect the shape of oxalic ac id peak and slight ly changed the peak areas. The re lative

standard dev iation in the change o f peak area w as 5. 8% w ith 1. 0mmo l/L aqueous so lu tion of oxa lic acid.

A. 2mmol /L H2 SO 4; B. 12. 5mmo l/L H2 SO 4

Fig. 1� Chrom atogram of Obc b leach ing

filtrate from oxygen b leach ing

stage in HPLC analysis

W ith these three d ifferen t acid concentrat ions ( 2, 5 and 12. 5

mmo l /L) , the values o f oxalic acid in several bleach ing filtrates,

obtained from OP, Z, Obc, O, Q and P-stages, large ly diverged from

the data obtained by IC. These data show that the concentration

obtained for ox alic ac id decreased w ith increasing concentration o f

su lfuric ac id in themob ile phase. The determ inat ions madew ith 12. 5

mmo l /L H 2SO4 as mob ile phase started to draw near to the actua l

concentration of ox alic ac id detected by IC. The chromatograms

demonstrate that oxalic acid w as not separated on the Am inex HPX-

87H column w ith 2mmo l/L su lfuric acid whereas the resolution w as

slightly improved w ith increasing acid concen trat ion and more peaks

appeared w ith 12. 5 mmo l/L H 2SO 4 as the mob ile phase ( F ig. 1 ).

Analyt ica l cond itions: 0. 6mL /m in, 35 � .

In an attempt to reso lve the problems w ith the compounds that e luted close ly together, the separation

temperature w as raised from 35 to 60 � , but no further improvem ent w as achieved and in contras,t them ean

value for the retention time of oxalic ac id decreased slight ly to 7. 89m in w ith 12. 5mmo l/L sulfuric acid as the

mob ile phase at 60 � and 0. 6 mL /m in ( data no t shown ). An increase in separat ion temperature did no t

change the peak shape and sligh tly influenced peak areas. The re lative standard dev iation in the change of peak

areaw as 5. 5% w ith 1. 0mmo l /L aqueous so lution of oxalic acid.

2. 2� Study on var ious pretreatments for bleaching filtrate usingHPLC to detect oxa lic acid

Table 2� Comparison on var ious pre-treatmen t pr ior to

oxalate assays w ith HPLC1)

f iltrates p retreatm ent
HPLC data2)

5 12. 5

O 2 -f 1 None 8. 66 � 0. 65 7. 33

O 2 -f 2 D ilu t ion 2 tim es 9. 40 � 0. 34 6. 69

O 2 -f 3 150 g/L AC 2. 09 � 0. 01 2. 11

O 2 -f 4 200 g/L AC 2. 40 � 0. 09 2. 20

O 2 -f 5 200 g/L AC, d ilut ion 2 tim es 2. 10 � 0. 37 2. 25

O 2 -f 6 D ilu t ion 2 tim es firs t, 150 g /L AC 2. 72 � 0. 17 2. 27

O
2
-f 7 D ilu t ion 2 tim es firs t, 200 g /L AC 2. 40 � 0. 01 2. 27

O
2
-f 8 D ilu t ion 2 tim es f irst, 10mmol /L EDTA, 200 g/L AC 2. 42 � 0. 02 2. 41

O 2 -f 9 200 g/L AC, d ilut ion 2 tim es, 5mm ol/L EDTA 2. 44 � 0. 11 2. 36

1 ) The concen trat ion of oxalate is 1. 91 mmo l/L, w h ich was ob tained by IC. Condit ions: 0. 6

mL /m in, 35 � ; 2) 5 and 12. 5 are th e con cn. ofH 2 SO 4 (mm ol�L
- 1 )

S ince bleach ing filtrates

conta ined some compounds

interfering w ith the HPLC

method, several d ifferent

kinds o f pretreatmen t w ere

eva luated. The sample chosen

for th is study w as the O-stage

bleach ing filtrate conta in ing

1. 91mmol /L oxa lic acid( de-

term ined by IC ) . Tab le 2

indica tes that HPLC gave

erroneous va lues when no

pretreatm ent was made or

w hen on ly dilut ion w as used. How ever, ifAC treatmentwas applied prior toHPLC, values around 2. 28mmo l/L,

close to 1. 91mmo l/L, w ere obtained in the samples from O2 -f 3 to O2 -f 9 w ith 12. 5mmol /L H 2 SO4 as mob ile

phase at 35 � and 0. 6mL /m in. The deco lo rizat ion w as observed obv iously afterAC trea tmen.t The chromato-

gram show s that the front peak w as reduced sign ificantly, and the separation of oxalic ac id w as satisfactory after

treatm entw ith AC ( F ig. 2). H ow ever, when 2mmo l/L H 2SO4 was used as the eluan,t the separat ion of oxa lic

acid w as still poo r even after treatmentw ith AC ( Fig. 3) and incorrect valuesw ere obta ined ( data no t show n).
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A. b efore treatm en t; B. after treatedw ith 200 g/L AC

F ig. 2� Chromatogram s of O2 f bleach ing f iltrate

from oxygen bleach ing stage cond itions:

0. 6mL/m in, 35 � , 12. 5 mm ol/L H2 SO4

A. 2mm ol/L H2 SO4; B. 12. 5mm ol/L H2 SO4

F ig. 3� Chromatogram s of Obc b leach ing

f iltrate from oxygen bleach ing stage

after treated w ith 150 g/L AC

2. 3� Pretreatment by dilution followed by AC treatment in bleaching filtrates

Table 3� M ore assays u sing the strategy dilu tion

first followed by AC treatm en t

( 150 g /L ) in HPLC analyses

b leach ing filtrates H PLC1) IC 2)

V001 (Ob c) 3. 96 3. 02

V002 ( O f) 0. 41 0. 58

V003 ( Q f) 0. 13 0. 028

V005 ( P1 f) 0. 14 0. 12

V008 ( P2 f) 0. 14 0. 16

1 )HPLC cond itions: 12. 5 mmol /L H 2 SO 4, 0. 6mL /m in,

35 � ; 2 ) IC m ethod w as u sed as a referen ce here. A ll

assaysw ere perform ed in duplicates andm ean value w as

p resen ted

F ive b leach ing filtrates obtained from Obc, O, Q, P1 and

P2-stages w ere employed to ver ify the strategy w ith dilut ion

( w ith a samp le diluent containing 10 mmo l/L EDTA )

follow ed by AC treatment ( 150 g /L) . Table 3 indicates that

after using the strategy, both resu lts obtained w ith theHPLC

analysis corre lated w ith those ob tained w ith IC very w el,l

w ith the except ion of the va lue obta ined byHPLC ana lysis of

the Q-stage filtrate. L inear regression analysis of the 5

resu lts gave the equation y = 1. 294 7x and the correlat ion

coeffic ient (R ) w as 0. 994.

3� Conclusion

3. 1� Analyses performed w ith the Am inex HPX-87H co lumn show ed good precision and accuracy w ith

aqueous so lution of oxa lic acid. H ow ever, it d id not effic iently separate oxa lic ac id from o ther compounds in

bleach ing filtrates under the cond itions invest igated. E rroneous results w ere obtained even under optim ized

conditions, w here the concentration o f su lfuric acid in themob ile phasew as increased from 2 to 12. 5mmo l/L

and the separation temperaturew as raised from 35 to 60 � . Neverthe less, the tendency to approach the correct

value and higher reso lut ion w as improved when 2mmo l/L H 2 SO4 was rep laced w ith 12. 5mmol /L.

3. 2� An increase in the concentration of acid in the mobile phase resu lted in longer retention tim e o f oxa lic

acid and consequently improved reso lut ion of separation o f o rgan ic acids. Themost dramat ic increase ( 14% )

in retention tim e of oxalic acid w as seen when the streng th of sulfuric ac id w as increased from 2 to 12. 5

mmo l /L. The resu lt is in accordancew ith a prev ious reportw ith respect to the effect o f sulfuric acid concentra-

t ion
[ 6]
. A good separation could be obta ined at a h igher acid concentrat ion o f the e luant since the e levated

concentration o f sulfuric acid in the eluant a ffects the d issoc iation of oxalic acid. How ever obv iously, this

improvementw as insuffic ien t fo r separation of oxa lic acid from other compounds in the b leach ing filtrates.

These compounds( the first peak in the chromatograms) w ere alw ays e luted near the vo id volume togetherw ith

oxa lic acid. The first peak befo re oxalic ac idm ight be some o ther anions since there are several different anions

present in bleach ing filtrates, such as chloride and carbonate, o r other matrix from lignocellu lose. When d ilute

su lfuric ac id is used as the eluan,t organ ic acids elute from the co lumn in the order o f increasing pK a, s ince the
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retention o f organ ic acids depends prim arily on the d issoc ia tion of the acid
[ 7- 8]

. Add itionally, the e lut ion o rder

is a lso affected by adsorption part ition ing of the ac id w ith the stationary phase
[ 8]
. A t suffic iently low pH value,

w eak o rgan ic acids are undissoc iated or w eakly d issociated. They can diffuse in to the resin pores of the

stationary phase, w hile strongly anion ic substances are re jected by the resin. So anions are e luted near the vo id

vo lume. The o rgan ic acids, wh ich have been ion ized in the acid icmobile phase, elute according to the fraction

of the ac id ion ized.

3. 3� An increase in separation tempera ture caused the opposite response, a decrease in reten tion tim e o f oxa lic
acid at elevated temperature. Th is w as suggested to be a function o f the a lky l chain length o f oxalic ac id

[ 8]
.

3. 4� Pretreatment w ith AC afforded a w ay to get rid of most of the interference from other compounds. Pre-

treatmentw ith 150 g /L AC was sufficient for the HPLC ana lysis. N evertheless, w ith 2 mmo l/L H 2SO4 as the

eluant, an inco rrect va luew as still obtained even ifAC trea tment w as used since the reso lut ion w as very poor.

Themobile phase consisting of 12. 5mmo l/L su lfuric acidmust therefore be comb ined w ith AC treatmen.t

Acknow ledgm en t: The financ ia l support of V innova, the Sw edish Agency for Innova tion System s, is gratefu lly acknow ledged.

R eferences:

[ 1] ELSANDER A, EK M, GELLERSTEDT G. Oxal ic acid form at ion during ECF and TCF b leach ing[ J] . Tapp i J, 2000, 83( 2) : 73- 77.

[ 2]N ILVEBRANT N-O, RE IMANN A, DE SOU SA F, et a l. En zym at ic d egradation of oxalic acid for prevent ion of scaling[ J ]. Prog B iotechn o,l

2002, 21: 231- 238.

[ 3] NILVEBRANT N-O, CASSLAND P, LARSSON S, e t al. C ompound s in b leach ing f iltrates in terfering w ith the action of oxalate-degrad ing

enzym es[ A] . 223 rd ACS N at ion alM eet ing[C ] . USA: O rlando, F lorida, 2002, 04, 7- 11, 223: 041- CELL part 1.

[ 4] EASTY D B, JOHNSON J E, WEBB A A. Analys is of b leach ing liquors by ion chrom atography[ J]. Pap Puu, 1986, 68: 415- 417.

[ 5] RE IMANN A, DE SOUSA F, JANSSON M-B. 6 th E urop eanWorkshop on L ignocellulos ics and Pu lp( EWLP) [ C ]. Fran ce: Bordeaux, 2000. 543

- 546.

[ 6] QIU J. S tat is tics aid ed op tim izat ion for h igh-perform ance liqu id chromatograph ic an alysis of organ ic acids in tobacco[ J] . JC hrom atogrA, 1999,

859: 153- 158.

[ 7] PAPP E, KERESZTES P. Reten t ion b ehaviour ofm ono- and dicarboxylic acids, carbohydrates and alcohols in ion-exclus ion ch rom atography

[ J] . J Ch rom atogr A, 1990, 506: 157- 167.

[ 8] FISCHER K, B IPP H-P, B IEN IEK D, et al. D eterm in at ion of monom eric sugar and carboxy lic acids by ion-exclu sion ch rom atography[ J] . J

Ch rom atogr A, 1995, 706: 361- 373.

本刊 信 息

本刊编辑部尚有创刊以来的部分过刊库存,见下表。所有价格均含邮费,其中 1984年第 4期, 1987

年第 1期, 1992年第 1期已售完。

年份 1982~ 1988 1989~ 1993 1994~ 1995 1996~ 2001 2002~ 2004

价格 10元 /年 15元 /年 20元 /年 30元 /年 40元 /年

� � 另有 1994年的增刊《松香�松节油再加工专辑》, 10元 /本; 2004年增刊, 主要为松香、松节油及其

深加工研究论文, 20元 /本 (均含邮费 )。

如有漏订或收藏不全需补购者可直接汇款至本刊编辑部,汇款人须在汇款单上写清详细地址,附言

栏内注明所购年份、期号及数量。编辑部地址见本刊封四。


