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ABSTRACT 

SAPPI SAJCCOR, whose factory is situated south of Durban, South Africa, is onc of the 

few paper and pulp mills that lIses the acid sulphite process with calcium and magnesium 

bases to produce a high~grade cellulose pulp. Four streams of effluent, namely, the 

calcium - spent liquor stream, the magnesium condensate stream and two streams fTom 

the bleaching effluent are produced during this sulphite pulping process and they contain 

a variety of organic compounds extracted from the wood. Characterisation of the effluent 

was based on isolation using column chromatography and identification using NMR 

techniques. 

A range of constituents, such as lignans and lignin - type precursors, a trilerpenoid and 

fatty acids were isolated and identified. X-ray diffraction was used to identify an 

inorganic residue obtained from the calcium - spent liquor stream and gas 

chromatography/mass spectrometry was used to identify a wax residue. which builds up 

in the process. [n addition to this, the carbohydrate content of the four streams of effluent 

was detennined using UV/visiblc spectroscopy. 
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CHAPTER 1: INTRODUCTION 

1.1 THE AIM OF TIl E PROJECT 

The aim of thi s project was to extract and characteri se the organic components of 

SA PPI SA ICCOR's efflu ent. The main effluent is made up of fou r streams, namely, 

the ca lcium - spent liquor, the magnesium condensate, the O2 - stage bleaching 

effluent and the E2 - stage bleach ing e ffiuen t streams. Attempts, thus far, at reducing 

the amount of e ffluent pumped out to sea have been based on a reduction of the 

calcium ~ spent liquor and the magnesium emuent streams. Su lphite puJp ing 

processes arc known to produce iignosulphonales, which have a variety of uses and it 

is for thi s reason that Lignotcch was built adjacent to the SAPPI SAICCOR factory. 

At present, approximately 3 1 % of SAPPl SAICCOR's calc ium spent liquor is 

pumped to Lignotech who remove the lignosulphonates for commercia l purposes!. 

Future trends could either increase or lower the percentage of e rfluent that is sent to 

Lignotcch, depending on the c(l pacily and expansion plans of Lignotech I. 

The recentl y built magnesium - based sec tion recycles its ertlucn t by burning it to 

produce energy and at the same time producing MgO that is sent back 10 the digesters 

to be used as a base. Some analysis had been carried out, over the years, on the 

effluent but never in great detail. However, recent trends have focussed on the 

environment and the impact of industrial effluen t, which has initiated an investigation 

into further ways of reducing the erfluent. In order to do thi s, the effluent must be 

characterised and this has been the basis of th is project. Thus, it is SA PPI 

SAICCOR's intention to identify commerciall y exploitable compounds that can be 

eXl'racted and marketed, thus further reducing the impact on the environment. 

1.2 A BRIEF OVERVIEW OF THE TYPES OF SULPHITE PULPING 

Pulping processes include mechanical pulping, chemi - mechanical and chemi­

thermomechan ica l pulping. semichemical pulping, high yield chemical pulping and 

full chemical pulping. Full chemical pulping involves alkaline pulping and sulphite 

pulping, and a brief overview of the various types of sulphite pulping wi ll be given 

here. 



Sulphite processes are characterised by the composi tion of the cooking liquor, which 

influences the cooking pH and the choice of the base. They can be grouped into five 

princip le types, that is, acidic sulphite puJping, bisulphite pulping, multi • stage 

sulphite pulping, neutral su lphite pUlping and alka line sulphi te pulp ing. 

In acidic su lphite pulping, calc ium is the classical base and has both advantages and 

severe disadvantages. The advantages are the low price and the good availability of 

limestone as the dominant raw material. The disadvantages are the limited solubi lity 

of calcium sulphi tc, sca ling problems and the lack of a suitable recovery system2. The 

low solubility of calcium sulphi te at elevated temperatures rcquires an excess of free 

S02 to keep the pH value below 3, preventing the formation of calcium sulph ite from 

calcium hydrogen sulphite. 

A much better solubility is obta ined with magnesium as a base, covering the pH range 

up to about 52. The outstanding advantage o f magnes ium based sulphite pulping is 

the poss ibility of combusting the waste liquor 10 yield magnesium oxide and sulphur 

dioxide, which may be recycled for producing fresh cooking liquor. 

Sulphite pulps have many advantages over Kraft pulps, in that, they have higher 

yields al a given kappa number resulting in lower wood consumpt ion, higher 

brightness of unbleached pulps, higher flexibili ty of bleaching and bleaching wi thout 

chlorine, lower installation capital costs and highe r flex ibi li ty in pulp yields and 

grades2.Jt . 

A simplified flow diagram ofa sulphite pulping process is shown in Scheme 12. 

, Kappa number refers to the amount of residual lignin present in the pulp and is generally used to 
determine the grade of pulp produced and its end uses. 
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SCHEME 1: Simplified flow cha.-. of a su lphite pulping proccssz 

In acid ic sulphite pUlping the digester is filled with the max imum amount of chips. 

Generally, the chips are pre - steamed during the filling procedure to remove the air, 

but evacuation or pressure impregnat ion can also be effecti ve2. This is done to 

improve the penetration of the cooking liquor into the chips2. 

Digestion can be carried out continuously or as a batch process , which is the most 

common form. The liquor is heated by direct steam injecti on or by indirect healing 

using a heal exchanger to reach the maximum cooking temperature, which varies 

between 125 0 C and 1800 C, depending on the special process and tbe desired pulp 

type2
• The cooking pressure varies between 5 and 7 bar2. The cooking temperature is 

contro lled by steam and by reducing the pressure when the cook is fi ni shed, the 

digester content is d ischarged into the blow - tank at a reduced pressure of about 2 

bar. While the spent liquor is being removed, wash water is introduced. The ready 

3 
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washed pulp is screened and cleaned to remove the rejects, and finally thickened. The 

unbleached pulp may be further bleached, dried or converted directly into paper 

dependi ng on the quality and end use of the product. The spent liquor may be used 

for recovery of by-products or combusted after evaporation to yie ld heat and to 

recover the base, if possible. 

The class ica l process, tbe acidic ca lcium bisulphite process, appl ies a cooking liquor 

of Ca(I-ISO)h with a high excess of free sulphur diox ide, which mainta ins the pH at 

approximately 1.2_ 1.52
. 

The typical process to prepare the sulphite cooking liquor in acid ic calc ium bisul phite 

pulping is lO feed sulphur diox ide gas and water through calc ium carbonate rocks 

(limestone) in the absorption tower, in order to have them react acco rding to the 

. " equatIons' ; 

H20 + S02 ___ H2S03 

--~~ Ca(HS03h + C02 + H20 
(ca lcium bisulphite) 

SC HEME 2: React ion scheme for the production of ca lcium bisulphitcz 

As the free highl y acid ic S02 penetrates much more quickly in to the wood chips than 

the liquor, the temperature increase during the heating period must be slow. 

Otherwise, early lignin condensat ion reactions will take place, result ing in incomplete 

del ignification2.5 . The final cooki ng temperature is generally kept between 125-135° 

C for the production of paper pulps, and up to 145°C in dissolving pulp production2
. 

One of the disadvantages o f lhi s process is the length oflhe total cooking cycle, which 

lasts up to twelve hours. Other disadvantages are scaling problems, the lack of a 

chemical recovery system and environmental problems. Wi th rega rd to the wood raw 

material, no species with a high resin conten t (e.g. p ines and many hardwoods) or 

chips with considerable amounts of bark can be used , due to condensation reactions of 

lign in with extract ive components prevent ing a sufficient sulphonation2
. 

4 



The bisulphite processes are characterised by cooking pH values of 3-5 and the use of 

true bisulphite liquors without excess sulphur dioxide. Sodium and magnesium are 

used as bases, but in principle, ammonia is also suitable. 

The main commercial processes are the Arbiso process using sodium as a base and the 

magnesium-based Magneti te process1
. The magnesIum bisulphite process offers 

many advantages, for example, no escape of sulphur dioxide during blowing, 

continuous pulping, no scaling during evaporation and easy chemical recoveri. 

Additionally, the process is regarded as highly flexible with regard to the wood 

species used and these pulps have higher brightness values and bleaching advantages2
. 

Numerous mulli - stage processes have been suggested to combine the advantages o f 

alkaline and acidic pulping to obtain a higher flexibility of pulp yields and qualities. 

Only two types using sodium as a base are of conllnerciai importance. The first is the 

Stora process, starting with a sulphite - bisulphite mixture at a pH between 6 and 8, 

followed by an acidic step at low pH (1-2) by adding sulphur dioxide and/or acidic 

liquor4. The second type of multi - stage sulphite processes is the Sivola (Rauma) 

process, which has an initial bisulphite stage (pH 3-5), followed by a cooking stage at 

pH 6_94
• The inclusion of an acidic stage between the bisulphite and alkaline stage is 

especially su itable for the production of soft wood dissolving puJpS2. 

One of the most promising advances in sulphite pulping is the alkaline su lphite 

process (AS) using sodium sulphite and sodium hydrox ide in combination at pH 

levels up to 13. The process combines the advantages of Kraft pulping with su lphite 

pUlping characteri sti cs sll ch as high yields of bright and well bleachable pulps and 

fewer or no odour problems2
• 

5 



1.3 COMPOUNDS IDENTIFIED IN SULPHITE PULPING EFFLUENTS 

Early studies on the spent liquor of sulphite pulping processes revealed a variety of 

compounds present in the liquor. Studies based on laboratory sulphite pulped aspen 

wood using ammonia as the base showed the presence of many different types of 

compounds ranging from lignans 10 long chain fatty acids6. The compounds iso lated 

and identified were vanillin, syringaldehydc, p-hydroxybenzoic ac id, vani ll ic acid, 

sy ringic acids and some long cha in fatty acids, such as, myristic, palmitic, linoleic and 

linolenic acids 7, Isomers of the lignan lirioresinol were also identified as well as some 

flavono ids7
, 

Thereafter work was carried out on a commercial sulphite liquor sample. Studies by 

Pearl and Beyer of an ammonia·based aspen spent su lphite liquor involved elher 

extraction and fractionation into 'neutra ls', weak acids' and 'strong acids,8,9. The 

neutral s were found to cnntain mostly sugars with xy lose as the major component. 

Some lignin· like or phenolic mater ials were also identified, but only on hydrolys is of 

this fraction and it was therefore thought that these phenolic materia ls were 

complexed with carbohydrates. Some examples of the lignin precursors isolated were 

vanillin , syringaldchyde and p.hydroxybenzoic acid8.9. The 'weak acid' fraction also 

contained phenolic compounds linked to carbohydrates and on acid hydrolysis, 

compounds such as vanill ic ac id, syringic acid and p·hydroxybenzoie acid were 

identified8.9. The 'strong acid' fraction was found to con tain similar components on 

acid and alkaline hydrolysi s. This early work was based on paper chromatographic 

techn iques. 

More recently research has been carried out on lignosulphonates fomled from sulphi te 

pulping of softwood black spruce and hardwood poplar. Studies have shown these 

lignosulphonates to be either monomeric or disulphonic ac ids of lignin monomers lO. 

Examples include, methy l. t .( 4'.methoxyphenyl)·2·propene·l-sulpbonate, methyl· 1-

(3' ,4' -dimethoxypheny 1)·2.propene-l-su Iphonate, methyl·(3 .4·d imethox y )-benzoate 

1.2-disulphono-methyl·3-(3 ',4'-dimethoxyphenyl)-prop-2-cnc and 1,2-disulphono­

methy 1-1 -(3' ,4 '-dimethox yphenyl)-propane 10. 
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Studies on black liquor obta ined from a Eucalyptus g/obulus bleached Kraft pulp mill 

were carried out by separating the liquor into various fraction s! I. The aromatic acid 

fraction was found to contain syringaldehyde as the major component and other 

compounds include syringol , acetosyri ngone, and aspidinol l !. The phenol ic 

compound fraction contained similar compounds as well as syr ingaresinol, 

acctovallinone and dehydrod iguaiacol. Syringaresinol was found to be the major 

component of the ether extract and other compounds identified were 4,4 '-dihydroxy-

3,3'-dimethoxy-stil bene, I, " -disyringyl-ethane, 2-syringyl-ethanol and 3-vanillyl­

propanolll . Xylose and galactose were also found to be the major carbohydrate 

components of th is sample of black liquor. 

7 



1.4 A BRIEF DESCRIPTION OF SAPPI SAICCOR'S PROCESS 

SAICCOR (formerly South African Industrial Cellulose Corporation) is situated 

approximately 50 km south of Durban near Umkomaas. It was originally set up in 

1952 by Courtaulds (UK), Snia Viscosa (Italy) and the Industrial Development 

Corporation (SA) to supply dissolving pulp to Courtaulds' viscose rayon fibre and 

cellophane film processes", In September 1988, SA ICCOR was acquired by SAPPI 

and is now one of the leading manufacturers of dissolving pulp and the only one on 

the African continent, It has the capacity to produce 600 000 tons of high grade 

dissolving pulp per year and almost 100 % of this is exported, their largest customer 

being the viscose industry. 

SAICCOR is one of the rew paper and pulp mills that use the acid sulphite process 

with calcium (Ca) and magnesium (Mg) as bases. The process begins with chipping 

of the wood (Figure I), mainly Eucalyptus grandis and Acacia mearnsii in the ratio 

90: I 0, Approximately 5300 tJday is processed"", SAICCOR was also the first 

company to produce dissolving pulp from Euca/yplus I2 . 

FIGURE I: Wood chipping 

(photograph courtesy of Sappi Saiccor's brochure) 

The chips are cooked with calcium bisulphite or magnesium bisulphite (recent plant 

built with new technology) at 1400 C and 10 bar12, The calcium bisulphite and 
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magnesium bisulphite are obtained on si te by reacting MgO and CaC03 with sulphur 

dioxide as shown in Scheme 3. 

MgO Mg(HS031 
(Mg bisulphite) 

+ S02 .. + free S02 

CaC03 
Ca(HS03)2 

(Ca bisulphite) 

SCHEME 3: Rcaction of MgO and CaCO, to produce Mg bisulphite and Ca 

bisuJphite 

Batch cooking of the wood chips occurs in large digesters (Figure 2), fifteen of which 

use calcium bisulphite and eight use magnesium bisulphite. The magnesium pulp 

section operates as a closed cycle where the magnesium effluent is burned to produce 

eneq,ry resulting in the almost complete recovery of magnesium oxide. The only 

waste going to the effiuent stream is the condensate fonned during evaporation of the 

thin liquor. 

FIGURE 2: Cooking of wood chips in a digester 

(photograph courtesy of Sappi Saiccor's brochure) 
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The calcium - based section produces a large proportion of the total effluent in the 

form of spent liquor, which conta ins approximatety 16 % total dissolved solids J
• At 

present approx imately 31 % of the calcium - spent liquor is pumped to Lignolech, a 

subsidiary of SAICCOR, where the lignosulphonates are removed for commercial 

purposes and the remaining emuent goes to the main emuent drainJ
• 

The individual calcium and magnes ium - based pulps are washed and screened and 

the two pulps arc combined and passed through a five - stage bleaching process, 

which is elemental chlorine frce (ECF). The introduct ion of ECF bleaching has 

resu lted in reduced levels of resin in the mi ll 's pulp and this has had a sign ificant 

impact on the downstream manufacturing of products made from SAICCOR's 

dissolving pulp. 

The first stage in bleaching, stage 0, uses oxygen and NaOH, which removes some 

hemicellulose and low molecular weight ce ll ulose. The DJ stage uses CI0 2 which 

so lubil ises the remaining lignin for the next stage. The E stage uses NaOH to dissolve 

the lign in. The D2 stage uses CI0 2 10 whiten the pulp and break down any remaining 

lign in res iducs. The final stage is the H stage, which uses NaOCI 10 further whiten 

the pulp and chemica ll y alter the molecular size of the cellulose12
. 

The fi nal stage is the only stage that uses pure water - the other stages use water that 

is recycled counter - current t. The 0 and E stage washi ngs are the remai ni ng two 

contributors to the final emuent. 

After the bleaching stage the pulp is screened to remove any non - cellu lose matter 

and thereafter dri ed as a continuous sheet, which is cut and baled or reeled. 

SA ICCOR produces approximately 1600 tlday of dissolving pulp, which is converted 

into various products such as ce llophane (F igure 4) , acetate, viscose fibres (F igure 3), 

etcJ2. 

t Pure water is defined as fresh water that has been softened. 
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FIGURE 3: Viscose fibres FIGURE 4: Cellophane wrapping 

(photographs courtesy of Sappi Saiccor's brochure) 

The four main streams of effiuent, that is, the magnesium pulp condensate, the 

calcium - spent liquor and the 0 and E stages, combine to form the main effluent. 

This deep red coloured effluent is accwnulated in a holding pond, from where it IS 

pumped out to sea through a 7 km pipeline at an approximate pH of 3. 
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CHAPTER 2: CLASSES OF COMPOUNDS ISOLATED AND 

IDENTIFIED FROM SAI'PI SAICCOR'S EFFLUENT 

A number of compounds belonging to a variety of different classes have been isolated 

from the four different streams of effluent. Compounds, such as, lignans and l ignin 

precursors, fatty acids, trilcrpenoids and sugars have been iden tified and will be 

rev iewed in this chapter. 

2.1 LIGNIN 

2. 1.1 General 

The cell wall of wood fibres is made up of a number of layers, namely, the middle 

lamella (ML), the primary wall (P), the secondary wall (SI.2 and 3) and the inner warty 

layer (W) (Figure 5)la. The middle lamella is found between the cells and is 

essent ially the glue that holds the ce ll s together. The primary layer is the first layer 

that is formed during cell development. 11 is a th in layer consisting of cellu lose, 

hemicellulose, pectin and protein embedded between Jignin la
. The middle lamella 

together with the primary wall is known as the compound middle lamella and contains 

a large proportion of lignin. The secondary wall is made up of thin outer (SI) and 

inner (S)) layers and a thi ck middle layer (S2), all of which contain lignin and 

hemicellulose. The inner warty layer is a thin, amorphous layer with wart - like 

depos its. 

The wood cell is mainly made up of ce llulose, hemicellulose and lignin. The 

cellulose is essentially the skeleton, which is su rrounded by the hemicellulose matrix 

and lignin. 

The mam aIm of the acid su lphite process is la remove as much of the lignin as 

possible leaving only the cellulose. The calcium - spent liquor thus contains a large 

proport ion of lign in and thus lignin deserves further di scuss ion. 
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FIGURE 5: Simplified structure of a woody ceU 1a 

Lignins are an essential component of all plants and trees and make-up about 20 % -

40 % by mass. They are the second most abundant biopolymers in nature, after 

cellulose, and are one of the 1110st difficult materials to study. The fun ct ion of lignin 

is to transport water, nutrients and metabolitcs to other parts of the plant and to give 

rigidity to the ce ll wa lls by o ffering permanent bonding between ce lls resulting in a 

structure that is resistant towards impact, compression and bending2
. They also offer 

res istance to attacks by microorganisms2
• 

2.1.2 Biosynthesis of lignins 

Lignins are polymeric natural products based on C6 - Cl building blocks and they arise 

from primary precursors derived from L - phenylalanine. In plants, the first step is the 

elimination of ammonia from the side - chain to produce the appropriate trans -

cinnamic acidJa
. This is achieved via the enzyme phenylalanine ammonia lyase 

(PAL). Other fonn s of cinnamic acid are fonned by further hydroxylation and 

methylat ion reactions thus building up substitution patterns typical of the shikimate 

pathway, i.e. an ortho oxygenation patternla (Scheme 4). 

Lignins are able to grow into large and rather complex macromolecules by phenolic 

oxidative coupling of suitable C6 - Cl monomers via the fonnation of phenoxy 
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radicals. The most importan t of these monomers are 4-hydroxycinnamyl (p-

coumaryl) alcohol, coniferyl alcohol and sinapyl alcohol. The phenoxy radicals give 

various resonance fonns and pai ring between them produces dimers, such as 

guaiacy lglycerol J3 -coniferyl ether, dehydrodiconiferyl alcohol and pinoresinol that 

can undergo further react ions to produce a lignin polymer. Scheme 5 shows the 

biosynthesis of one possible combination to fonn guaiacylglycerol. 

P 

'" 
L_l'he 

0 211 )°2
11 

NH 2 

0 • 

cinrlamic acid 

J 
O 2/1 

OH OH 

whcrc, L-Phc '" L-phcny!a!aninc 

a l ii 

SAM . 

M, 

NAOI'II - nicotinamidc adenine dinucleotide 
phosphate 

SAM .. S.adcnosy!mcthioninc 

OH 
4-collmarlc add caffeic add re rulic acid 5-hydroxyrerulic acid sinapic acid 

(p-colllllaric add ) 

OH 
4· hydro xycln nam y l a lcohol 
(p-COllll1afyl alcohol) 

M, 

LI GNA NS 

J 

0 11 

conlferyl a lcohol 

I 
POLYM ERS 
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M, OM, 

OH 

s lnap y l alco hol 

LIGNIN 

SCHEME 4: Shikimate pathway showing the formation of lignin precursorsJa 
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SCHEME 5: Biosynthesis of guaiacylglyccroe~ 

Since the 1950s, it was believed that the coupling between phenoxy radicals was 

completely random requiring no enzymes or proteins. But in recent years a group of 

researchers have put forth a new proposal that the process is, in fact , fully controlled 
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by proteins4
. Norman G. Lewis, Laurence B. Davin and Simo Sarkanen isolated a 

protein that had 110 cataly ti c activity but has si tes that bind either the monomers or the 

monomer radicals in specific orienlations thal lead 10 selecti ve couplings. 6. They 

called it a 'dirigcl1t' protein, which means to gu ide or align. They next proposed that 

these dirigent proteins are also involved in the specificity observed during 

lignification. At the start of lign ifieation, lignin precursors move to the furthest ends 

o f the cell wall 10 precise lignin initiation si tes. The dirigent proteins are thought to 

con trol which monomer and the type of linkage that will be incorporated into the 

lignin polymer, by controlling the phenoxy - radical coupl ing processes6
.'. Once a 

primary lignin chain has formed. template polymerisa ti on occurs, starting at these 

siles and working its way back towards the plasma membrane'. 

However, thi s new model has received widespread cri ticism and much more 

experimental evidence needs to be presented before it is widely accepted'. 

2.1.3 The uses of lignins and Iignans 

Lignans have been found to have a variety of uses particularly in human health and 

are under review for a wide range of properties, including cardioprotective, anti viral, 

antibacterial , anti fungal and anticancer benefits. 

Investigations into the biological activity of lignans have led sc ientists to believe that 

lignans interfere wi th oestrogen metaboli sm and may have significant use in reducing 

hormone dependant cancers, such as breast, endometrium and prostate cancers6
• 8. 

This oestrogenic effect of lignans has also been found to prevent bone resorption and 

promote increa~ed bone density, thus preventing the start of osteoporosis. 

Podophyllotoxin, a lignan from the mayappJe is used to treat venereal warts and is a 

precursor to the cancer drug etoposide which is used to treat testicular cancer 4, 6. 8. 

Lignans have also been tested for cardioprotective benefits and the lignan, 

cinnamophilin, is currently being studied fo r its ability to reduce platelet aggregat ion 

and vasoconstriction9
. to. 
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Lignans. such as sesamin from the sesame plant have been found to disp lay 

antiox ida nt act ivity. 

9H 

<~ 
CHP~OCH3 

OCH) 

Podoph yllotoxin 

o 

.. , .. ",'CHJ 

H CH, 

OH 

Cinnamophilin 

Etoposide 

O~ 

0,6/ 
", 

La 
Scsamin 

FIG URE 6: Structures of biologica lly important lignans and the cancer drug 

etoposide 
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2.2 LlCNOSULPHONATES 

2.2.1 General 

Natural lignin is hydrop hobic (non - wctlable) and thus insoluble in water but when it 

is exposed to the conditions of ac id bisulphite pulp ing it fonns lignosulphonates with 

complete ly different properties. The introduction of sulphonic ac id groups to the 

phenyl - propane structure converts th is inactive compound to a strong anionic ion 

exchange complex which is now very hydrophilic (weltable) ! 1. 

2.2.2 The synthesis of lignosulphonates 

During lignin sulphonation, th ree major reactions proceed, that is, su lphonalion, 

hydrolysis and condensation. The reactive site for the fennation of lignosulphonates 

is the alpha - carbon position in the phenyl propane unit and is rendered active by the 

fonnat ion of quinone met hide structures (benzyl ium ions)11. These structures are 

sulphonated by attack by hydrated S02 or HS03• present in the cooking liquor 

resulting in lignin that is soluble in the aqueous liquor. The less act ive beta - carbon 

position is usually involved in beta - phenolic ether linkages and can be sulphonated 

after oxygen cleavage in neutral and slightly alkaline media. This type of 

sulphonation is generally accelerated by sulphonation at the adjacent alpha - carbon 

position. 

19 



-I 
Hi-OR' 

H -OR 

OH 

T 
Hi-OR' 

" '" 

01-1 

+ H(!> 

1 • 
-ROH 
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Condensation reactions compete with suiphonation , particularly al low pH values. 

Scheme 7 shows the carbon · carbon bonds that fonn between bcnzyl ium ions and 

weak ly nucleophilic positions of other phenylpropane units. The resulting compounds 

have a higher molar mass and a lower sOlubility in the aqueous liquor12a
, 
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OH 

SCHEME 7: Typical condensat ion reactions that compete with sulphonation1b 
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Sulphonation can occur over the whole pi-I range but tends to decrease rapidly 

towards the strongly alkaline range. The sulphonated complex often carries an 

equivalent amount of positive base ions with it (for example, Ca++, Mg++) in order to 

satisfy e1ectroneutrality , When the water is removed from such a structure the 

positive base ion joins the negative macro ion to fonn a lignosulphonate sa lt 11 , 

2.2.3 T he uses of lignosu lphonates 

Lignosulphonates have, for many yea rs, been used in a wide variety of app lications. 

Their early use was in the leather tann ing industry where they were used as a tanning 

agent in combination with chrome tanning agents. They also found their use as an ore 

binder and as protective collo ids fo r preventing scale formation in steam bo iler and 

r d I' 13a lee me systems . 

The dispersive properties of lignosulphonates have made them suitable for use in oil 

well - drilling muds where they are able to maintain good flow properties as we ll as 

being stable enough to allow drilling at high temperatures. They are used as a 

di spersant in ceram ics, clays, pigments and insec ticides. 

Lignosulphonates have also been found to be useful as concrete add itives when 

mixing cements. Their use as an additive results in a lower amount of water be ing 

required to obtain the desired flu idi ty of the concrete, thus increasing its compressive 

strength, density and uniformityl3a, 14. They are used as grinding aids for cements 

where the ir function is to reduce the agg lomeration of the ground particles and to keep 

the equipment surfaces clean and free. 

Sinee the 19205, lignosulphonates have been sprayed on roads to produce a hard 

durable surface and to hold down dust. The dispersing and binding action of the 

lignosulphonates tend to fonn an impermeable layer with the natural c lays in the soil , 

keeping the road free of surface water2
.

14
. IS. In addi tion, lignosulphonates have also 

been used as binders, in pe ll ets for ani mal feed products, coal and charcoal 

b . " nquettes , 
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2.3 EXTRACTIVES 

The tenn 'cxtractives' is broadly used to describe compounds either soluble in organic 

solvents (lipophilic), such as dichloromelhane, hexane, toluene, etc, or compounds 

that are sol uble in water (hydrophil ic). The tcml "wood res in" genera lly refers to the 

lipoph ilic ex tract ives and are made lip of resin acids and diterpenoids present in the 

resin canals of softwoods and fats and steryl esters present in parenchyma cells that 

occur in both sofiwoods and hardwoods l2b
. 16. The main functio n of resin ac ids is to 

protect the wood against microbiological damage or insect attacks and the fats and 

steryl esters serve as an energy source for the wood cells' biological functions. The 

wood resin content differs between species as well as between changes in climates. A 

large amount of triterpenes has been detected in resins from tropical trees. These 

together wi th some stero ids may survive the pUlpi ng process and are on ly removed 

d . bl I' Db lIflng eac llllg . 

The resin content of trees decreases immediate ly after they are felled and even more 

when they are stored as wood chips as compared to logs. This process is ini tiated by 

exposure to air, which affects the carbon - ca rbon double bonds and generates free 

radicals that are strong oxidants. It is for this reason that the wood is sto red as wood 

h· d' . I bl ' d· I ' 12b Db C lpS so as to re uce PltC 1 pro ems unng pu pmg , . 

2.3.1 Triterpenoids 

2.3.1.1 General 

The terpenoids are a large and structurally diverse fam ily of natural products 

containing Cs isoprene units joined in a specific orientation. These units fonn the 

backbone 10 monoterpenes (C IO), diterpenes (C20), triterpenes (CJo) and tetraterpenes 

(C40) to name a few. Squalene, a C30 molecule, is based on thi s isoprene unit and is, 

in fact , a biosynthet ic precursor of triterpenes and steroids. 

Squalene was first iso lated from shark li ver and displays a tail - to - tail join in the 

centre of the molecu le as shown in Figure 7. 
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Squalene 

o 

FIGURE 7: Structures of squalene and squalene epoxide 

Steroids are modified triterpenoids containing a tetracyclic ring structure. The major 

animal sterol is cholesterol (C27), which is a precursor for many other steroidal 

compounds. The major plant sterols are campesterol and sitosterol, shown in Figure 

8, which conta in respecti vely 24-rnethyl and 24-ethyl substituents. 

HO 

C holcsterol 

flO 

C ampestcrol 

HO 
Silostcrol 

FIGURE 8: Structures of common triterpenoids, eg., cholesterol, campesterol 

and sitosterol 
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2.3.1.2 The biosynthesis of tritcrpenoids 

The biosynthesis of triterpenoids begins with the cyc li sation of squalene via the 

intennediate squalene epoxide and according to the Biogent ic Isoprene Rule, 

depending on the conformation it takes, forms either the an imal triterpenoid , 

lanosterol or the plant triterpenoid, cycloartenol3b
. c. 17. 

Protonat ion of the epoxide group opens the epox ide nng and forms a tertiary 

carbocation, which then undergoes a series of Wagner-MecJ"\Nein I ,2-sh ifts resulting 

in the fo rmat ion of a tertiary protosteryl carbocation. The H-9 proton then migrates to 

C-8 and the carbocation that forms is quenched by the format ion of a cyclopropane 

ring result ing from the loss of a proton from the methyl group at C- IO. This 

intermediate structure is that of cycloartcnol and methylation at C-24 leads to the 

forma tion of 24-methylenecycloartenol as shown in Scheme 9. 
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As mentioned earlier, sterols contain an additional methyl or ethyl group at C-24, 

which originates from S-adenosylmethionine (SAM). The double bond on the side 

chain undergoes methylation to fonn 24-methylenecycloartenol. A series of 

carbocation structures fonn, that eventually undergo allylic isomerisation and together 

with the simultaneous ring opening of the cyclopropane ring, produce the desired 

sterols3c
. 17. Scheme 10 shows the detailed methylation of the side chain and the 

migration of the double bond. 
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where, SAM = S-adcnosylmcthioninc 
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dinucleotide phosphate 
\V-M = Wagner-Meerwein 

SCHEME 10: Mechanism showing the alkylation ofC-243~ 

2.3.1.3 The uses of sterols 

Research into the biological importance of sterols began in the 1930s in Gennany and 

was later studied everywhere. D.W. Petersen from the University of California was 

the first to show that phytosterols actually block the absorption of cholesterol in 
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humans '9. Since then, much work has been carried out on sterol s with over one 

hundred published studies all attesting to the benefits of these compounds. 

Studies have shown that phytosterols, and in particular p-sitosterol, st igmastero l and 

campesterol offer protect ion against high. fat foods by combining with cholesterol in 

the intestine, forming a crysta lline matrix which cannot be absorbed. This matrix is 

then excreted by the bod/9
. 

In addi tion , these compounds have been reported to be successful in treating prostate 

problems (benign prostalic hypellJlasia)2o, Recent research has a lso branched out into 

illvestigating the effects of phytosterols on other diseases such as turnors in the colon, 

tuberculos is, some cancers, coronary disease, and even HIV and AIDS. 
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2.3.2 Fatty Acids 

2.3.2.1 General 

Aliphatic extract ives are made lip of a lkanes, fa tty alcohols, fa tty acids, fats and 

waxes. Fatty acids are composed of satu rated and unsaturated compounds and a large 

proportion are found bound to triglycerides lc
. IZb. They are genera lly straight - chain 

structures con taining an even number of carbon atoms though odd numbered straight 

chain acids arc found in nature, particularly in marine organisms and bacteria 21a
• 

Branched - chain fatty ac ids are mainly found in microorganisms. 

2.3.2.2 T he biosynthesis of fatty acids 

The fatty acids are part of the group of natural products called polyket ides. These 

compounds were initially thought to fonn via a series of Claisen condensation 

reactions, the reverse of the p-oxidation reactions involved in the metabol ism of fatty 

acids. However, further studies in thi s field revealed a more complex system of 

reactions involving the carboxylation of acetyl-CoA to malonyl using ATP, CO2 and 

the coenzyme, biotinJd (Scheme I 1). 
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SCHEME 11: Carboxylat ion of acetyl-CoA to malonyl_CoAJd 
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Plants and bacteri a use a number of separate enzymes during the biosynthes is of fatty 

acids. Acetyl-CoA and malonyl-CoA are first converted into thiol esters with an 

attached acy l ca rrier prote in (ACP). The Claisen reaction converts the ester into an 

acetoacety l-ACP, which is then reduced to the corresponding p-hydroxy ester using 

NAO PH . Water is eliminated to give the E (Iralls)-a,p-u nsalUrated ester and the 

doub le bond is thereafter reduced to give a saturated acyl-ACP which has two 

additional carbons compared lo the starti ng materiaL The fatty acyl-ACP can then go 

back into the react ion sequence and repeat the series of reductions and dehydrations, 

adding on two carbons per cycle until the required length has been reachedld.2 18. 

CO, H 
I 

acyl carrier 
protein (ACI') 

~ 

CO,H 
I 

CH3CO - SCoA 

acetyl-COA 

CH,CO - SCoA 

malonyl-CoA 

CH,CO - S - ACP 

malonyl-ACP 

Claisen 
reaction 

, 
RCH,CO - S - ACP 

acyl-ACP 
H_ ••. / OH 
/'-CH,CO - S - ACP 

RCH, 

NADPH -- RCH,COCH,CO - S - ACP • 
p-hydroxyacyl-ACP 

dehydration 1-H,O 

~CO -S- ACP 
RCH, 

cx,p-unsnturatcd aeyl-ACP 

where, NADPH = nicotinamide adenine 
dinucleotide phosphate 

P- kcto acyl-ACP 
each turn of the cycle 
extends the chain length 
of the acyl-ACP by two 
carbons 

NA DPI-l • RCH,CH2CH2CO . S - ACP 
reduction or double 
bond fatty acyl-ACP 

HSCoA / \. hydrolysis 

~HP 

RCH2CI-I ,CH,CO - SCOA 

fatty acid 

SCHEME 12: Biosynthesis of fatty acids from mnlonyl_CoA1d
,2h 
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2.3.2.3 T he uses of fatt y ac ids 

Fatty ac ids have fou nd a wide variety of uses ranging from an addi tive in the pa int 

and pri nt ing inks industry la a start ing material in the soap industry. In a lka line 

pU lping ractories the fatty acids and resins are ex tracted from the waste liquor as 

crude tall oil by adding sulphuric acid l3a
. T his crude ta ll o il can be fractionated into a 

number of useful products, namely, light oil , fauy acids, ros in and pitch residue. 

Ligllt oil s are lI sed as rust protect ion or tor combust ion. Fatty acids are used in paints, 

soaps, lubrican ts and as a flotation agent. Rosin is used in alkyd resins, pri nting inks , 

adhesives and emuls ifie rs, and pitch res idue is used in oil - well drilling muds, in 

printing ink pitch and as an asphalt addi tive. Many of the fatty acids, such as, 

myristic acid, palmit ic acid and lauric ac id have also found appl ications in the 

cosmetic industry in creams and lotions. 

In addi tion, it has been reported that complexing palmit ic acid wi th insulin , ex tends 

the time action uf human insulin on diabet ic dogs22
. These favourable resu lts have 

shown that the insulin - palmitic ac id complex ean be used 10 increase safety during 

in tensive insul in therapy, but more clinical tria ls inVO lving humans need to be carried 

out. 
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2.4 CARBOHYDRATES 

2.4.1 General 

Carbohydrates are an important group of natural products and are extremely abundant in 

plants. They give structure to plants, flowers, vegetables and trees but in addition to this, 

they function as energy - storage systems which can be broken down into water, carbon 

dioxide and heat or other energy23. They also serve as the building blocks for fats and 

nucleic acids. The term 'carbohydrate' originated from the molecular formulae of the 

simple sugars Cn(HZO)lh which suggests the 'hydrate ofcarbon,2Ib. 

Monosaccharides are the simplest type of carbohydrates and an example is glucose, 

which is onc saccharide unit. The most common rnonosaccharides found in nature are 

the six - carbon sugars (hexoscs) and the five - carbon sugars (pentoses). Linking a few 

monosaccharide units (typically two - five monomers) together forms an oligosaccharide. 

An example is maltose, a disaccharide formed by linking two saccharide molecules 

together. Long polymers of monosaccharides are called polysaccharides. An example is 

the starch amylose. 

CHO 
I 

H- C- OH 
I 

HO-C- H 
I 

H- C- OH 
I 

H- C- OH 
I 
CH20 H 

D-glucose 

CH20n 

1-1 01-1 

-.1"" 
m~ bH ~

CH'~"Oll 
OH 

H 
H H 

maltose 

FIGURE 9: Structures of a common monosaccharide and disaccharide 
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2.4.2 The biosynthesis of carbohydrates 

Carbohydrates are the first products fonned during photosynthesis and are used by the 

plant to synthesise its own food reserves as well as other chemical constituents. This 

thereafter becomes a source of food for other organisms. 

Initially the three carbon sugar 3-phosphoglyceraldehyde fonns and follows through the 

Calvin cycle to produce the pentoses, namely, D-ribose 5-phosphate, D-ribulose 5-

phosphate and D-xylulose 5-phosphate'O (Scheme 13). 

mo 
Photosynthesis • H+OH 

CH20P 

O-3-phosphoglyccraldehyde 

Calvin ~ cycle 

I I 
HO tJi,OH H20H 

H OH pO pO 

H OH • 
. H OH . H~ OH 

• 
H OH H OH H OH 

CH20P CH20P CH20 P 

D-ribosc S-P D-ribulose S-P D-xylulose S-P 

SCHEME 13: Formation of pcntoses3 

Ribulose-l ,5-diphosphate is converted into glucose via a series of steps involving the 

fonnation of an intermediate which converts into two molecules of 3-phosphoglycerate. 

Phosphorylation with ATP converts this to 3-phosphoglyceryl phosphate and reduction 

with NADPH yields the aldehyde. Rearrangement and an aldol condensation produces 

D-fructose-l,6-diphosphate. A further series of phosphate hydrolyses produces D­

glucose3e, 21b. This is represented in Scheme 14 on page 33. 
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com mon Dlhydrny.celont: 
enol phosphue 

! Aldolase 

T
H20P 

C=O 
I 

HO-'1-H 

H-'i-OH 

H-C-OH 
I 

CH20P 
D-Fructose-I,6-dlphosphale 

where, NAD PH - niCOlinamide 
adenine dinucleotide 
phosphate 

ATP . adenosi ne ";"h,,,,,h",11 

SCHEME 14: Conversion of ribulose-1,5-diphosphate to glucose1lb 
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Glucose formed from D-ribulose-l,5-diphosphate is used to form other hcxoscs. Glucose 

and ribose are the most important simple sugars with glucose being the monomeric unit 

in many polysaccharides, for example, cellulose, starch and glycogen. 

Oligosaccharides are formed by first binding a nucleoside diphosphate, such as, uridine 

diphosphate (UDP) to a monomerJe
, 21b. Nucleophilic displacement of the UDP leaving 

group by another sugar molecule results in the formation of a disaccharide. A typical 

example is the formation of lactose from galactose and glucose. 

H 
1-", 

Q 

OH 
0 

0 I OH 
H H HO 

HO 
(O-UDP 

1 
H OH 

H 

OH 

HO 

lac(ose 

D-Gal(p .... 4)O-GIc 

SCHEME IS: Formation of lactose from galactose and glucose3
t,21b 

Polysaccharides are made up of many monomer units and those that are naturally 

occurring, are joined by hemiacetal linkages. The biosynthesis is similar to that 

described for the fomlation of oligosaccharides. Polysaccharides may be linear, such as 

amylose, which can contain up to two thousand glucopyranose units, or linear with 

branches, such as amylopectin which has a.l ~6 linkages at about every 20 units in 

addition to the usual a.1~4linkages3e. 
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amylose 

amylopectin 

FIGURE 10: Structures of linear and branched polysaccharides 

One of the most widespread occurrences of polysaccharides in animals is in chitin found 

in crustaceans. The strength and rigidity of the hard shell is derived from hydrogen 

bonds between adjacent molecules3e
• Bacterial cell walls also contain a type of 

polysaccharide that is cross - linked with polypeptides and many antibiotics contain 

carbohydrate moieties that play an important role in optimising their antibacterial 
. . 24 

activIty . 

However, cellulose is by far the most abundant organic material on earth and is the main 

structural constituent in plants. It may contain up to eight thousand glucopyranose units 

linked p 1---?4 in a linear chain joined together with glycosidic bonds3e
, Cellulose has 

very strong fibres resulting from intra - and intennolecular hydrogen bonds between 

adjacent molecules Id. 12b. It is these bonds that are responsible for the properties of 

cellulose. such as high tensile strength and insolubility in most solvents. 
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FIGURE 11: Structures of some common naturally occurring polysaccharides 

In addit ion to cellu lose, another importanl polysaccharide is hemicellulose. It differs 

from cellulose in that it contains shorter molecular chains and different branching of the 

chain moleculcs I3c.:. The main constituents of hemicellulose are g iucol11annan and xylan 

shown in Figure 12 and its percentage composition differs between sofiwoods and 

hardwoods12b
. Softwoods have a high proportion of mannose, in the [ann of gal acto­

glucomannan units, and more galactose uni ts than hardwoods13c
• Hardwoods contain a 

larger amount of xylose units (glucuronoxylan) and acetyl groups than so ftwoods 13c. 

--- 4 )- ~ - 0 - G Icp-( 1- 4 )- ~ - 0 - M a np - ( 1--4 ) -~ - 0 - M a np -( I --

G lu ro m an n an 

--4 )-p - 0 -X 'i Ip - ( I -E- 4 )- p - D -X 'i Ip-( 1"3-:-4 )- p -0 -X 'i Ip - ( I -

/:' ' 2 

t 
~ 

4 -0- M e-o.- D -G Icp U 

G lucuron oly lan 

FIGURE 12: Partial chemical structure of glucomannan and xylan from hardwoods 
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2.4.3 The uses of carbohydrates 

Carbohydrates are used in a variety of app lications. In the monosaccharide group, 

glucose is the most com mon molecu le and is used as a nutrient. D-fructose and 0 -

sorbitol are llsed as food sweetcncrs by diabctic patients)c. 2). Many pulping mills further 

ut ilise glucose from their spent liquors to produce ethanol, fodder yeast, organic acids, 

alcohols and acetone by a femlentation process. It has been reported that hexoses are 

suitable for industrial scale fenncntation into ethanol and both hexoses and pentoses, can 

be used to produce yeast and protein respectivelyl3a. Furfural can also be produced from 

xylose via hydrolysis and acid catalysed dehydrogenation l33
. 

Sucrose, a disaccharide, is used as a sweetening agent for foods and drug preparations 

and lactose is used as a diluent in tablets)!:. 

Polysaccharidcs arc widely used in the medicinal and pharmaceutical fie lds. Starch is 

used extensively in the food industry and its absorbent properties make it ideal for use as 

dusting powders. However, cellulose and its derivatives arc the most widely used 

polysaceharides. A large proport ion of SA ICCOR's cellulose is exported, and then used 

to manufacture viscose fibres , cellophane, acetates, erc2S
. The cellulose derivatives also 

find thei r use in the pharmaceutical industry. Hcmiccllulose found in spent liquor may be 

hydrolysed to its J11onoJ11crie unit, glucose, which can thereafter be fermented to produce 

the products mentioned above. 
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CHAPTER 3: RESULTS AND DISCUSSION 

The four streams of eroucnt, namely, calcium - spent liquor, magnesium condensate, 02-

stage bleaching stream and E2 - stage bleaching stream were individually subjected to 

chlorofoml extraction to remove the organic components. Only the calcium - spent 

liquor and magnesium condensate organic extracts were neutralised with a sodium 

bicarbonate solution and thereafter the organic extracts from all four emucnt streams 

were passed through individual silica gel gravity columns. Varying combinations of 

solvents in a stepwise gradient were used to elute a variety of compounds and NMR, 

infrared spectroscopy and gas chromatography/mass spectrometry (GefMS) were used to 

dctenninc the structures oflhese compounds, which will be discussed in this chapter. 

3.1 ANALYSIS OF THE CALCIUM-SPENT LIQUOR EFFLUENT 

The following compounds were isolated and identified from the organic extract of the 

calcium - spent liquor: - two isomers of syringaresinol; 3-(4'-hydroxy-3',5'­

dimethoxyphenyl)-prop-l-ene; 2,6-dimethoxy-l,4-benzoquinone; 3-( 4'-hydroxy-3',5'­

dimethoxyphenyl)-I-hydroxy-propan-2-one and syringaldehyde. A residue was filtered 

off from the calcium - spent liquor and identified using X - ray diffraction and a 

lignosulphonate extraction was attempted. A waxy substance was obtained from the 

gases that collect from the evaporation process and identified as a mixture of fatty acids 

and their derivatives using GC/MS analysis. The carbohydrate content was also 

determined using UV/visible spectroscopy. 
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3.1.1 Structural elucidation of compound 1, meso - syringaresinol 

B)CO 

OCH ) 
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30 6 bJ."" 
" ' 

2 I"" 
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9' 

H 

OCH) 

0 4' 
H 2' 

3' OH 

CH) 

FIGURE 13: Structure of compound 1, syringaresinol 

The infrared spectrum of compound I (Spectrum I) shows a broad band at 3420 cm-I 

indicative of a hydroxyl substituent. The sharp peaks at 2932 cm-! and 2851 cm-! are 

lypical ofC-H stretch ing, the sharp peak at 1116 cm' ! is typical ofC-O stretching and the 

peaks at 1624 cm-1 and 1518 cm-! correspond to C=C stretching in an aromat ic ring. The 

peak between 1350 cm- 1 and 1300 cm-! indicates syr ingyJ breathing1
. 

Analysis of the mass spectrum (Spectrum 2), shows a mo.lecular ion peak at mlz 41 8, 

which is, in fact, twice that of a lignin monomcr and thus confirms a dimeric structure, 

namely, a lignan. The peak at mlz 210 corresponds to the splitting of the dimer and the 

base peak at mlz 181 suggests the fragmentation of an ethylene group from the propane 

side chain resulting in the formation of syringaldehyde2
• 

The I Hand 13C NMR spectra show only one half of the resonances expected and, 

therefore, the st ructure must be symmetrical. Thus the assignments of the structure of 

one half of the molecule based on NMR data will first be discussed, then the joining of 

the two parts of the molecule will follow . 

The ' H NMR spectrum (Spectrum 3) shows single strong pcaks at 0 6.56 ppm (2H, H-2, 

H-6) and cS 3.88 ppm (6H, 2 x OCH3) which arc typical of aromatic and mcthoxy proton 
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resonances respectively and indicative of a symmetrica l aromatic ring. The peak at 0 

3.07 ppm is due to the methine group proton at position 8 and the peaks at 8 4.26 ppm 

and 8 3.86 ppm arc due to the methylene group protons at position 9. The doublet at 8 

4.71 ppm (J = 4.03 Hz) corresponds to the methine proton at position 7. The resonances 

at Ii 3.86 ppm, Ii 4.26 ppm and Ii 4.71 ppm occur down field due to the deshielding effect 

of the elec tronegative oxygen atom attached to both groups. The peak at 8 5.48 ppm is 

due to the phenolic proton. 

The DC NMR spectrum (Spectrum 4) shows an intense peak at 0 56.4 ppm, which is 

characteristic of a methoxy group carbon resonance. The peak at 0 54.4 ppm corresponds 

to the mcthine carbon at posit ion 8. The oxygenated methinc and methylene group 

carbons at positions 7 and 9 are depicted by the peaks at 0 86. 1 ppm and 0 71.9 ppm 

respectivel y. These peaks again occur down field due to the attached electronegative 

oxygen atom. The other sharp, distinct peak at 8 102.7 ppm is characteristic of the two 

protonated carbons (C-2, C-6) of the aromatic ri ng. The remaini ng peaks in the aromatic 

region of the spectrum are due to the fully substitutcd carbons on the aromatic ring. 

The HMBC NMR spectrum (Spectrum 5) was used to confirm the above assignments and 

to assign the carbon resonances of the aromatic ring. The carbon peak at 0 147.2 ppm 

shows strong correlations to the methoxy and aromatic protons and can therefore be 

assigned to C-3 and C-5 where the methoxy groups are attached. The carbon peak at 0 

134.3 ppm shows a strong j J correlation to the aromat ic protons and can be ascribed to C-

4. A weak correlation, resulting from a weak 2) correlation, is seen from the carbon at 0 

132. I ppm to the proton at C-7 and can thus be assigned to C-J . 

The COSY spectrum (Spectrum 6) shows a correlation from the aromatic protons to the 

protons of the methoxy groups. This confimls that the aromat ic protons are adjacent to 

the methoxy groups on the aromatic ring as shown in Figure 14. The COSY spectrum 

also shows a strong correlat ion frol11 the methine proton at position 8 to the protons of 

both the oxygenated methine (H-7) and methylene groups (2H-9). This confinns that the 
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methine group at position 8 is, in fact , between the methine and methylene groups at 

positions 7 and 9 respectively. There is also a COSY correlation between the two non­

equivalent methylene protons at C-9. Figure 14 shows the relevant COSY correlations. 

FIGURE 14: COSY correlations of compound I 

The relative stereochemistry of this half of the molecule could be detennined from the 

NOESY spectrum (Figure 15) (Spectrum 7), which shows strong correlations between the 

aromatic protons (H-2, H-6) and H-7, H-8 and one of the methylene protons. A strong 

correlation is seen between H-7 and one of the methylene group protons (H-9P) and is 

given a relative stereochemistry of p. A weak correlation is seen between H-7 and the 

proton at C-S. This suggests that H-S is Irons to H-7J3 and is given the relative 

stereochemistry of a. The other methylene proton (0 4.26 ppm), shows correlations to 

the proton at C-8 and the first methylene proton, and could therefore be placed at H-9a. 

The H-9P resonance shows a strong NOESY correlation to H-9a and H-7. Thus H-7 is 

assigned the p stereochemistry and H-S is in the a. position. 

HO 

H,C 
H 

H o 
FIGURE IS: NOESY correlations of compound I 
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From this, the stereochemistry at C-7 can be assigned as S and at C-8 as R. As the 

molecule is symmetrical, a second identical half was attached to fonn the complete 

molecule. The optical rotation was very small (almost zero) suggesting the presence of a 

meso - compound. In comparison, the optical rotation for (+) syringaresinol is + 62.2° 

and (-) syringaresinol is - 5.20 
3. Thus the stereochem istry at C-7' was assigned a 

stereochemistry of R (the opposite of C-7) and C-8' was assigned a stereochemistry of S 

(the opposite ofe-8). 

Compound I is one of the major components of the calcium - spent liquor and has been 

identified as a lignan with a symmetrical structure known as meso - syringaresinol, which 

has not been reported previously. A !though syringaresinol has been reported to occur in 

sulphite pulping effluent streams, the exact stereoisomers isolated have not been 

specified. This isomer having [a]o = 0 is not given in the Dictionary of Natural Products 

although (+) and (-) syringarcsinol have been reported3. 

TABLE I: NMR data for compound I (300MHz, CDCI,) 

Position H C HMBC(C .... H) COSY NOESY 

I 132.1 H-7( J), H-2/6( J) 

2 6.56 102.7 H-7, H-6 OCH) H-7,H-S 

3 147.2 OCH" H-2( J) 

4 134.3 H-2/6 

5 147.2 OCH" H-6( 1) 

6 7.24 102.7 H-7, H-2 OCH3 H-7, H-S 

7 4.7ld (J~.03 Hz) 86. 1 H-9, H-8('1), H-2/6 H-S H-9P, H-2/6, H-S 

S 3.07 m 54.4 H-9,('J), H-7('J) H-7, H-9a1P H-2/6, H-7, H-9o. 

9a 4.26 m 71.8 H-7 H-S, H-9P H-9~, H-S 

9~ 3,SS 71.8 H-7 H-9o., H-8 H-9a, H-7 

OCH) 3.88 56.4 H-2, H-6 

OH 5.48 

Note: All HMBC correlations are 3J correlations unless otherwise stated. 
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3.1.2 Structural elucidation of compound 2, cpisyringarcsinol 

CH] 
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H]C 6' OCH] 
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FIGURE J6: Structure of compound 2, cpisyringaresinol 

Compound 2 is a stcreoi~omer of compound I in that it has the same molecular formula 

and structure but it has a different stereochemistry at the chiral centres. It was isolated as 

a mixture with syringaresinol (compound I) and it was not possible to obtain a pure 

sample of the compound. However, its structure was fully elucidated by the process of 

subtraction orthe peaks orthe known compound I, syringaresinol. 

The mass spectrum of compound 2 (Spectrum 8) shows a molecular ion peak at m/z 418, 

which is the same as that of syringaresinol and indicates that compound 2 is a structural 

isomer. Here aga in, the fragmentation pattern is similar to that of syringaresinol with the 

splitting of the dimer to form a monomer and the loss of an ethylene group to give the 

base peak at m/z 181 2. 

However, the] H and DC NMR spect ra display more peaks than that shown for compound 

I and this indicates that this compound is not symmetrical. 

The DC NMR spectrum (Spectrum 9) shows two methine carbon resonances at 0 50.4 

ppm and 5 54.9 ppm, two oxygenated methylene group carbons at 5 69.7 ppm and 5 71.0 

ppm and two oxygenated methine group carbons at cS 82.2 ppm and 8 88.0 ppm. Here 
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agall1, the oxygenated carbon resonances occur down field due to thc clectronegative 

oxygen atoms and the effect of the aromatic ring. Thc two strong, sharp peaks at 8 102.3 

ppm and cS 102.S ppm arc due to the protonatcd carbons on the aromatic rings. The 

intense peak at 8 56.6 ppm is characteristic of methoxy group carbon resonances. Both 

aromatic rings are symmetrical resulting in fewer carbons than expected in the DC NMR 

spectrum. The fully substituted carbons of the aromatic ring are shown between 8 129 

ppm 10 (5 147 ppm and are in the same positions as shown for compound one. This 

suggests that the aromatic rings ror compound 2 are the same as those of syringaresinol. 

The IH NMR spectrum of compound 2 (Spectrum 10) shows the typical strong peak at 8 

6.59 ppm for the aromatic proton resonanccs. The strong sharp peak at (5 3.S9 ppm is 

typical of methoxy group protons. The doublets at 5 4.84 ppm (J ~ 5.13 Hz) and 5 4.40 

ppm (J = 7.14 I-I z) correspond to oxygenated l11ethine group prolons that have shifted 

down field due to the deshie ldi ng effect or the electronegative oxygen atom and the 

aromat ic ring and maybe ascribed to 1-1 -7 and 1-1-7' respectively. The peaks at 8 2.S9 ppm 

and 8 3.32 ppm correspond to H-S' and H-S respectively. The peak at (54. \3 ppm is due 

to one of the oxygenated methylene protons at C-9', that has shifted down field. The 

coupling constant of 9.52 Hz indicates geminal coupling between the two methylene 

protons at C-9'. Two methylene proton resonances, due to one of the protons at C-9 and 

e-9' occur at (5 3.S5 ppm, hidden beneath the methoxy group proton resonance and the 

fourth methylene prolOn resonance is found at 8 3.31 ppm, hidden beneath the resonance 

of 1-1-8 . 

The relative stereochemistry of the two tetrahydrofuran rings cou ld be detennined from 

the NOESY NMR spectrum (Spectrum 11 ), which shows correlations between the 

aromati c protons and the benzylic protons at positions 7 and 7' as well as the protons of 

the rnethine groups at positions 8 and 8', Weak correlations to the protons of the 

methylene groups can also be observed. NOESY correlations are seen between the 

rnethine proton at C-7. assigned the relative stereochemistry of a., and one of the 

methylene protons at C-9' as well as the methine proton at C-S. This suggests that onc of 
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the protons at C-9' is on the same side of the molecule as H-7u, and can therefore be 

placed at position C-9'u. A coupling constant of 5.!3 Hz also suggests a cis 

configuration between the protons on C-7 and C-8. The methine proton at C-7' is seen to 

correlate to the methylene protons at H-9'J3 and H-9J3 suggesting that these protons are on 

the same side of the molecule. The C-7' proton does not show any correlations to any 

protons in the a. position, which confirms that it is in the J3 position. Figure 17 shows the 

relevant correlations as observed in the NOESY NMR spectrum and the stereochemistry 

could be assigned as 7S, 7'11, 8S, 8'S. 

C H, 

H 5 C~ H. 
¥ 

H,C 17 

H 

FIGURE 17: NOESY correlations of compound 2 

The HMBC NMR spectrum (Spectrum 12) confinned the structure of compound 2. 

Strong 3J correlations are observed between C-4, C-2, C-6, and C-7 and the aromatic 

protons (H-2 and H-6) as well as between C-4', C-2' C-6', and C-7' and the aromatic 

protons (H-2 and H-6). Coupling ('.I) can also be seen from C-3 and C-5 to the adjacent 

aromatic protons and from C-3' and C-5' to its adjacent aromatic protons. Weak coupling 

can be seen from C-I and C-l' to the adjacent aromatic protons. Figure 18 shows the 

HMBC correlations of compound 2. The correlations of the different systems are shown 

in different colours, that is, the correlations within the aromatic rings, within the 

tetrahydrofuran rings and between the aromatic rings and the tetrahydrofuran rings. 
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OH 

FIGURE 18: HMBC correlations (C~H) of compound 2 

Further strong 3J coupling is observed between the carbons at position 7' and 8' and the 

methylene protons at position 9 as shown in the figure below as well as between the C-7', 

C-7 and C-8 and Ihe prolons al C-9'. Table 2 contains the full set ofHMBC correlalions. 

The infrared spectrum (Spectrum 13) shows a broad band al 3420 cm-I, which is 

characteristic of the hydroxy suhstituent and the strong bands at 1221 cm·1 and I I 16 cm-I 

correspond to the C-O stretching. The peaks at approximately 1500 cm-I and 1600 cm-I 

correspond to C=C stretching of the aromatic ring and the peaks at 2947 cm-! and 2846 

cm- l are due to C-H stretching. 
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TABLE 2: NMR data for compound 2 (400MHz, CDCI,) 

Position H C HMBC (C .... H) NOESY 

1 129.6 H-7 ('.I), H-216 ( .I) 

2 6.58 102 .5 H-7, H-216 H-7, H-8, H-9aJ~ 

3 147. 1 OCH" H-216 ( .I) 

4 133.8 H-216 

5 147. 1 OCH" H-216 (.I) 

6 6.58 102.5 H-7. H·2/6 H-7, H-8, H-9a1p 

7 4.84 d (J~5. 1 3Hz) 82.4 H-9, H-9', H-2I6 H-9a, H-9'o., H-8, H-2/6 

8 3.32 50.4 H-9' H-2/6, 1-1-7. H-9a, H-9'(l, H-S ' 

9a 3.85 70.0 H-7 H-7, H-9P, H-8, H-8', H-216 

9p 3.3 1 70.0 H-7 H-9a. H-T, H-216 

l ' 132.3 H-2'16' ( .I) 

2' 6.58 103.0 H-7', H-216 H-7, H-8', H-9 'aJP 

3' 147.1 OCH,. H-216 ('.I) 

4' 5.48 134.5 H-2/6 

5' 147.1 OCH,. H-216 (' .I) 

6' 6.58 103.0 H-7', H-216 H-7', H-8', H-9'aJP 

7' 4.40 d (J-7.1 4Hz)· 88.2 H-9, H-9', H-2/6 H-9P, H-9 ' p, H-2'16' 

8' 2.89 54.9 H-9 H-8, H-9a, H-9'a. H-2'/6' 

9'a 3.85 71.2 H-7' H-8', H-8, H-9'p, H-7, H-2'16' 

9'p 4.13 d (_.52Hz) 7 1.2 H-7' H-9'a, H-T. H-2'/6' 

OCHJ 3.89 56.6 

OH 5.48 

Note: All HMBC correlations are 3J correlations unless otherwise stated . 

• A model of compound 2 together with the dihedral angle calculated using KarpJus 

equation showed that this value is predictable. 

Much research has been carried out on the stereochemistry of lignans and it has been 

found that the coupling constants cannot exclusively be used to dctcnnine the 

stcreochemistry4. Thus the advent of NOESY NMR spectroscopy has proved invaluable 

in the determination of relative stereochemistry. Previous studies have incorrectly 

assigned the low field benzylic proton as axials. However, further studies based on 
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various independent methods have shown that the benzylic proton in the high field region 

is, in fact, axi aJ4. 6. Compound 2 agrees with this, showing that the benzylic proton at C-

7' is further up field and thus the aromatic ring attached at C-7' is axial. In addition the 

difference between the carbon resonances at C- I and C- I ' is 6 2.7 ppm and this suggests 

that compound 2 is an epi-lignan6
. The difference in carbon resonances between C-7 and 

C-7' is 5.8 ppm and is further evidence that suggests an epi-Iignan structure as was 

indicated by the NOESY correlations4
. 

Thus, compound 2 has been identified as episyringaresinol, which has been previously 

isolated from Liriodendron tulipifera and is a degradation product of birch lignin 7 . It is 

the other major compound in the calcium - spent liquor effluent. The mixture of the two 

isomers has a combined approximate concentration of 0.400 glL in the calcium - spent 

liquor effluent. 
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3.1.3 Structural elucidation of compound 3, 3-(4'-hydroxy-3',S'-dimethoxyphenyl)­

prop-I-cne 

H 

HJC 4 

OH 

H 

FIGURE 19: Structure of compound 3, 3-(4'-hydroxy-3',S'-dimethoxyphenyl)-prop­

I-cne 

The low - resolution mass spectrum of compound 3 (Spectrum 14) gave a molecular ion 

peak at mlz 194, which corresponds to the molecular fonnula of C!!H!40). 

Fragmentation between C-3 and C-2 results in the loss of 27 mass units and gives a peak 

at mlz 167, which corresponds to the hydroxy-dimethoxytropyliulTI ion. 

The infrared spectrum (Spectrum IS) shows a disti nct broad band at 3427 cm-], which 

indicates the presence of a hydroxyl substituent. There are also strong bands at 2923 cm-! 

and 2859 cm-! that correspond to C-H stretching of methine and methylene groups. The 

peak between 1680 cm-! and 1600 cm-! shows C=C stretching, which is not part of an 

aromatic ring. The distinct sharp peak at 11 26 cm-] is again characteristic of C-O 

stretching. 

The IH NMR spectrum (Spectrum 16) shows a single sharp peak at (; 6.39 ppm, 

integrating to two protons, indicating two equivalent aromatic proton resonances. The 

other strong peak at 6 3.86 ppm, integrating to six protons, is characteristic of protons of 

two equivalent methoxy groups. The !H NM_R peaks integrate to 2: 1 :2:6: I and suggests a 
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symmetrica l aromatic ring in the molecule. The doublet at 15 3.30 ppm is indicative of 

methy lene protons and the multip let peaks at 15 5.92 ppm and 15 5.07 ppm correspond to 

methine and methylene prolons respectively, which are attached to double bonds. 

The carbon spectrum (Spectrum 17) shows the strong characteristic peak of a methoxy 

carbon resonance at 15 56.2 ppm and the protonated aromatic carbon resonance at 15 105. 1 

ppm. The peaks between 6 11 0 ppm and 15 150 ppm correspond to carbons of the 

aromat ic ring or carbons attached to the double bond and these were assigned based on 

HMBC correlations. The peak at 15 40.3 ppm corresponds to the C-3 carbon of the 

methylene group. 

The HMBC NMR spectrum (Spectrum 18) shows a strong correlation between the carbon 

at 15 146.9 ppm and the protons of the methoxy group and would thus allow assignment of 

that carbon to C-3' and C-5'. There is also a weak 2J correlation to the aromatic protons, 

A strong correlation is observed from a carbon resonance hidden at 8 132.9 ppm (not 

clearly observed on the 13C NMR spectrum) to the aromatic protons and corresponds to 

C-4'. The protonated aromatic carbons (C-2', C-6') at 6 105.1 ppm show 3J correlations 

to the methylene protons at C-3. The carbon resonances at 15 137.6 ppm and 15 131. 1 ppm 

show correlations to the methylene protons and could either be the C- I' and C-2 or vice 

versa . However, the resonance at 8 137.6 ppm is st ronger than that at 15 131. 1 ppm and is 

probably due to the protonated carbon at position,2. Therefore the resonance at 8 13 1.1 

ppm is ass igned to C-I'. Figure 20 shows the relevant HMBC correlations with the 

strong or 3 J correlations in red. 
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FIGURE 20: HMBC correlations (C4H) of compound 3 

The COSY NMR spectrum (Spectrum 19) confirms this structure by showing correlations 

from the aromatic protons to the methoxy group protons. The methine proton at position 

2 shows correlations to the methylene group protons at positions J and 3, confinning the 

structure of the side chain. 

I ' 

6'0 2' 

5' 4' 3 

OH 

FIGURE 21: COSY correlations of compound 3 
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Compound 3 was subsequently idenlified as a 3-(4'-hydroxy-3',5'-dimelhoxyphenyl)­

prop- I-cnc from the GC/MS library. It is a common compound found in wood products 

and its concentration is approximately 0.020 g1L in the calcium - spent liquor effluent. 

TABLE 3: NMR data for compound 3 (400MHz, CDCI,) 

Posilion 11 C IIMBC (c->II) 

I' DI.t 11-3' 

2' 6.39 105.1 H-3, H-6' 

3' 146.9 OCHJ• H-2' 

4' 132.9 H-2'/6' 

5' 146.9 QCII" H-6' 

6' 6.39 105.1 H-3, H-2' 

3 3.30 d (2H) 40.3 H-2'/6' 

2 5.92 m (I H) 137.6 H-3 

I 5.06 m (2 H) 11 5.7 11-3 

OCH) 3.86 56.2 
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3.1.4 St ructural elucidation of compound 4, 3-(4 '-hydroxy-3 ' ,5'-dimethoxyphenyl)-I­

hydroxy-prO I)a n-2-one 

fH,OH 'IH,OH 

'1=0 £-O H 

II 
H, H 

3 
H " H 

" 
6' H 6' H 

0' - 0' 5 - 5' 

H3CO 
3' OCH3 3 OCH3 4' H3C 4' 

OH OH 

F IGU RE 22: St .... uctu .... e of compound 4, 3-(4'-hyd .... oxy-3 ' ,5'-dimethoxyphenyl)-1-

hyd .... oxy-p .... opun-2-one displaying keto-cnol tautomerism 

The mass spectrum, Spectrum 20, shows a molecular ion peak at mlz 226 ind icating a 

molecular fonn ula OfCII HI40S for the compound. et-Cleavage between positions 3 and 2 

yields the corresponding substituted tropyl ium ion indicated by the base peak at mlz 167, 

The loss of 59 mass units to give the peak at mlz 167 corresponds to the loss of the 

carbonyl attached to the hydroxy methylene substitucnt. 

The infrared spectrum (Spectrum 21) shows a broad band between 3400 cm- I and 3600 

cm-I, which is ascribed to the hydroxyl group and" characteristic carbonyl peak at 172 1 

cm-I, which is ascribed to the carbonyl group at position 2 on the molecule. 

The proton NMR spectrum, Spectrum 22, shown on page 152, shows a peak at 8 6.41 

ppm (21-1) characteristic of an aromatic ring proton or alkene proton and is assigned H-2' 

and H-6'. The strong peak at 8 3.87 ppm (3H) is characteristic ofa methoxy group proton 

resonance and the peak at 0 3.63 ppm is due to a methylene group proton attached to an 

electronegative group, such as, a carbonyl group. The peak at 8 4.28 ppm is that of a 
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methylene group proton attached to an electronegative atom, such as oxygen, that has 

shifted it downfield. The methylene group proton resonance at 6 4.28 ppm (2 H) is more 

downfield than the methylene group at 0 3.63 ppm and could be ascribed to the 21-1-1 

resonance attached to a hydroxyl group. The integration of the aromatic substituents is 

2:6 confirming a symmetrical aromatic ring structure. Thus the peak at 8 6.41 ppm 

corresponds to H-2' and H-6' and there are two methoxy groups, which are attached to C-

3' and C-5' un tht:; mol t:cuk. 

Spectrum 24, the HSQC NMR spectrum, con finn s that the peaks at 0 4.28 ppm and 8 

3.62 ppm are, in fact , due to methylene group protons and that they correspond to the 

peaks at 8 67.7 ppm and 0 46.1 ppm respectively in the carbon NMR spectrum (Spectrum 

23) . The peak al 8 6.4 1 ppm, due to the two aromatic protons, corresponds to the same 

carbon peak at 6 106.1 ppm. The carbon peak resonance at 8 56.6 ppm corresponds to 

methoxy group carbons. 

The HMBC spectrum, Spectrum 25, shows carbon to proton correlations as shown in 

Table 4. A peak at 6 207 ppm characteri sti c of a carbony l group was 110t clearly shown 

on the carbon spectrum. Ketone carbony l peaks are sometimes difficult to see as they are 

weak resonanccs. However, the carbon of the ketone was seen to correlate to the protons 

of both methylene groups in the HMBC NMR spectrum and is therefore positioned 

between the two methylene groups. The carbon peak at 8 147.5 ppm shows correlations 

to the protons oflhe methoxy groups as well as the protons at 8 6.41 ppm (H-2' and H-6'). 

The peak at 0 134.4 ppm shows a correlation only to the peak at 66.4 1 ppm. It does not 

show any correlations to the methoxy group protons, which would be a 4J correlation and 

this is generally not seen. Therefore this carbon resonance could be assigned to C-4'. 

The carbon peak at 0 123.8 ppm is ascribed to carbon position l' on the molecule and 

correlates to the protons on the methylene group at 8 3.63 ppm (H-7') and to the protons 

on the aromatic ring (H-2' and H-6'). The carbons, at positions 2' and 6', correlate to the 

protons on the methylene group at position 3. The C-l resonance of the methylene group 

occurs at 8 67.7 ppm and shows a correlation to the protons of the other methylene group 
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(2H-3). The C-3 resonance of the methylene group at S 46.1 ppm shows a correlation to 

the protons at 0 6.41 ppm (H-2' and H-6'). Figure 23 and Table 4 show the full set of 

HMBC correlations. 

FIGURE 23: HMBC correlations (C--+H) of compound 4 

The NOESY NMR spectrum, Spectrum 26. shows a correlation between the protons at (; 

6.41 ppm and the protons of the methylene group at 0 3.63 ppm. The spectrum also 

shows a correlation between the protons of the two methylene groups (Figure 24). 

A COSY correlation is seen between the aromatic protons and the methoxy group protons 

(Spectrum 27). 

FIGURE 24: NOESY correlations of compound 4 
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TABLE 4: NMR data for compound 4 (400MHz, C DCI,) 

Position H Acctylated "c HMBC (C-+H) NOESY 

'1-1 

I' 123.78 H-3('.I), H-2' & H-6'( .I) 

2' 6.41 6.68 106.14 H-3('.I) H-3,OCH) 

3' 147.49 OCH,(,.I), H-2'(' .I) 

4' 134.37 H-2' & H-6'( .I) 

5' 147.49 OCH,(,.I), H-6'('.I) 

6' 6.41 6.68 106.14 H-3( .I) H-3.0CHJ 

3 3.63 s (2 H) 6.24 46.14 H-2'('.I), H-6'(' .I) H- I, H-2' & H-6' 

2 207 H-3(.I), H- I(.I) 

1 4.28 s (2H) 4.77 67.67 H-3('.I) 1-1 -3 

OCH3 3.87 (6H) 3.79 56.6 B-2', B-6' 

Compound 4 was identified as 3-(4'-hydroxy-3',5'-dimcLhoxyphenyl)-I -hydroxy-propan-

2-one, having an approximate concentration of 0.010 g/L in the calcium - spent liquor 

e ffluent. 
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3.1.4.1 Acetylation of compound 4 

Compound 4 was acetyla ted to confinn the positioning of the hydroxyl groups. This was 

carried out using pyridine and acetic anhydride. The details of the acetylation procedure 

arc given ill the experimental sect ion, page 96. 

Structural elucidation of the acetylated compound 4 

I TI 
H 2Y-0-C-CH3 

' n-0-~-CH 3 

H 0 
l 

o 
I ,=0 
CH) 

FIG URE 25: Structure ofacetylated compound 4 

The ' H NM R spectrum (Spectrum 28) shows that the acetylated product is a triacetale 

and not a diacctatc, as onc would have expected. The acetylation at carbon posi tion 2 

occurred because keto-cnol tautomcrism results in the formation of the enol fonn as 

shown in Figure 22. The double bond between carbons 3 and 2 results in a conjugated 

structure with the aromatic ring, affording greatcr stability to the molecule. 

The mass spectrum (Spect rum 29) givcs a molecular ion peak at mlz 352. which 

corresponds to the addition of three acetate groups (3 x 42 = 126) to the original 
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compound (mlz 226). The mass spectrum shows fragmentation ions at mlz 310, 268 and 

226 resulting fro m the loss of three O=CCI-I) fragments. 

The infrared spectrum (Spectrum 30) shows a distinct , strong carbonyl band at 1762 cm-1 

due to the presence of three acetate carbonyl groups. There is no evidence of a hydroxyl 

substituent. 

The three acetate group proton resonances occur at 0 2.31 ppm, 0 2.20 ppm and 0 2.10 

ppm (each 3H) in the proton NMR spcctm m, Spcctrum 28. The ace tylation of the 

hydroxyl group at carbon position I has caused a down field shift of the 2H-I protons 

from 0 4.28 ppm to 0 4.77 ppm. The proton NMR spectrum also shows the 

disappearance of the methylene group at position 3 and the presence of a new methine 

peak at 8 6.24 ppm corresponding to the formation of the double bond in conjuga tion 

with the aromatic ring. The HSQC spectrum (Spectrum 31) further confirms the presence 

of only onc methylene group at 0 4.77 ppm corresponding to lhe carbon at B 64.2 ppm 

(C-l). 

The HMBC NMR spectrum (Spectrum 32) of the acety lated compound shows the same 

correlations as seen for the original unacetylated compound 4. In addition, correlations 

can be seen between the carbons of the carbonyl groups of the acetate substituents and the 

protons of the acetate methyl groups. A correlation can be observed between the 

carbonyl of the acetate group at C-I and the protons at C-I. The carbon at position 2 (0 

143.7 ppm) is correlated to the protons on the methylene group at C-l and the proton on 

lhe methine group at position 3. 
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FIGURE 26: HMBC correlations (C--+H) of the acetylated compound 4 

The NOESY NMR sped rum (Spectrum 33) shows correlations between the aromatic 

protons and the methine proton at C-3 and the protons of the acetate group at C-2 . A 

correlation is also observed between the protons of the mcthoxy group and the acetate 

substitucnt at position 4' on the aromatic ring. 

11 

, ~ 
H'i-O-C-CH 3 
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FIGURE 27: NOESY correlations of acetylated compound 4 

63 



3.1.5 Structural el ucidat ion of compound 5, 4-hydroxy-3,5-dimet hoxybenzuldehyde 

(com monly known us syringaldehyde) 

IT 
C- I-I 

6 1-1 

,0 2 

I-I,CO 4 OCH, 

0 1-1 

FIGURE 28: Structure of compound 5, syringaldchydc 

The mass spectrum, Spectrum 34, shows a molecular ion peak at mlz 182, confi rnling that 

compound 6 has a molecula r fonnula OfC9H!004. The distinct peak at M-I corresponds 

to the loss of a hydrogen, which is characteristic of an aldehyde. A loss of 17 mass units 

(182-165) shows the loss of a hyd roxyl group. 

The infrared spectrum (Spectrum 35) shows a broad band between 3200 cm'l and 3400 

crn'l characteristic ora hydroxyl substituent. The sharp peak at 1671 cm' ! is characteri stic 

of carbonyl st retch ing in conjugation with the aromatic ring and can be ascri bed to the 

aldehyde group. The two peaks between 2800 cm' ! and 3000 cm' l are characteristic ofC­

H stretching of the aldehyde group. T he peaks at 1607 cm' ! and 1512 cm' l are ascribed 

to aromatic ring vibrations and the distinct peak between 1300 cm,l and 1350 cm' ! is 

characteristic of syringyl ring breathing!. 

T he proton NMR spectrum of this compound (Spectrum 36) shows only four peaks in the 

I H NMR spectrum, which suggests that the compound is symmetrical. The spectrum 

shows a sing let at 8 9.80 ppm characteristic of an aldehyde proton. The peak at 8 7.13 

ppm (21-1) is characteristi c of aromatic protons and the strong peak at 8 3.96 ppm (6H) 
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corresponds to the protons of a methoxy group. The integration of the peaks from left to 

right is I :2: I :6, confirming a symmetrical aromatic ring with two aromatic protons, H-2 

and 1-1 -6, occurring at 0 7.13 ppm and two mcthoxy group proton resonances for the 

groups at C-3 and C-5, at 0 3.96 ppm. The peak at 0 6.06 ppm integrates to I proton and 

corresponds to the phenolic proton of the substituent at C-4. The presence of this proton 

was further confirmed by the disappearance of this peak when a proton NMR spectrum 

was run using deuterated water as the solvent, Spectrum 37. 

The HSQC NM R spectrum (Spectrum 39) shows that the proton of the aldehyde group 

corresponds to the carbon resonance at 8 190.9 ppm, the aromatic protons correlate with 

the carbon resonance at 0 106.9 ppm and the methoxy group proton resonance 

corresponds to the carbon resonance at 0 56.7 ppm. The remain ing three carbon 

resonances are due to fully substituted carbons. 

The HMBC NMR spectrum (Spectrum 40) shows that the carbon atom of the aldehyde 

group con'elates to the protons of the aromatic ring (H-2 and 1-1 -6). The carbon atoms at 

positions 3 and 5 (0 147.6 pp m) arc seen to correlate to the protons of the methoxy 

substi tuents, the phenolic proton at CA and the protons of the aromatic ring. The CA 

resonance correlates to the phenolic proton and the protons of the aromatic ring. The C-l 

resonance (8 128.6 ppm) correlates to the protons of the aromatic ring and the aldehyde 

proton. The C-2 and C-6 resonances show an I-IMBC correlation to the aromatic protons 

as well as to the proton of the aldehyde group. 

The NOESY NMR spectrum (Spectrum 41) shows proton correlations between the 

aldehyde pruton alld the H-2 and H-6 resonances. The spectrum also shows proton 

correlations between the aromatic protons and the methoxy group protons. These 

correlations confinn the positioning of the a ldehyde group, methoxy groups and the 

aromat ic protons. 

This compound was ident ified as syringaldehyde and occurs at a concentration of 

approx imately 0.0 I 0 g/L in the calcium - spent liquor. Syringaldehyde is another 
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commonly occurring compound in sulphite liquors and its structure was con finned from 

literature spectra. 

TABLE 5: NMR data for compound 5 (400MHz, CDCI,) 

Position H C IlMBC(C .... H) NOESY 

1 128.61 H-2('.I), C HO('.I) 

2 7. 13 106.89 H-6( .I), C HO(.I) CHO,OCH, 

3 147.55 H-2('.I), OH('.I), OCH,(,.I) 

4 141.00 H-2( .I), H-6(.I), OH( .I) 

5 147.55 OH(' .I), H-6('.I), OCH,(,.I) 

6 7. 13 106.89 H-2( .I), CHO( .I) CHO,OCHl 

CHO 9.80 190.99 H-2, H-6( .I) H-2, 1·1-6 

OCH1 3.96 56.69 H-2, H-6 

OH 6.06 
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3.1.6 Structural elucidation of compound 6, 2,6-dimethoxy-l ,4-bcnzoquinone 

6 
OCH 

I 
4 

o 

FIGURE 29: Structure of compound 6, 2,6-dimethoxy-l,4-benzoquinone 

Compound 6 was isolated as a mixture with compound 5, syringaldchydc. The t.l.c plate 

showed one clean spot but on running the GC/MS, two compounds having an 

approximate ratio of2 : I was seen with compound 6 present in almost half the quantity of 

compound 5, Spectrum 42. 

The mass spectrum (Spectrum 43) shows a molecular ion peak at mlz 168, which 

corresponds to a molecular fonnula of CSHS04. The GelMS library immediately 

identified this compound as 2,6-d imethoxy-l ,4-benzoquinone with an 86 % certainty. 

The 1 H NMR spectrum (Spectrum 44) shows the peaks due to syringaldehyde, as 

described in the previous section. In addition to this, the spectrum shows another proton 

resonance at 8 5.84 ppm, which can be ascribed to the protons attached to the double 

bond (H-3 and H-5) and the peak at 8 3.80 ppm is due to the methoxy group proton 

resonance. 

The 13C NMR spectrum (Spectrum 45) shows carbon resonances for both compounds. 

The peaks for syringaldehyde were subtracted and the remaining resonances were found 

to correspond to compound 6. These were a strong peak at 8 107.4 ppm, which 

corresponds to the protonated carbon resonances at C-3 and C-5 and the peak at 8 157.3 

ppm, which corresponds to C-2 and C-6 to which the methoxy groups are attached. 
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Analysis of the HMBC correlations shows a small hidden carbon resonance In the 

downficld region, at approximately S 176 ppm (Spectrum 46). Thi s shows a strong 

correlation to 1-1-3 and H-5 and can be assigned to C- l attached to an oxygen atom. 

Carbonyl resonances are generally weak and arc often not c learly seen. The HMBC 

NM R spectrum further confirms the assignment ofC-2 and C-6 by showing a strong 3) 

correlation from those carbons at 0 157.3 ppm to the protons of their mcthoxy groups. 

The HMBC correlations for syringaldehydc are discussed in the previous section. 

o 

FIGURE 30: HMBC correlations (C-->H) of compound 6 

The NOESY NMR spectrum (Spectrum 47) confirms the presence of a mixture of the 

two compounds by showing proton correlations from each compound's aromatic protons 

to their respective methoxy group protons. 

The above spectra clearly confinns the GC/MS library'S identification of compound 6 as 

2,6-dimcthoxy- l ,4-benzoquinone. It is present in minor quantities in the effluent with an 

estimated concentration of approximate ly 0.0030 g/L. 
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TABLE 6: NMR data for compound 6 (400MHz, CDCI,) 

Position H C HMBC 

I - 178 * H-3, H-5 

2 157.3 OCH) 

3 5.84 107.4 

4 - 175- 180 '* 

5 5.84 107.4 

6 157.3 OCH) 

OCH) 3.80 56.5 

* These carbon resonances for the carbonyl groups are approximate values as carbonyl 

resonances are weak and are often not clearly seen. They were detected using the HMBC 

NMR spectrum. 
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3.1.7 T he extraction of lignosulphonates 

An extraction of the lignosulphonates was attempted using the method described by 

Konturri and SundhoiIn8
,9 . T his method involved firs t complexi ng the lignosulphonatcs 

with a long-chain alkyl amine, wh ich was then ext racted into an organic solvent. The 

Iignosulphonates were thereafter regenerated by the addi tion of an alkali such as NaO l-l . 

Section 4. 2.2 in the experimental chapter contains the detai ls of the extraction procedure. 

A cream - coloured precipitate (w/w % = 4.2 %), from the ex traction of the aqueous 

portion of the calcium - spent liquor effluent stream, was obtained and was subjected to a 

variety of tests. The precipitate was found to be insoluble in dichloromelhane (MeCb) 

and methanol (MeOH) but soluble in water. On ai r evaporat ion ofa water solution oflhe 

sample, white square - like crystals were obtained resembling sugar. An ignition test was 

carried out on the sample, which gave off a candy floss aroma. The sample did not ignite 

or give off smoke but charred to a black res idue. 

A IH NMR spectrum (Spectrum 48, page 178) of the precipitate showed peaks between 8 

3 ppm-8 5 ppm and a few peaks in the aromati c region. This suggested a mixture of 

aromat ic compounds with sugar molecu les. T he l3 C NM R spectrum (Spectrum 49) 

showed peaks between 8 60 ppm-8 90 ppm, which are indicative of sugars. T he sample 

was then spotted on a 1.l.c, plate and developed in 100% MeOH but poor separation was 

obtained. Separa tion on a preparative I.l.c. plate was also unsuccessful. 

A sodium fus ion test gave a positi ve test for the presence of sulphur. 

An infrared ana lys is, Spectrum 50 in Appendi x A, showed a broad distinct band between 

3600 cm-l and 3000 cm'1 characteristi c of 0-1-1 stretching, The other di stinct bands at 

1603 cm' ) and 1402 cm-1 are indicati ve of C=C stretching of an aromatic ring, The 

shoulder peak at 1208 cm'1 can he ascribed to sulphonic ac id g roups and the broad band 
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between 1100 cm-I and 1000 cm-I indicates the presence of sugar or polysaccharide 
. . lOa mOieties . 

An ultraviolet scan, Spectrum 51, of the sample showed a high absorption maximum at 

approximately 210 nm and a smaller absorption at approximately 280 nrn, which 

compares favourab ly with UV spectra shown for lignosu lphonates from spruce, beech 

. d lOa and pme woo 

Based on the above analys is carried out on the sample, it was concluded that the 

lignosulphonate extrac t obtained from the extraction of the calcium - spent liquor 

effluent, includes a mi xture of lignosu lphonates with sugars. It has not been possible to 

isolate and identify pure lignosulphonate compounds during the course of this project. 

The isolation and identification of pure lignosulphonates would require considerable time 

and the use of other techniques, such as, HP LC or ion exchange chromatography to 

separate such compounds and was considered beyond the scope of this project. The 

equipment necessary for the use of these techniques was also presently unavailable. 
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3.1.8 Analysis of the residue formed in the calcium - spent liquor 

The calcium - spent liquor produced a residue on cooling and standing having a 

concentration of approximately 0.72 glL. It was initially thought that the light , fibrous -

like residue contained calcium oxalate, which contributed to the scaling problems in the 

pipeline. An X - ray diffraction analysis revealed that there was no calcium oxalate 

present in this particular sample but there was, in fact, two forms of calcium sulphate 

present, gypsum (CaS04.2H20) and the hemihydrate form more commonly known as 

Plaster of Paris (CaS04.0.5H20). These two components were identified by matching the 

d-spacings obtained for this sample with those found in a library, starting with the peak of 

highest relative intensity. Spectrum 52 shows the two compounds with the identified 

peaks coloured but there is a third component present in minor quantities that was not 

identified. 

An elemental composition of the sample was obtained by subjecting it to X - ray 

fluorescence analysis (Table 8). The sample preparation involved fusing it with Li(B04)4 

in a muffle fumace at 10000 C and thereafter cooling it to form a pellet. The XRF 

analysis revealed that the sample contained mostly calcium (82.8 %) and a significant 

amount of sulphur, whose percentage could not accurately be determined. The sample 

also contained silica (5.9 %) and sodium (1.3 %) and other elements such as aluminium, 

magnesium, phosphorous and chromium were present in trace amounts, that is <0.3 %. 

The sample had a large organic content, which was lost during ashing, shown by a loss on 

ignition of 80.4 %. Sulphates could also have been lost during the ashing process. The 

high calcium content suggests that the organic component could have calcium cations 

complexed with it. 
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3. t.9 Carbohydrate content of the calcium - spent liquor eflluent 

Carbohydrates make - up a major proportion of the calcium - spcnt liquor and generally 

originate from hemicelluloses 11a
• Hem icelluloses are subdivided into hexoses, pentoses 

and deoxyhexoses 11b
. There may be a sma ll portion of polysaccharides present in the 

spent liquor but the pu lping process through which the wood chips pass usua lly converts 

almost a ll the polysaccharides to monosaccharides lla. The carbohydrate content in the 

form of hexose based on glucose and pentose based on xylose was determined using UV 

spectroscopy and the experimental detai ls can be read in section 4.2.3. This technique is 

useful for a rapid estimation of the quantity of soluble carbohydrates present in the 

e ffluenl 12a
. 

In order for a compound to absorb in the visible region, it mllst generally be coloured, 

therefore the samples were treated wi th colour reagents that allowed absorption of vis ib le 

wavelengths at approximately 490 nm for glucose and 660 nm for xylosel 2a
• The colour 

reagen ts most commonly used are phenol , an throne and orcinol. In thi s analys is, phenol 

was complexed with glucose and orcinol was complexed with xylose13
. The use of 

concentrated acids ensured complete hydrolys is of any polysaecharides that may have 

been present , to monosaccharides. 

3.1.9.1 Analysis of hexoses13 

Three glucose standards were prepared having the follow ing concentrations, 0. 10 rug/ml, 

0.25 mg/ml and 0.35 mglml. These standards were subjected to the same preparation 

procedures as the sample and their absorbances were determined, Spectrum 53. These 

results were then used to calculate their absorp tivities using Beer's Law. The calculations 

are as follows: 
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Beer's Law equation: 

Where A = absorbance 

a = absorptivi ty 

Ik\ ~ alell 

= path Icngth of the cell which is lcm 

c = concentration 

Using the data in Table 9. 

Standard solution of 0.1 0 mg/ml 

a ~ A/(I x c) 

~ 0.463 I ( I x 0.10) 

= 4.630 

Similarly, the absorptivities for the other standards wcre ca lculatcd (Table 9) and the 

average absorptivity was calcu lated to be 4.633. Using this absorptivity, the 

concentrat ion of glucose in the calcium· spent liquor sample was calculated as follows. 

c ~ A/a l 

~ 0.571 I (4.633 x I ) 

~ 0.123 mglml 

Taking int.o account the dilution factor, the conccntratio n of glucose in the calcium -

spent liquor effluent stream is 49.3 g/L. This value (weight % = 4.9 %) compares 

favourably with that obtained from SAICCOR (3.3 % by weight) (Table 11 in Appendix 

B). 
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TABLE 9: Data used to calculate the conccntration of glucose in the calcium - spent 

liquor effluent 

Sample Absorba nce (A) Absorptivity (a) Concentration (c) 

(IUg/ml) 

Std 0 .10 mglml 0.436 4.630 0.10 

0.25 mg/ml 1.1 39 4.556 0.25 

0.35 mglml 1.650 4.714 0.35 

Ca~spenlliquor 0.571 4.633 0.123 

3.1.9.2 Analysis of pcntoscs 13 

Variolls xylose standards were prepared ranging from 0.05 mglml to 0.35 rnglml. The 

absorbance for each standard was determined (Spectrum 55) and used to calculate their 

absorptivities using Beer's Law as shown for hexose: 

For example. the absorptivity for a standard 0.10 mg/ml solution was calculated as 

follows: 

A = ale 

a ~ A / (cx l) 

~ 0.258 / (0.10 x I) 

~ 2.58 

Similarly. the absorptiv ities of the other standa rds (Table 10) were calculated and the 

average absorp ti vity was determined as 2.49. This value was then used to calcu late the 

concent ration of xylose in the sample. 

c ~ Alal 

~ 0.620 / (2.49 x 1) 

~ 0.249 mglml 
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Taking into account the dilution factor , the xy lose concent ra tion in the calcium - spent 

liquor cfnucnt was determined to be 49.8 glL. Converting this va lue to weight % = 5.0 

%, it is in agreement wi th that obtained from SA TCCOR (3.3 % by weight) for the 

ca lcium - spcnt liquor stream (Table 11 in Appcndix B). 

TA BLE 10: Data used to calculate the concentnltion of xylose in the calcium - spent 

liquor effluent 

Sample Abso rban ce (A) Absorpti vity (a) Co ncen tration (c) (mg/m!) 

Std 0.05 mglml 0. 123 2.46 0.05 

0.10 mg/m! 0.258 2.58 0.10 

0.15 mglm! 0.400 2.67 0. 15 

0.20 mg/m! 0.527 2.64 0.20 

0.25 mglll1! 0.598 2.39 0.25 

0.30 mg/m! 0.706 2.35 0.30 

0.35 rug/m! 0.807 2.3 1 0.35 

Ca-spent liquor 0.620 2.49 0.249 
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3.1.10 Analysis of wax balls from calcium - spent liquor evaporates 

A very distinct smelling sample made up of yellow and cream - coloured wax balls was 

found to build-up in both the calcium and magnesium sections. The sample analysed in 

this work was obtained from the calcium - section at the stage where the condensed gases 

combine from an evaporation process in the spent sulphite liquor stream. Marked as [*] 

on Scheme 16, page 42. 

The build - up of this waxy substance is generally a rare occurrence, but is, in fact, 

dependant on plant operating conditions, such as temperature and pH. Discussions with 

plant operating personnel revealed that these wax balls only formed if the temperature of 

the condensing gases, from an evaporation process, cools to below approximately 60° C14
. 

At temperatures above 60° C, the waxy substances remain in solution, which combines 

with the rest of the calcium - spent liquor effluent stream and is carried to the main 

effluent pipeline out to sea. Furthermore, an increase in pH to approximately 5.5-6.0 also 

encourages the solidification of these wax balls out of the condensing gases l4
. However, 

none of these compounds were identified in the organic extracts of both the calcium and 

magnesium effluent streams, which is probably due to operating conditions at the time 

the samples were collected and possibly because they are present in minor quantities. 

The wax balJs were analysed using GC/MS and they were identified as a combination of 

fatty acids and their derivatives. The major constituent was found to be palmitic acid, 

which makes up approximately 65 % of the sample. It has been reported that the major 

fatty acid found in Eucalyptus globulus is linoleic acid followed by palmitic acid lOh
. 

Other constituents present in minor quantities include pentadecanoic acid (5 .6 %), 2-

hydroxy-cyclopentadecanone (4.1 %), the methyl ester of palmitic acid (3.2 %), myristic 

acid (2.6 %) and I ,2,3 ,4-tetrahydro-1 ,6-dimethyl-4-( I-methylethyl)-naphthalene (1.9 %). 

A few trace constituents present include dodecanoic acid, hexadecanoic acid and 

derivatives of octadecadienoic acid and naphthalene. Spectrum 57 in Appendix A shows 

the gas chromatogram and spectra 58 to 67 shows the mass spectra identifying the 

various constituents. 

77 



Fatty acids have a variety of uses ranging from applications in the pharmaceutical and 

cosmetic industry to the soaps and detergent industry. The details of their biosynthesis 

and uses can be read in section 2.3.2. If commercially viable markets could be found for 

these compounds, they could be extracted from the emuent stream before it is pumped 

out to sea, thus reducing the impact of the emuen! on the environment. A possible means 

of extracting these fatty acids would be in the same manner described above. that is, by 

adjusting the pH and reducing the temperature. 

However, a future study would need to be undertaken to determine accurately the 

quantities of these substances available from this source. 
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3.2. ANALYSIS OF THE MAGNESIUM CONDENSATE EFFLUENT 

The following compounds were identified in the orgmllc extract of the magnesIum 

condensate - two isomers of syringarcsinol; 3-(4'-hydroxy-3' ,5'-dimcthoxyphenyl)-prop­

I-cne; 2,6-dimethoxy-l,4-benzoquinone and vanillin. Only vani llin will be discussed 

here as the other compounds have been previously isolated from the calcium - spent 

liquor effluent stream and their detailed structural elucidations can be read in section 3. 1. 

The carbohydrate content in the form of hexose and pentase was also detennined using 

UV/visib le spectroscopy. 

3.2.1 Structural elucidation of compound 7, vanillin 

~ 
.--H 

H H 

0 
H OCH J 

OH 

FIGURE 31: Str ucture of compound 7, vanillin 

The infrared spectrum (Spectrum 68) shows a broad band between 3600 cm-! and 3200 

cm-!, which indicates the presence of a hydroxyl group and the weak bands at 2860cm-! 

and 2734cm-! correspond to C-H stretching of the aldehyde group. The sharp peak at 

1671 cm- l is characteristic of carbonyl stretching and the peaks at 159 1 cm-l and 1517 

cm-] can be ascribed to aromatic ring vibrations. The peak between 1250 cm- l and 1050 

cm-! indicates C-O stretching of the methoxy group. 

The lH NMR spectrum (Spectrum 69) shows a distinct strong peak at S 3.93 ppm (3H). 

which is characteristic of a methoxy group proton resonance. A peak at 0 9.82 ppm (1 H) 
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is characteristic of an aldehyde proton resonance. Peaks at 8 6.97 ppm and 0 7.56 ppm 

correspond to aromatic proton rcsonances and arc due to onc proton and two protons 

respectively. The broad peak at 8 6.21 ppm can be asc ribed to a phenolic proton. The 

integration suggests on ly one methoxy substituent present. 

A literature search identified th is compound as vani llin, a characteristic compound found 

in pulpi ng liquors 14
. The infrared lihrary identified compound 7 as vani llin and l H NMR 

spectra matched those found in literature. No further spectra were run on this compound, 

as it is a simple, well-known compound. It also gave off the character istic smell of 

vanillin. The concentration of vanillin in the magnesium condensate effluent was found 

to be approximately 0.0016 glL. 
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3.2.2 Further compounds identified 

Four additional compounds were isolated and identified from the magnesium condensate 

effluent stream. These were also isolated from the calcium - spent liquor stream and 

were identified as the two lignans, syringaresinol and episyringaresinol; 3-(4'-hydroxy-

3',5'-dimethoxyphenyl)-prop-I-ene (-0.012 gll); and 2,6-dimethoxy- I,4-benzoquinone 

(-0.0033 g/I). The two syringaresinol compounds were isolated as a mixture and were 

found to be the major organic components present in this stream of effiuent having an 

approx imate concentration of 0.017 glL. 

OCH) 

HO 5 ",....--, 
306 ~!.. 

2 I',··.. ". 

H 

syringaresinol 

H H 

H,CO 4' 
OOi, 

H 

04' 
2' 

3' 

CH, 

OH 

H 

H,C 7' 

·1 "~''''i''O 
9' "'::o H 4' 

2' 3' 

episyringaresinol 

H, 
6 

OCHJ 

1 12 
3 

H 

0 

OH 

OH 
3-(4'-hydroxy-3',S'-dimethoxyphenyl)-prop-I-ene 2,6-dimethoxy-l,4-benzoquinone 

FIGURE 32; Structures of other compounds isolated from the magnesium 
condensate effluent stream 

The structura l elucidation of these four compounds will not be discussed in this section 

but can be referred to in sections 3.1.1, 3.1.2, 3. 1.3 and 3. 1.6. 
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3.2.3 Carbohydrate content of the magnesium condensate 

The magneSIUm condensate was analysed for hexoses based on the glucose content 

(Spectrum 70) and pentoscs based on the xylose content (Spectrum 71) using the UV 

spectrophotometer1
] . The sample was prepared in the same manner as previously 

described in section 3.1.9. 

3.2.4.1 Analys is of hcXOSCS 13 

Using the average absorpt ivity calculated previously, the concentration of glucose in the 

magnesium condensate sample was calculated as follows. 

c ~ Nal 

~ 0.721 / (4.633x I ) 

~ 0.156 mgiml 

Taking into account the dilution factor, the concentration of g lucose in the magnesium 

condensate effluent stream is 3.11 glL. 

3.2.4.2 Analysis of pcntoscs13 

Using the average absorpt ivity calculated previously, the concentration of xylose was 

detcmlined as fo llows: 

c ~ N(a x I) 

~ 0.683 I (2.49 x l) 

~ 0.275 mgiml 

Taking into account the dilution factor, the concentration of xylose in the magnesium 

condensate e muent is 2.75 g/L. No analysis for comparison was ava ilable from 

SA1CCO R. 
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3.3 ANALYSIS 01' THE 0, - STAGE BLEACHING EFFLUENT 

A sample of the O2 - stage bleaching effluent was subjected to chlorofoml extraction to 

remove the organic components. The sample of effluent had a neutral pH and therefore 

the organic extract did no t need to be neutralised as was the case with the previous 

emucnt samples. The organic extract was then passed through a gravity column with 

varying solvent mixtures. The following compounds were isolated and identified in the 

organic extract of the 02 - stage bleaching cffiuent ~ sitosterol; syringaldchyde and 

palmitic acid. The carbohydrate content of the effluent was determined in the same 

manner as previously discussed. 

3.3.1 Structural elucidation of compound 8, p-sitosterol 
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FIGURE 33: Structure of compound 8, p-sitostcrol 

Compound 8 was isolated as a white crystalline substance. It is a common tritcrpenoid, 

and occurs widely in many plants and has previously bccn isolated and identified in 

bleaching e fOuenl llh. 

The strong bands that stand out in the infrared spectrum (Spectrum 72) are found at 2932 

cm- 1 and 2863 cm-l and are indicative of C-H stretching. There is a lso a broad band at 

3379 cm-l, which indicates the presence ofa hydroxyl substituent. 
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The 11-1 NMR spectrum (Spectrum 73) shows a peak at in the double bond region at " 

5.32 ppm , which corresponds to the mcthine proton at C-6. The peak at 8 3.50 ppm can 

be ascribed to thc 1l1cthinc proton at C-3 and has shifted down field because of the 

electronegative hydroxyl group. 

The carbon resonances at 8 140.9 ppm and 8 121.9 ppm, in the DC NMR spectrum 

(Spectrum 74), are found in the double bond region and can be ascribed to the fully 

substituted carbon at C-5 and the methine carbon at C-6 respectively. The pcak at 0 72.0 

ppm is indicative of a methine proton that has sh ifted down field due to the 

electronegative effect of the attached hydroxyl substituent. This peak can therefore be 

ascribed to the proton at C-3. 

On comparison of the spectra ror compound 8 with library spectra, it was identified as ~­

s itostcrol15
. The concentration of this compound in the 0 2 - stage bleaching effluent was 

found to be approximately 0.0075 glL. 
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3.3.2 Structural elucidation of compound 9, hexadecanoic acid (commonly known as 

I)almitic acid) 

2 
15 

HO 

FIGURE 34: Struclure of compound 9, hexadecanoic acid 

Compound 9 has a simple, long-chai n aliphatic structure and is also commonly found in 

plants and in the bleaching eff1ucnt of paper and pulp mills. 

The mass spectrum of compound 9 (Spectrum 75) shows a molecular ion peak at mlz 256, 

suggesting a molecular formu la ofC1 6HJ202. The peak at mlz 2 13 results from the loss of 

43 mass units and corresponds to the loss ofa propyl fragment (-CH2-CH2-CHJ) resulting 

from fragmentation between C- 13 and C-14. The next three peaks show losses of 28 

mass units each and correspond to fragmenta tion of ethy l groups. The peak at mlz 73 is 

ascribed to the remaining fragment of propanoic ac id . The GC/MS library identified 

compound 9 as palmitic ac id . 

The characteri stic bands in the infrared spectrum (Spectrum 76) further confirm the 

structure of compound 9. The strong bands at 2923 cm-I and 2847 cm- I are typical of an 

acid group. The infrared spectrum also shows a strong sharp band at 1712 cm-I that is 

characteristic of carbonyl stretc hing of the - COOH functional group. The infrared 

speclnJln compares favourably with that in the literature and confirms the absence of the 

band at approximately 3600 cm-I - 3000 cm-I due to O-H stretching l6
. 

The IH NMR spectrum (Spectrum 77) on ly shows peaks in the upfie ld region of the 

spectrum indicative of an al iphatic compound. The pcak at 0 2.32 ppm corresponds to 

the methylene protons at C-2 that have shifted slightly down field due to the attached acid 

substituent. The peak at 01.6 1 ppm can be ascribed to the methylene protons at C-15 and 
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the strong sharp peak at Cl 1.23 ppm is asc ribed to the protons of the twe lve equivalent 

methylene groups in the centre of the structure. The last peak, a triplet at 8 0.86 ppm, 

corresponds to the end methyl group protons. 

The lJC NM R spectrum (Spectrum 78) shows a carbon resonance al o 179.3 ppm, wh ieh 

is indicative of an ac id carbon subst itucnt. The other carbon resonances are found in the 

upficld region of the spectrum, typical of an aliphatic compound. The end methyl carbon 

is seen at 0 14.1 ppm and the other peaks are due to the mcthylene carbons. 

The NM R spectra confi rmed the structure of compound 9, which has been identified as 

hexadecanoic ac id or more commonly known as palmi tic acid with an approximate 

concentration 0[0.0088 g/L 
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3.3.3 Other compounds identified in the O 2 - stage bleaching effluent 
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FIGURE 35: Structure of syringaldehyde 

Syringaldehyde is another compound isolated from the bleaching efnuent. This 

compound is commonly found in wood products and has been previously isolated from 

the calcium - spcnt liquor stream of effluent. The concentration of syringaldehydc in this 

effluent stream is approx.imately 0.0030 g/L and a detailed structural elucidation can be 

read in sect ion 3. 1.5. 
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3.3.4 Carbohydrate content of the O2 - stage bleaching efnucnt 

The absorptivities, previously obtained for the standards, were used to calculate the 

concentration of hexose based on glucose (Spectrum 79) and pcntosc bascd on xylose 

(Spectrum 80) in the O2 - stage bleaching cmuent 13
. 

3.3.4.1 Analysis of hexose lJ
: 

3.3.4.2 Analysis of pcntoscl3: 

A ~ alc 

c ~ A 1 (a x I) 

~ 0.678 1 (4 .633 x I) 

~ 0.146 mglml 

A = ale 

c ~ A 1 (a x I) 

~ 0.426 1 (2.49 xl) 

~ 0.171 mglml 

Thus the O2 - stage bleaching effluent contains 0.146 g/L hexose in the form of glucose 

and 0.171 glL of pentose in the form of xylose. 
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3.4 ANALYSIS OF HIE E, - STAGE BLEACHING EFFLUENT 

I also helped supervise a honours student's project based on the E2 - stage bleaching 

emuent stream. As was expected sitosterol and syringaldehyde (Figure 36), which had 

been isolated from the 0, - stage bleaching ernuent, were isolated as well. Another 

compound linoleic (9,12-octadecadienoic ac id) acid was also isolated from this stream of 

effiuent, which had not been isolated from the O2 - stage bleaching effiuent. 

3 HO 4 

'-' 
\2 

18 22 

,,' 
12 

'-..Jc.---...17 
H 

8 " 
"" 7 

6 

~-sitosterol 

" 

29 

... ,." "H 
26 IT 

25 f(-H 

27 H 6 H 

,0 2 

113CO 4 OCH3 

OH 

syringaldchydc 

FIGURE 36: Structures of other compounds identified in the Ez- stage bleaching 

effluent 

The efnuent sample was treated in the same manner as the O2 - stage bleaching effiuent 

sample to remove the organic constituents, which also did not require neutralisation. The 

compounds isolated were sitosterol (0.0043 gIL), syringaldehyde «0.0010 gIL) and 

linoleic acid «0.0010 gIL). The carbohydrate content of the effiuent was determined 

using UV/visible spectrornetry. 

89 



3.4.1 Structural elucidation of compound 10, 9,12-octadecadienoic acid (more 

commonly known as linoleic acid) 
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§ 

12 

FIGURE 37: Structure of COIllI)Ound 10, 9,12-octadccadicnoic acid 

Compound 10 is another simple aliphatic compound that is commonly found in the Plant 

Kingdom. It has a structure very similar lo that of palmitic ac id but is unsaturated with 

double bonds at positions 9 and 12 and two additional methylene groups. 

The mass spectrum (Spectrum 81) shows a molecular ion peak at mlz 280, corresponding 

to a molecular formula of C 1sH320 2• The loss of 18 mass units to give the peak at mlz 

262 corresponds to the loss of water. Compound 10 was immediately identified as 

linoleic acid from the MS library. 

The ' H NMR spectrum (Spectrum 82) is similar to that of palmitic acid showing the 

characteristic peaks of the methylene protons in the up field region indicative of an 

aliphatic structure. The major difference is the peak at 0 5.39 PPll1, integrating to four 

hydrogcns, in the double bond region, which corresponds to the protons of the rnethine 

carbons of the double bonds. 
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3.4.2 Carbo hydrate content of E2 - stage bleaching cftluent 

The sample was treated as previously described and the hexose (Spectrum 83) and 

pentose (Spectrum 84) concentration was determined using UV/vis ible spcct romctry lJ. 

3.3.4.1 Analysis of hexose l
]; 

3.3.4.2 Analysis of pentosc i3
: 

A ~ al c 

c ~ A / (a x I) 

~ 0.775 / (4.63 3 x I) 

~ 0.167 mg/ml 

A ~ alc 

c ~ A / (a x I) 

~ 0.497 / (2.49 xl) 

~ 0.200 mg!ml 

Thus the E2 - stage bleaching emuent contains 0.167 g/L hexose in the form of glucose 

and 0.200 g/L of pentose in the form of xylose. 
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CHAPTER 4: EXPERIMENTAL 

4.1 FOREWORD TO EXPERIMENTAL 

Nuclear Magnetic Resonance Spectroscopy 

(NMR Spectroscopy) 

Nuclear magnetic resonance spcctroscopy was carried out on a 300 MHz Varian Gemini 

spectrophotometer and a 400 MHz Varian UNITY -!NOY A spectrophotometer. The 

spectra for all compounds were recorded at room temperature in deuterated chloroform 

(eDCI3) or dcutcrated water (D20) . The chemical shifts were all recorded in ppm 

relat ive to TMS. The spectra were referenced against the central line of the CDCh signal 

at oe ~ 77.2 ppm and OH ~ 7.24 ppm and for the 0,0 signal at OH ~ 4.61 ppm. 

Infrared Spectroscopy (I.R. Spectroscopy) 

The infrared spectra were recorded usmg a Nicolet Impact 400D Fourier-Transform 

Infrared (FT -IR) spectromcter, which was calibrated against an air background. The 

compounds were analysed using a NaCI window with dichloromethane as the solvent and 

the lignosulphonate mixture was analysed using a KBr disc. 

Gas Chromatography/Mass Spectroscopy (GC/MS) 

All samples were introduced using a I uL auto injection system onto a HPS-MS column 

in the GCIMS wi th I : 75 split. The starting temperature was 50° C, the sample was held 

for two minutes, the temperature was ramped at 20° C per minute until it reached 300° C 

and thereafter the sample was held for another two minutes. Low - resolution mass 

spectrometry was carried out on an Agilent 5973 mass spectrometer connected to a 6890 

Gc. 
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X-Ray I)iffraetion (XRD) 

The aqueous extract was filtered and a residue of mass 0.72 g was obtained. No special 

sample preparation was required for the XRD analysis. which was simply packed onto a 

sample holder and introduced into the instrument. 

X-Ray Fluorescence (XRF) 

Approximately 0.2 g of spect roflux I 05, (Li(B04)4, was heated in a 5 % gold in platinum 

crucibl e in a Illurnc furnace a t IOOOoC for hal fan hour. Approximate ly 0.53 g ofsamplc 

was added to this spcclronux melt and further heated at 10000 C for one hour. The 

sample ignited on entering the furnace and the organics were burnt off. The fused 

material was then cooled and reweighed. T he melt was reheated until it was a liquid and 

cooled into a pellct. The pe llet was placed in a sample holder and introduced into the 

instrument for analysis. 

General Chromatography 

All compounds from the organtc ex tract were isolated uSing gravity column 

chromatography and thin layer chromatographic techniques. I cm and 2 cm in diameter 

grav ity co lumns were used depending on the amount of sample available and final 

purifications were generally carried out on opcn 0.75 cm pasteur~pipettc columns. All 

columns wcre packed wi th Merck Art. 9385 si lica gel. The mobile phase for both column 

and thin layer chromatography were varying ratios of dich loromethane, hexane, ethyl 

acetate and mcthanol. Thin layer chromatography was carried out on 0.2 mm si lica-gel, 

aluminium-backt;:d platt.!s (Merck Art. 5554). The plates were visual ised w ith a mixture 

of anisaldehyde : eonc. H,S04 : methanol ( I :2:97) spray reagent. They were first 

analysed undcr UV (336 nrn) and then by heating. 
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Preparative Thin Layer Chromatography (I>TLC) 

Some compounds were purified using preparative thin layer chromatography. The 

ext ract was loaded as a line, 15 mm from the bottom, onto the plate by dipping a capi llary 

tube in the extract dissolved in minimum solvent (d ichloromcthane) and allowing it to run 

onto the silica - gel by touching it to the plate. The plates were developed in a 

chromatography tank and the compound of interest was marked under UV. The marked 

bands were cut off the plate, dissolved in methanol and thereafter the solvent cvaporated. 

Acetylation 

Compound 4 (7 mg) was dissolved in pyridine (1 1111) and acetic anhydride (2 ml) and left 

to react ovcr 48 hours in a round-bottom flask connected to a drying tube (CaCb). The 

acetic anhydride and pyridine were removed with methanol and toluene, in vaClIO. The 

acetylated mixture was spotted on a Ll.c. plate to see if the reactiun had gone to 

complet ion and to see if it needed to be purified. The acetylated product was passed 

through a column to separate the product from the impurities. The pure acetylated 

compound elutcd with 100 % dich loromcthane. 

Optical Rotation 

Optical rotations were measured at room tcmperature in chloroform using a Perkin Elmer 

241 Polarimeter with tube 10 cm in length or Optical Activity AA-S Polarimeter together 

with a series A2 stainless stee l (4 x 200 mm) unjacketed flow tube, 20 cm in length. 
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4.2 ANALYSIS OF HIE CALCIUM-SPENT LIQUOR - GENERAL SAMPLING 

AND ORGANIC EXTRACTION PROCEDURES 

The calcium - spent liquor was collected from a sampling spigot after the washing and 

screeni ng stage as the was te spent liquor goes to the cfnucnt drain but be fore it is pumped 

to Lignotech. During pumping the sample is generally under pressure to maintain a 

continuous flow through the pipeline, which results in a high ve locity and ensures the 

homogeneity of the sample. The sample contai ner was first ri nsed with the sample to be 

taken and therea fter the container was filled. T he temperature of the sample was between 

85 and 100° C and had a pH of 1. 8. 

A litre o rlhe cooled calcium - spent liquor sample was extracted with 3 x 1 L portions of 

chloroform using a 6 L separating flask. The organic ex tract was neutralised with a 

saturated solu tion of NaHCO) using universal indicator paper. The neutralised organic 

portions were evaporated using a BUCHI Rotavapor. 

4.2.1 PHYSI CAL DATA 

Mass of organic extract ~ 2.609 g 

4.2.1.1 Physical data for compound I, meso-syringaresinol 

Name: meso-syringaresinol 

Yield: 10 mg 

Physical Description: pale ye llow to brown amorphous substance 

[a]o" ~ 0 

Eluted wi th 20 % ethyl acetate in dich loromethane. 

Mass spectrum : LRMS : [M+] at mlz 418, C"H" O, requires 418.40 glmo1 

ElMS: mlz: 4 18, 235, 2 10, 181,167,16 1, 154,140, 123, 105,77 
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I.R Data: vm,,[NaCI](cm" ) : 3420 (O: H stretching), 2932, 2851 (aliphatic C-H 

stretching), 1624, 1518 (C=C stretching or the aromatic 

ring) , 1332 (syringyl breathing), 1116 (C-O stretching 

'1-1 and "c NMR data are presented in Table I in chaplcr 3 

4.2.1.2 Physical data for compound 2, episyringaresinol 

Name: cpisyringaresinol 

Yield: 10 mg 

Physical description: yellow to brown amorphous substance 
• 

[a]o" = + 107 0
: lit. + 127 0

' 

Mixture orsyringaresinol isomers eluted with 10 % ethyl acetate in dichloromethane 

Mass spectrum: LRMS : [M+] at mlz 418, C"H260, requires 418.40 glmol 

ElMS: mlz: 418, 251, 210,181,167,161,154,123,93 

I.R Data: vm,,[NaCI](cn'-'): 3420 (0-1-1 stretching), 2947, 2846 (aliphatic C-H 

stretching), 1619, 1528 (C=C stretching or the aromatic 

ring), 1332 (syringyl breathing), 1221, 1116 (C-O 

stretching) 

The I Hand IlC data arc presented in Table 2 in chapter 3 

4.2.1.3 Physical data for compound 3, 3-(4'-hydroxy-3',5'-dimethoxyphenyl)-prop-l-

ene 

Name: 3-(4' -hydroxy-3' ,5' -dimethoxyphenyl)-prop- I -ene 

Yield: 4 mg 

Physical Description: yellow to brown amorphous substance 

Eluted with 60 % dichloromethane in hexane 
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Mass spectrum : LRMS : [M+] at III/Z 194, CII HI'O, requires 194.22 glmol 

ElMS: III/Z: 194, 179, 167, 147, 131 , 11 9,91,77,65,53,39 

I.R Data: vm,,[NaCI](cm· l) : 3427 (O-H stretching) , 2923, 2859 (C-H aliphatic 

stretching), 1674 (unsaturated C~C stretching), 1596 (C~C 

stretching of the aromatic ring), 1336 (syringyl breathing), 

12 19, I 126 (C-O stretching) 

The J H and DC NMR data are presented in Table 3 in chapter 3 

4.2.1.4 Physical data for compound 4, 3~(4 '~hydroxy~3' ,5'~dimethoxyphenyl)~1~ 

hydroxy~propan-2~one 

Name: 3-(4 ' -hydroxy-3' ,5' -dimethoxyphenyl)-I-hydroxy-propan-2-one 

Yield: 3 mg 

Physical Description: yellow amorphous substance 

Eluted with 30 % ethyl acetate in dichloromethane 

Mass spectrum : LRMS :[M+] at III/Z 226, Cl I H" O, requires 226.20 glmol 

ElMS: III/Z: 226, 167,151, 123,106,78,66,53,39 

I.R Data: vm,,[NaCI](cm,I): 3434 (O-H stretching), 292 1,2849 (aliphatic C-H 

stretching), 1721 (C~O stretching), 1613, 1525 (C~C 

stretching of an aromatic ring), 1335 (syringyl breathing), 

1223, 1115 (C-O stretching) 

The I Hand 13C NMR data are presented in Table 4 in chapter 4 

4.2.1.5 Physical data for compound 5, syringaldehyde 

Name: 4-hydroxy-3,5-dimethoxybenzaldehyde (commonly known as syringaldebyde) 
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Yield: 5 mg 

Physical Description: yellow crysta lline sol id 

Melting point: 108-110° C: lit. 113_1 14° C' 

Eluted with 100 % dichloromcthanc 

Mass spectrum : LRMS : [M+] at m/z 182, C,HIOO, requires 182. 15 glmol 

ElMS: m/z: 182, 181, 167, 153, 139, 123, 111 ,96,79,65, SI, 39 

I.R Data: vm,,[NaCI](cm") : 3286 (O-H stretching), 2939, 2837 (C-H stretching of the 

aldehyde group), 1671 (C~O stretching), 1608, 15 13 (C~C 

stretching of the aromatic ring), 12 14, 1113 (C-O 

stretching) 

The lH and l3C NMR data are presented in Table 5 in chapter 3 

4.2.1.6 Physical data for compound 6, 2,6-dimcthoxy-t,4-bcnzoquinone 

Name: 2,6-dimethoxy-1 ,4-benzoquinone 

Yield: 2 mg 

The mixture of this compound with syringaldehydc eluted with 75 % dichloromethane in 

hexanc 

Mass spectrum: LRMS : [M+] at m/z 168, C,H,O, requires 168. 12 glmol 

ElMS: m/z: 168, 138, 125, 11 2,97, 81, 69,53,4 1 

The 1 H and DC data are presented in Table 6 in chapter 3 
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4.2.2 EXTRACTION OF LlGNOSULPHONATES FROM THE CALCIUM -

SPENT LIQUOR EFFLUENT STREAM 

A sample of calci um - spent liquor was extracted with chlorofonn to remove the organic 

components. A conduClometric titration was carried out on the aqueous portion to 

determine the concentration of sulphonic acid groups), This was carried out using a 

Microprocessor Conductivity meter LF 320 al room temperature with a TetraCon 325 

conduc ti vity electrode having a cell constant of 1.000 cm-I, The instrument was 

cal ibrated with the standard provided which had a conductivity of 3. 15 mS/cm at a ce ll 

constant of 1.000 cm-I . The conductivity of deioniscd waler was determined as 0.00 

mS/cm at a cell constant of 1.000 cm-l , 

The conducti vity titration was carried out on a sample (mass = 50.04 g) with a 0.1 

mol/dill) solution of NaOH). The results were plotted on a graph shown in Graph I in 

Appendix B, Page 224, and the sulphonic acid content was determined to be 3.997 x ro-5 

mol/g. The relevant calculations are shown in Appendix B, Page 225. This value was 

used to detemline the equivalent number of moles of dodccylamine to be used. 

Extraction procedure4
,5: 

An ion exchanger was prepared by mi xing 1 M He l with a solution of dodecyl am me 

made up in butanol. The top layer of the ion exchanger (mass = 100.24g) was mixed 

with the spent liquor (actual mass = 78.2 1 g) for 30 minutes wi th continuous stirring at a 

temperature of 50 - 58° C. The sample was a llowed to separate in a separating flask for 2 

hours at this temperature and thereafter the organic layer was removed. 

Lignin-SOi lf' + R,R,R,NH Cl -> Lignin-SO, N"'H R,R, R, + HCl 
(complex) 
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The organic layer was adjusted to pH 9 using a I M solution of NaOH and universal 

indicator paper and allowed to separate over 24 hours whilst the temperature was 

maintained at 50 - 60° C. 

Lignin-SOJ~+H R,R,RJ + NaOH (or other alkali) --> Lignin-SO,Na + NR,R,R, + H,O 

Where RI. R2, R3 are hydrogen or alkyl groups 

The aqueous laycr (bottom laycr) was washed twicc with butanol to remove as much of 

the amine as possible. The aqueous layer was evaporated on a BUCHI Rotavapor, which 

gave a creamy coloured precipitate (mass = 3.286 g). 

Sodium fusion test to test for the presence of sulphur6
: 

A small portion of the precipitate (-40 mg) was introduced into a short hard-glass test­

tube and a small piece of metallic sodium was added to it. The contents of the test-tube 

were carefully heated over a bunsen flame until the product was fully roasted. The hot 

glass tube was then immediately plunged into another larger test-tube containing about 10 

ml of deionised water, maintaining it at a 45° angle position at all times. The vigorous 

reaction causes the inner glass tube to fracture and the excess sodium to react with the 

water. The contents of the larger test-tube were filtered and the filtrate tested for the 

presence of sulphur. This was done by dissolving a few crystals of sodium nitroprusside, 

Na,[Fc(CN),NOj.2H,O, in water and adding it to the filtrate. The filtrate turned a purple 

colour indicative of the presence of sulphur. A control sample of aniline sulphate was 

used as a check for the correct purple colour. 

I.R Data: vmu[NaClj(cm·'): 3394 (O-H stretching), 1603, 1402 (C=C stretchingofthe 

aromatic ring), 1208 (sulphonic acid groups), 1111, 1043 

(presence of sugar or polysaccharide moieties) 

UY : Am" (nm) [water): 210,280 
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All other analyses were carried oul as described in the foreword to the experimental. 

4.2.3 ANALYSIS OF CARBOHYDRATES 

The u lLra-vio lct adsorption spectra were obtained on a Varian Cary I E double beam UV­

visible spectrophotometer, serial number 9507 11 36. All spectra were run in water using 

matched glass cuveUes. The instrument was zcroed using the blanks prepared. 

4.2.3.1 Analysis of hexose 7 

Three glucose standards having concentrations of 0.10 mg/ml 0.25 mg/ml and 0.35 

mg/ml were prepared in deionised wate r. A I 1111 sample from each of the aqueous 

portions of the effluent streams (calcium and magnesium stream samples were diluted 

400 x and 20 x respectively and the bleaching streams were not di luted) were transferred 

to individual nasks. Each sample was mixed with I 1111 of phenol solution (5 % w/v). 

Concentrated sul phuric ac id (5 1111) was rapidly added direct ly to each of the samples 

without touching the s ides of the glass. The samples were left undisturbed for 10 minutes 

and thereafter vigorously shaken. The absorbanccs of the samples were detennined at 

490 nm after 30 minutes. The standards were subjected to the same preparation 

procedures and a blank was prepared usi ng the same preparation procedure with I ml of 

deionised wate r in place of lhe volume of the sample. 

4.2.3.2 A nalysis of pcntose7 

A range of xylose standards from 0.05 mg/ml to 0.35 mg/ml were prepared in deionised 

water. A I ml volume of samples from the aqueous portions of the different effluent 

streams (calcium and magnes ium stream samples were diluted 200 x and 10 x 

respective ly and the bleaching streams were not diluted) were transferred to individual 

flasks. The samples were mixed with 1 ml of trichloroacetic acid solution in water (10 % 

w/v) and heated at 100° C for fifteen minutes. The samples were rapidly cooled in a 

water-bath and 6 ml ofa solution of ferr ic ammonium sulphate (1.15 % w/v) and orcinol 
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(0.2 % w/v) made up in 9.6 M of HCl, were added to each sample. The samples were 

thorough ly shaken and reheated at 100° C for 20 minutes. The absorbances of the 

samples were determined a t 660 nm once they had cooled to room temperature. The 

standards and a blank were prepared in the same manner described above with the blank 

contain ing I rnl of dcionised water in place of the sample. 

4.2.4 ANALYSIS OF THE WAX BALLS 

A small quantity of the wax balls ( ...... 50 mg) was dissol ved in dich loromcthane and filtered 

under gravi ty to remove any dust particles and insoluble materi als. The solution was then 

au to injected onto a HP5-MS column in the GC/MS. The sample was introduced using a 

I uL au to injection system with I : 75 spl it. The starting temperature was 50° C held for 

two minutes, then the tempera tu re was increased at 20° C per minute to 300° C held for 

two minutes. Low - resolution mass spectromctry was carried out on an Agilcnt 5973 

mass spectrometcr connected to a 6890 Gc. 

Palm itic acid : major component (65 %) 

Mass spectrum : LRMS : [M+] at lIl/z 256, C16H" O, requires 256.46 g/mol 

ElMS: m/z: 256, 213,185,157,129, 97,73 , 60,43 

Pentadecanoic acid: (5.62 %) 

Mass spectrum: LRMS : [M+] at mlz 242, C I5 H)o0 2 requ ires 242.43 glmol 

ElMS: m/z : 242, 199, 185, 17 1, 157, 143, 129, 11 5, 97,73,60,43 

2-hydroxy-cyclopentadecanone : (4.09 %) 

Mass spectrum: LRMS : [M+] at m/z 240, C15H180 , requires 240.41 g/mo1 

ElMS: m/z : 240, 222,180,151,138, 123, 11 0, 97,83,69,55,41 

Palmiti c acid methyl ester: (3.24 %) 

Mass spectrum : LRMS : [M+] at mlz 270, C 17 H)40 Z requires 270.49 glmol 

ElMS: mlz : 270, 239, 227, 199, 185, 17 1, 143, 129,87,74,43 
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Myristic acid: (2.63 %) 

Mass spectrum: LRMS : [M+j at mlz 228, C14H"O, requires 228.40 glmol 

ElMS: mlz: 228, 185, 17 1, 157, 143, 129, 11 5,97,83,73,60,43 

1.2.3.4-tcLrahydro- I,6-dimethyl-4-( I-methylethyl)-naphthalene : (1.89 %) 

Mass spectrum : LRMS : [M+j at mlz 202, C"H" requires 202.37 glmol 

ElMS : mlz: 202, 159, 144,129, 10577,4 1 

Dodecanoic ac id : (trace amounts) 

Mass spectrum : LRMS : [M+j at mlz 200, C12H"O, requires 200.34 glmol 

EIM S:m1z:200, 183,157, 143, 129, 115, 10 I,73, 60,43 

n-hexadecanoic acid: (trace amounts) 

Mass spectrum: LRMS : [MJ at mlz 256, C'6H" O, requires 256.46 glmol 

ElMS: mlz : 256, 227, 213, 185, 171, 157, 129, 95, 8 1, 73, 55, 40 

7, l O-octadecadienoic acid, methyl ester (trace amounts) 

Mass spectrum : LRMS : [M+j at mlz 294, C"H"O, requires 294.51 glmol 

ElMS: mlz: 294, 263 , 220, 178, 164, ISO, 136, 123, 109, 95,81, 

67,55, 41 

1,6-dimethyl-4-( I-methylethyl)-naphthalene : (1.03 %) 

Mass spectrum : LRMS: [M+j at mlz 198, C"H" requires 198.33 glmol 

ElMS: mlz: 198, 183, 188, 153, 141 , 128, 11 5,83,63, 
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4.3 ANALYS IS OF THE MAGNESIUM CON DENSATE - GENERAL SAMPLING 

AND ORGANIC EXTRACTION PROCEDURES 

The magnesium emucnt is burned to recover the MgO but during the burning process, 

some of the gases condense to form a colourless magnesium condensate, which goes to 

the emucnl drain. Some or lhis condensate is used as wash water duri ng the washing and 

screening stage giving it a redd ish - brown colour. A sample of the magnesium 

condensate, which had been used during washing, was collected in the same manner as 

described for sampling of the calcium - spellt liquor. The temperature of the sample was 

between 85° C and 100° C and had an acid pH . 

A three litre sample of the cooled magnesium condensate sample was extracted with 7.5 

L of ch lorofoml, in portions, using a 6 L separa ting nask. The organ ic extract was 

neutralised with a sa turated solution of NaHCO) usi ng uni versa l indicator paper. The 

neutralised organic portions were evaporated using a SUCHI Rotavapor. 

4.3.1 PHYSI CAL DATA 

Mass of organic extract = 0.530 g 

4.3.1.1 Physical data for compound 7, vanillin 

Name: 4-hydroxy-3-melhoxybenzaldehydc (commonly known as vanillin) 

Yield: 4 mg 

Physical data : white amorphous substance with a characteristic vanillin smell 

Separation was achieved using a preparative plate as discussed in the foreword to the 

experimenta l. The preparative plate was developed in 5 % methanol in dichloromethane. 

I.R Data : v",,,[NaCI](cm"): 32 15 (O-H stretching), 2860, 2734 (C-H stretching of the 

aldehyde group), 1671 (C=O stretching), 1591, 15 17 (C=C 

stretching of the aromatic ring), 1156 (C-O stretching) 
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'H NMR data: OH (ppm) (CDCI" 300 'MHz) 

9.82 (IH, s, CJiO), 7.56 (2H, m, H-2, H-6), 6.97 (IH, d, H-5), 6.21 ( IH, s, OH), 3.93 

(3H, s, OCI:L) 

4.3.1.2 Physical data for compound 1, meso - syringarcsinol 

Name: mesa - syringarcs ino l 

Y ieJd : Iignan mixture = 18 mg 

Phys ical Description: pale ye llow to brown amorphous substance 
• 

[o.]DlS~O 

Eluted as a mixture of isomers with 10% ethyl acetate in dichloromethane. 

Mass spectrum : LRMS : [M+] at ",Iz 418, C22H'60, requires 418.40 glmol 

ElMS: ",Iz: 418, 235, 210,181,167,161,154,140,123,105,77 

I.R Data: vm,,[NaCI](cn'-'): 3420 (O-H stretching) , 2932, 2851 (aliphatic C-H 

stretching), 1624, 151 8 (C~C stretching of the aromatic 

ring), 1332 (syringyl breathing), 1116 (C-O stretching 

IH and DC NMR data are presented in Table 1 in chapter 3 

4.3.1.3 Physical data for compound 2, cpisyringaresinol 

Name: cpisyringarcs inol 

Yield: lignan mixture = 18 rng 

Physical description : yellow to brown amorphous substance 

[CL]DlSo~+ 107° : Iil.+ 127°' 

Mixture of syringares inol isomers eluted with 10 % ethyl acetate in dichloromethane 

Mass spectrum : LRMS : [M+] at mlz 41 8, C22H"O, requires 418.40 glmol 

ElMS : mlz: 418, 251, 210,181,167, 161 ,154, 123,93 
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I.R Data: vm,,[NaCI](cm"'): 3420 (O-H stretching), 2947, 2846 (aliphatic C-H 

stretchi ng), 1619, 1528 (C~C stretching of the aromatic 

ring), 1332 (syringyl breathing), 122 1, 1116 (C-O 

stretching) 

The I Hand I3C data arc presented in Tablc 2 in chapter 3 

4.3.1.4 Physical data for compound 3, 3-(4'-hydroxy-3',S'-dimethoxyphenyl)-prop-l-

ene 

Name: 3-(4' -hydroxy-3' ,5'-dimethoxyphenyl)-prop-I-ene 

Yield: 25 mg 

Physical Description: yellow to brown amorphous substance 

Separat ion was achieved us ing a preparative plate as discussed in the foreword to the 

experimental. The preparative plate was developed in a three solvent system made up of 

56 % hexanc, 38 % dichloromethane and 6 % methanol. 

Mass spectrum : LRMS : [M+] at III/ Z 194, Cll H140, requires 194.22 g/mol 

ElMS: III/Z: 194, 179, 167, 147, 13 1, 119,91,77,65,53,39 

I.R Data: vm,,[NaCI](cm"'): 3427 (O-H stretching), 2923, 2859 (C-H aliphatic 

stretching), 1674 (unsaturated C~C stretching), 1596 (C~C 

stretching of the aromatic ring), 1336 (syringyl breathing), 

1219, 11 26 (C-O stretching) 

The I H and J3C NMR data are presented in Table 3 in chapter 3 

4.3.1.5 Physical data for compound 6, 2,6-dimethoxy-l ,4-benzoquinone 

Name: 2.6-dimethoxy-l ,4-benzoquinone 

Yield: 2 mg 

108 



The mixture of thi s compound with syringaldehyde eluted with 100 % dichloromethane. 

Mass spectrum: LRMS : [M+] at mlz 168, C,H,O, requires 168.12 glmol 

ElMS: mlz: 168,138,125,112,97,81,69,53,41 

The 1 Hand 13C data arc presented in Table 6 in ehapler 3 
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4.4 ANALYSIS OF THE 0,- STAGE BLEACHING EFFLUENT - GENERAL 

SAMPLING AND ORGANIC EXTRACTION PROCEDURES 

A five litre sample of the 02 - stage bleaching effluent was taken from the waste liquor 

going to the efnuent drain after the pulp had been filtered. The sampling container was 

first rinsed with the sample to be taken and thereafter the container was filled. The 

sample had a much lighter colour than the calcium and magnesium samples and had a 

neutral pH. Its temperature was between 75° C and 90° C. 

A four litre sample of the cooled O2 - stage bleaching effiuent was extracted with 

approximately twelve litres of chloroform, in portions, using a 6L separating flask. The 

organic extract did not require neutralisation as it had a neutral pH. The organic extract 

was evaporated using a SUCH] Rotavapor. 

4.4.1 PHYSICAL DATA 

Mass of organic extract = 0.397 g 

4.4.1.1 Physical data for compound 8, P-sitostcrol 

Name: [3-sitosterol 

Yield: 22 mg 

Physical Description: white crystalline material 

Melting Point: 137-140° C: lit. 141°C' 

Eluted with 50 % dichloromethane in hexane 

I.R Data: vm,,[NaCI)(cm"): 3379 (O-H stretching) , 2932, 2863 (aliphatic C-H 

stretching). 1474, 1385 (CH, and CH) bending), 1051 (C-O 

stretching) 
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'H NMR data: DH (ppm) (CDCI" 300 MHz) 

5.32 ( IH , H-6), 3.50 (IH, m, H-3), 0.99 (3H, s, H-19), 0.91 (3H, d, J ~ 6.4Hz, H-21), 

0.S2 (3H, t, J ~ 7.2Hz, H-29), O.SO (3H, d, J ~ 7.9Hz, H-26), 0.78 (3H, d, J ~7.IHz, H-

27),0.66 (3H, s, H-IS) 

"c NMR data: Dc (ppm) (CDCI" 300MHz) 

140.9 (C-5), 121.9 (C-6), 72.0 (C-3), 56.9 (C-14), 56.2 (C-17), 50.3 (C-9), 46.0 (C-24), 

42.7 (C-4), 42.5 (C-I3), 39.9 (C-12), 37.4 (C-I ), 36.7 (C- IO), 36.3 (C-20), 34.1 (C-22), 

32.1 (C-S), 31.S (C-2), 29.9 (C-7), 29.3 (C-25), 2S.4 (C-16), 26.2 (C-23), 24.5 (C-15), 

23.2 (C-2S), 21.3 (C- II) , 20.0 (C-26), 19.6 (C-19), 19.2 (C-27), IS.9 (C-21), 12.2 (C-29), 

12.0 (C- IS) 

4.4.1.2 Physical data for compound 9, hexadecanoic acid 

Name: Hexadecanoic acid (commonly known as palmitic acid) 

Yield: 15 mg 

Physical Description: pale yellow amorphous substance with a wax-like appearance 

Eluted with 30 % ethyl acetate in dichloromethane 

Mass spectrum: LRMS : [M+] at mlz 256, C16H120, requires 256.46 glmol 

ElMS: mlz: 256,213, IS5 , 157, 129, 101 ,73,43 

I.R Data: vm,,[NaCI](cm" ): 2923, 2S47 (alipbatic C-H stretching), 1712 (C~O 

stretching), 1470 (CH, bending) 

'H NMR data: 0" (ppm) (CDCI" 300 MHz) 

2.32 (2H, t, H-2), 1.61 (2H, m, H-1S), 1.23 (12H, 12 x CH,), 0.S6 (3H, t, H-16) 

"c NMR data: Dc (ppm) (CDCI" 300MHz) 

179.3 (l:OOH), 33.9 (C-2), 32.5 (l:H, ), 31.9 (l:H,), 29.7 (3 x l:H,), 29.6, 29.4, 29.4, 

293,29.1,29.0,24.7 (7 x l:H,), 22.7 (C-1S), 14.1 (l:H,) 
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4.4.1.3 Physical data for compound 5, syringaldehyde 

Name: 4-hydroxy-3,5-dimethoxybenzaldehyde (commonly known as syringaldehyde) 

Yield: 10 mg 

Physical Description: yellow crystalline solid 

Melting point: 108_ 110° C: lit. 113_114° C' 

Eluted with 100 % dichloromethane 

Mass spectrum: LRMS : [M+] at mlz 182, C,H ,004 requires 182. 15 glmol 

ElMS: mlz: 182, 181, 167, 153, 139, 123, 111,96,79,65,51 ,39 

I.R Data: vm,,[NaCI](cm·'): 3286 (O-H stretching), 2939, 2837 (C-H stretching of the 

aldehyde group) , 1671 (C~O stretching), 1608, 1513 (C~C 

stretching of the aromatic ring), 1214, 1113 (C-O 

stretching) 

The I H and DC NMR data are presented in Table 5 in chapter 3 
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4.5 ANALYSIS OF THE E, - STAGE BLEACHING EFFLUENT - GENERAL 

SAMI'L1NG AND ORGANIC EXTRACTION PROCEDURES 

A five litre sample of the Ez - stage bleaching efflu ent was taken from the waste liquor 

going to the effluent drain after the pulp had been filtered. The sampling procedure was 

carried out in the same manner as described for the sampling of the O2 ~ stage bleaching 

effluent. This sample was very much lighter in colour than the 02 - stage bleaching 

effluent as most of the unwanted materials had been removed in the previous bleaching 

and washing stages. The sample had a neutral pH and a temperature between 75° C and 

90°C. 

A four litre sample of the cooled Ez - stage bleaching emuent was extracted with 

approximately twelve litres of chlorofonn, in portions, using a 6 L separating flask. The 

organic extract did not require neutrali sation as it had a neutral pH. The organic extract 

was evaporated using a BUCHl Rotavapor. 

4.5.1 PHYSICAL DATA 

Mass of organic extract = 1.145 g 

4.5.1.1 Physical data of compound 10, 9,12-octadecadienoic acid 

Name: 9, 12-0ctadecadienoic acid (commonly known as linoleic acid) 

Yield: 2 mg 

Physical Description: pale yellow amorphous substance 

Compound 10 eluted with 20 % ethyl acetate made up in dichloromethane 

Mass spectrum: LRMS : [M+] at m/z 280, C"H"O, requires 280.48 glmol 

ElMS: m/z: 280, 262, 178, 150, 123, 11 0,95,81,67,55,41 

'H NMR data: OH (ppm) (CDe!" 300 MHz) 
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5.39 (4H, m, H-9, H-IO, H-12, H-13), 2.32 (2H, m, H-2), 1.58 (2H, m, H-17), 1.25 (14H, 

H-3-7, H-15 , H-16), 0.85 (3H, m, H-18) 

4.5.1.2 Physical data for compound 8, sitosterol 

Name: J3-s itosterol 

Yield : 17 mg 

Physical Description: white crystalline material 

Melting Point : 137_140° C: lit. 141 °C' 

Eluted with 50 % dichloromethane in hexane 

l.R Data : v",,[NaCI](cm" ): 3379 (O-H stretching), 2932, 2863 (aliphatic C-H 

stretching), 1474, 1385 (CH, and CH, bending), 1051 (C-O 

stretching) 

'H NMR data: 8H (ppm) (CDC!" 300 MHz) 

5.32 (IH, H-6), 3.50 (IH, m, H-3), 0.99 (3H, s, H-19), 0.91 (3H, d, J = 6.4Hz, H-21), 

0.82 (3H, t, J = 7.2Hz, H-29), 0.80 (3H, d, J = 7.9Hz, H-26), 0.78 (3H , d, J =7. 1 Hz, H-

27), 0.66 (3H, s, H-IS) 

J3C NMR data: 8c (ppm) (CDCI" 300MHz) 

140.9 (C-5), 121.9 (C-6), 72.0 (C-3), 56.9 (C-14), 56.2 (C-17), 50.3 (C-9), 46.0 (C-24), 

42.7 (C-4), 42.5 (C- I3), 39.9 (C-12), 37.4 (C-I), 36.7 (C-IO), 36.3 (C-20), 34.1 (C-22), 

32 .1 (C-8) , 31.S (C-2), 29.9 (C-7), 29.3 (C-25), 28.4 (C-16), 26.2 (C-23), 24.5 (C-15), 

23.2 (C-2S), 21.3 (C-II), 20.0 (C-26), 19.6 (C-19), 19.2 (C-27), IS.9 (C-21), 12.2 (C-29), 

12.0 (C- IS) 

4.5.1.3 Physical data for compound 5, syringaldchydc 

Name: 4-hydroxy-3,5-dimethoxybenzaldehyde (commonly known as syringaldehyde) 

Yield: < 2 mg 

114 



Physical Description: yellow crystalline so lid 

Melting point: 108- 110° C : lit. 113_ 11 4° C' 

Eluted wi th 100 % dichloromethane 

Mass spectrum : LRMS : [M+] at mlz 182, C,H J004 requires 182.15 gimol 

ElMS: mlz: 182, 181, 167, 153, 139, 123, 111 , 96,79,65,5 1,39 

I.R Data: vm,,[NaCI](cm") : 3286 (O-H stretching) , 2939, 2837 (C-H stretching of the 

aldehyde group), 167 1 (C~O stretching), 1608, 1513 (C~C 

stretching of the aromatic ring), 1214, I I 13 (C-O 

stretching) 

The 1 Hand 13C NMR data are presented in Table 5 in chapter 3 
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CHAPTER 5: CONCLUSION 

The four streams of effluent, namely, the calcium - spcnt liquor, magnesium condensate, 

O2 - stage bleaching stream and the E2 - stage bleaching stream were analysed 

individually using various techniques. The organic components were extracted and 

subjected to column chromatography resulting in the isolation and identification of the 

major components. These make up approximately 20 % of the compounds present in 

each of the effiucnt streams and account for the bulk oftbe mass. The remaining organic 

extract was found to contain a large number of minor constituents that had broken down 

during the pulping process and were difficult to isolate in appreciable quantities. 

The organic extract of the calcium - spent liquor was found to contain lignans and lignin 

precursors. The major constituents were two isomers of the lignan, syringaresinol (0.400 

glL). Other compounds identified were 3-(4'-hydroxy-3',5'-dimethoxyphenyl)-prop-1-ene 

(0.020 glL), 2,6-dimethoxy-1,4-benzoquinone (0.0030 glL), 3-(4-'hydroxy-3',5'­

dimethoxyphenyl)-1-hydroxy-propane-2-one (0.010 glL) and syringaldehyde (0.010 gIL). 

All the compounds isolated are found to be widespread in wood and pulp liquors, for 

example, sulphite liquor and are common degradation products oflignin. 

Syringaldehyde has a reported LD50 of 1000 mglkgl. 2,6-Dimethoxy-I,4-benzoquinone 

has also been found to cause dermatitis and has mutagenic properties I. 

An attempt was made to extract the lignosulphonatcs from the aqueous phase. However, 

the extraction of pure Iignosulphonates proved difficult and a mixture including sugars 

was obtained (w/w% = 4.2 %). NMR, infrared and UV spectroscopy were used to 

confirm the crude product extracted. Isolation ofpurc lignosulphonates will require morc 

time and the use of tcchniques such as HPLC and ion exchange chromatography. 

The calcium - spent liquor contained a residue concentrate of approximately 0.72 g/L. X­

ray diffraction studies carried out on the sample revcaled two forms of calcium sulphate, 
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that of gypsum (CaS04.2H,O) and the hemihydrate form more commonly known as 

Plaster of Pari s (CaS04.0.5H,O). 

A sample of wax balls was obtained from the calcium - spent liquor at the point where 

the condensed gases from an evaporation process collect. An analysis using gas 

chromatography/mass spectrornetry showed that the sample contained a mixture of fatty 

acids and their derivati ves. The major constituent was palmitic acid (65 %). These wax 

balls are also found in the magnesium - puJping section and would probably have a 

similar composition, however, nonc were available for analysis during the project. 

The magnesium condensate organic extract was found to contain Iignans and lignin 

precursors. Here again , the major constituents were the two syringares inol isomers 

(0.0 17 glL). The lignin precursors identified were 3-(4'-hydroxy-3',5'-dimethoxyphenyl)­

prop- I-ene (0.0 12 glL) and 2,6-dimethoxy- I,4-benzoquinone (0.0033 glL). In addition to 

this, a minor amount of vanillin (0.0016 glL) was iso lated, which had not been isolated 

from the ca lcium - spent liquor. In tenns of hazard and toxicity of the compounds 

iso lated, vanillin is reported to have a LDso of 1580 mg/kg in rats and has reproductive 

effects l
, 

The two bleaching stages contained similar types of compounds. The organic extract of 

the 0, - stage was found to contain sitosterol (0.0075 glL) and palmitic acid (0.0088 glL) 

as its major consti tuent as well as syringaldehyde (0.0030 glL). The reported LDso of 

palmitic ac id is 57 mglkg and behaves as a skin irritant1
, 

The E2 - s tage organic extract was also found to contain sitosterol (0.0043 g/L) as its 

major constituent as well as syringaldehyde «0.0010 glL) and linoleic acid «0.0010 

gIL). Linoleic acid is also reported to behave as a skin irritant and causes gastrointestinal 

effects if ingested I, 

Based on average plant effluent flowrates obtained from plant personnel , the quantity o f 

these compounds passing oul to the effluent holding s ite was determined: 
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Ca - spent Iiquor - flowratc2 - 75 mJ/hourt 

Syringaresinol mixture - 30 kg/hourt 

3-(4'-hydroxy-3',5'-dimcthoxyphenyl)-prop- l -cne - 1.50 kglhour 

2,6-dimethoxy- 1 ,4-benzoquinone - 0.23 kg/hour 

3-(4'-hydroxy-3',5'-dimethoxyphenyl)- I-hydroxy-propane-2-one - 0.75 kg/hour 

syringaldehydc - 0.75 kg/hour 

Mg condensate - flowrate2 
- 170 mJ/hour 

Syringaresinol mixture - 2.83 kg/hour 

3-(4'-hydroxy-3',5'-dimethoxyphenyl)-prop-l-ene - 1.98 kg/hour 

2,6-dimethoxy-1 ,4-benzoquinone - 0.567 kg/hour 

vanillin -- 0.283 kglhour 

01- stage bleaching effluent - flowrate1
- 160 mJ/hour 

Sitosterol- 1.20 kg/hour 

Palmitic acid -- 1.40 kglhour 

Syringaldehyde - 0.480 kg/hour 

E2 - stage bleaching effluent - flowrate2 
-- 160 mJ/hour 

Sitosterol - 0.680 kg/hour 

Linoleic acid - 0.080 kg/hour 

Syringaldehyde - 0.080 kg/hour 

I The flowrate quoted above is, at present, the remaining 60 % of the effiuent that is pumped to the main 
effiucnt drain. It is s till much lower than the magnesium section as it is presently not functioning at its 
maximum capacity. The flowrales have been eonfinncd by John Thubron from SAPPI SAICCOR. 
: This value appears very high. Further quantification oflh is over a period of time is needed to confinn the 
amount of lignan mixture being sent to the effluent holding site. 
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The carbohydrate content was determined for all four streams of effluent and the results 

are shown in Table 13. The samples were analysed for hexose based on glucose and 

pentose based on xylose). The calcium - spent liquor has the highest concentration of 

hexose and pentose and the 02 - stage bleaching effluent has the lowest concentration of 

hexose and pentose. The quantities of hexose and pentose going to the effiuent holding 

site are based on the flowrates given on pagell9. 

TABLE 13: Carbohydrate content of the four streams of effluent 

Effluent stream Concentration Quantity of hexose Concentration Quantity of pcntosc 

of hexose (g/l) going to effluent of pen lose (gll) going to effluent 

holding site (kglhr) t holding site (kglhr): 

Ca· spent liquor 49.3 3697.5 49.8 3735 

Mg condensate 3. 11 528.7 2.75 467.5 

O2 • stage bleaching effiuent 0. 146 23.4 0. 171 27.4 

E2 • stage bleaching effluent 0.167 26.7 0.200 32.0 

The aim of this project was to characterise SAPPI SAICCOR's effluent with the intention 

of extracting the commercially viable components, so as, to reduce the amount of effluent 

being pumped out to sea. This project has focussed on the neutral organic components 

present in the efiluent and more specifically those extractable with chloroform. The 

complete characterisation of the effluent has therefore, by no means been fully achieved 

as there are many more aspects to be studied, which was considered beyond the scope of 

this thesis. Further studies based on other solvent extractions as well as extractions at 

different pH values should be carried out in order to obtain a more complete 

characterisation of the tota l organic content. A more in - depth study is also required of 

the water - soluble components. 

t At present, the plant produces 40 tlhr of pulp from 140 tlhr ofwood2
. Thus, 100 tlhr of effluent is 

produced. The combined percentage of hexose from all the steams of effluent is 4.3 %, which is realistic 
based on the present capacity and flowrates of the plant. 
I Similarly, the combined percentage of pen to se in the effiuent is also 4.3 %. 
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The investigations presented in this thesis should also be repeated over a period of time to 

dctcnnine a more accurate quantification of the components present. This is important if 

the eommcrcially viable components are to be extracted. Furthcnnorc, an in vest igation 

of the possible commercial uses of the major components found should be undertaken 

together wi th a fina ncial study. In particular, the commercial uses for syr ingaresinol 

should be undertaken as it is the major constituent of both the calcium and magnesium 

streams. A study of the commercial uses of carbohydrates is also advisable as it makes ­

up a large proportlon of the cmuent. 

A study of possible extraction procedures of the major components should be carried out 

in collaborat ion with chemical engineering personnel. Pilot studies on a laboratory scale 

should first bc altempted before plant trials are undertaken to fully establish the feasiblity 

of the extraction procedures. 
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Data File D,\BRENDA\CRUDEWAX.D Vial: 22 
Acq On 4 Apr 2001 15 , 39 
Sample Crude Wax Inst Instrumen 
Misc 1ul inject, 1,75 split, MeC12, 20dpm Multiplr: 1. 00 

Sample Amount:· 0.00 
MS Integration Params: autoint1.e 

Method C , \MSDCHEM\l\METHODS\NEW.M (Chemstation Integrator) 
Title 

Signal TIC 

peak R.T. first max last PK peak corr . corr. % of 
U min scan scan scan TY height area % max. total 

- - - -- - - - -- ------- ------- ----- - ---- ---
1 8.562 755 763 778 VV 3 255779 5071498 0.34% 0.221% 
2 8.732 778 792 800 VV 2 176872 2954736 0.20% 0.129% 
3 8.803 800 804 808 PV 91551 1145595 0.08% 0 .05 0% 
4 8.879 808 817 ' 823 VV 3468683 43411803 2.91% 1.892% 
5 8.956 823 830 836 VV 2 1594335 25912763 1 .74% 1.129% 

6 9.014 836 840 852 VV 937853 12883368 0.86% 0.561% , 9.161 852 865 873 VV 6 106523 3830047 0.26% 0.167% 
d 9.255 873 881 886 VV 438074 5854047 0.39% 0.255% 
9 9.373 886 901 913 VV 2 230055 3948493 0.26% 0.172% 

10 9.578 930 936 943 VV 195599 2560001 0.17% 0 . 112% 

11 9.802 ~43 974 981 VV 1806728 23536685 1 . 58% 1 . 026% 
12 9.907 981 992 1001 VV 263864 3379219 0.23% 0.147% 
13 10.107 1016 1026 1048 VV 3044552 60370823 4.05% 2.631% 
14 10.319 1048 1062 1067 VV 5 145282 5456119 0.37% 0 . 238% 
15 10.372 1067 1071 1077 VV 462269 6010427 0.40% 0.262% 

16 10.571 1077 1105 1112 VV 2 3630514 93931569 6.30% 4.093% 
17 10.660 1112 1120 1152 VV 5611919 128914105 8.64% 5.618% 
18 10.889 1152 1159 1169 VV 4 257671 10211795 0 . 68% 0 .44 5% 
19 10.977 1169 1174 1183 VV 6338053 74329261 4.98% 3 . 239% 
20 11.288 1183 1227 1275 VV 2 16929180 1491351529 100.00% 64.987% 

21 11.594 1275 1279 1289 VV 6 749826 32339324 2.17% 1.409% 
22 11.852 1289 1323 1352 VV 8 1204307 166339054 11.15% 7.248% 

12.052 1352 1357 1382 VV 7 613434 47064939 3.16% 2.051% 
L4 12.228 1382 1387 1461 VV 1070352 39342324 2.64% 1.714% 
25 13.791 1640 1653 1666 BV 92187 1728763 0 .1 2% 0.075% 

26 17.322 223 1 2254 2268 BV 8 112288 2979731 0.20% 0 .1 30% 

Sum of corrected areas : 2294858017 
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SPECTRUM 76: Infrared spectrum of compound 9, hexadecanoic acid 
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SPECTRUM 81 : Mass spectrum of compound 10, 9,12-ocladecadicnoic acid 
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SPECTRUM 82: IH NMR spectrum of compound 10, 9,12-octadecadienoic acid, in CDCh 
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TABLE 12 : Data for the conductivity titration used to determine the sulphonic acid 
content of th e calcium - spent liquor 

NaOH ml Conductance (mS/cm 
0 26.7 

0.5 26.3 
1 26.1 

1.5 25.7 
2 25.4 

2.5 25 
3 24.6 

3.5 24.3 
4 24 

4.5 23.8 
5 23.5 

5.5 23.2 
6 23 

6.5 22.8 
7 22.6 

7.5 22.4 
8 22.2 

8.5 22.1 
9 21.9 

9.5 21 .8 
10 21.7 

10.5 21.6 
11 21.4 

11 .5 21 .3 
12 21.2 

12.5 21.1 
13 21.1 

13.5 21 
14 20.9 

14.5 20.8 
15 20.7 

15.5 20.7 
16 20.6 

16.5 20.5 
17 20.4 

17.5 20.3 
18 20.3 

18.5 20.2 
19 20.2 

19.5 20.1 
20 20.1 

20.5 20 
21 20 

21 .5 19.9 
22 19.8 

22.5 19.8 
23 19.8 

23.5 19.7 
24 19.7 

24.5 19.6 
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NaOH (mJ Conductance (mS/cm) 
25 19.6 

25.5 19.5 
26 19.5 

26.5 19.4 
27 19.4 

27.5 19.4 
28 19.3 

28.5 19.3 
29 19.3 

29.5 19.2 
30 19.2 

30.5 19.2 
31 19.1 

31.5 19.1 
32 19.1 

32.5 19 
33 19 

33.5 19 
34.2 19 
34.5 18.9 
35 18.9 

35.7 18.9 
36 18.9 

36.5 18.9 
37 18.8 

37.5 18.8 
38 18.8 

38.6 18.8 
39 18.8 

39.5 18.7 
40 18.7 

40.5 18.7 
41 18.7 

41 .5 18.7 
42 18.7 

42.5 18.6 
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GRAPH 1: Graph of conductance (mS/cm) vs volume 
of NaOH (ml) 
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Sulphonic acid content calculations 

Mass of sample = 50.04 g 
Temperature 20.7' C - 22.2'c 

From the graph, the inflection point is approximately 20011 ofNaOH. 

Number of moles ofNaOH = concentration x volume 
= 0.100 moUdm' x (20 x 10-' dm' ) 
= 0.0020 mol 

no. of moles NaOH : no. of moles sulphonic acid groups is I : 

therefore, no. of moles of sulphonic acid = 0.0020 mol 

sulphonic acid content = 0.0020 mol / 50.04 g 
= 3.997 X 10-5 moUg 

A 20 % dodecylamine in butanol mixture was made up dissolving 20 g dodecylamine in 
100 g butanol. 

Molar mass of dodecylamine = 185.35 glmol 
No. of moles in I g of dodecylamine = (I g x I mol) / 185 .3 5 g 

= 5.395 X 10-' mol 

Now there is 3.997 x 1O-5 rnoies sulphonic acid in 1 g of sample. But equivalent no. of 
moles as dodecylamine is required, that is 5.395 x 10') mol. 

Mass of sample that contains equivalent no. of moles of dodecyJamine 
= (5.395 x 10-' mol x I g) / 3.997 X 10-5 mol 
= 134.98g 

In order to have excess amine, it was assumed that the amount of sulphonic acid groups 
was higher than that shown on the graph, that is, 35ml instead of 20ml. 

Sulphonic acid content = 0.100 moUdm' x (35 x 10-' dm') / 50.04 g 
= 6.994 x 10-' moUg 

Based on the above ca lculations, 

mass of sample to be taken = (5.395 x 10-' mol x I g) / 6.994 X 10-5 mol 
= 77.13g 

Therefore, 77.13 g of spent liquor was mixed with 100 g of 20 % dodecylamine in 
butanol mixture. 
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