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Abstract 

Raw fuel-grade peat was treated with a surfactant, one of 

three inorganic salts or one of three cationic polymers. The 

pretreated peat was then pressed to determine the effect of 

these additives on water removal. Pressed peat samples treated 

with these compounds were resuspended in water and the weight 

percent of particles settled after one hour was measured. This 

data was correlated with the water removal data and provided 

insight into the effect of each additive on peat dewatering. 

Using a batch heating system, raw peat was heated to tempe­

ratures below 200C before mechanical dewatering. Variations 

were made in heat up time, residence time and holding tempera­

ture. After heat treatment, dewatering could be further enhan­

ced by the addition of one of the cationic polymers, chitosan 

hydrochloride. 

The effect of several pretreatment processes on the quality 

of the expressed peat water was monitored. Toxicity tests 

showed that qrowth of microorganisms was uninhibited by the peat 

waters. 

• 
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La tourbe anergatiqua a ate traitaa avac un surfactant, un 

des trois sela inorqaniquea ou des troia polymares de charqa 

La tourbe, praablemant traitaa, a eta comprimea pour 

d · E:?c:\l..l. Des achantillons de tourba comprimes, traites avec 

cas additifs, ont ate suspandus dans l 'aau. 

Apres una heure, le pourcentaga du poids des particulas 

daposees a eta meaure. Les rasultats obtanus ont eta compares 

avec les rasultats d'extraction d'eau donnant plus d'informa­

tion sur 1 'effat de chaque additif sur la deshumificaticn de la 

t.ot.tr-be. 

Utilisant un systems de bain chaud, la tcurbe est chauffee 

a une temperature inferieure a 200C avant la deshumificaticn 

rne~c.mli que. 

thtif!f"rni. qLtes. 

Dea variations cnt ete faites avec des pararnetr-es 

Apres traitament tharmiqua, la dashumificaticn paut etre 

encore plus augmente par 1 'addition da chitcsan hydrcchlcrique. 

un des trois polymeres de charge positive. 

L'effet de plusieurs traitement sur la qu~lite Je 1 'e8u 

de tourbe a ete observes. 

montre que la develcppement da micrcorqanismea r•·• p~H et~ 

~ffecte par l'eau de tourbe. 
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0 1 • Introdl.tcti on 

Peat is a heterogeneous substance derived from plant 

matter in aquatic environments called bogs. Peat is compos~~d 

of inorganic and organic solids and water. 

fraction typically comprises 90% of its weight. When a larga 

portion of the water is removed the solids remaining are • 

potential fl.tel. 

Peat has been burned to generate heat for centuries in 

Ncwthern Eur·ope. Peat derived fuel <PDF> is used in the USSR, 

Ireland and Finland as a boiler feed to generate steam for 

electric power plants and for district heating. It can also be 

converted to synthetic fuels by thermal and/or biological 

processes. However, all of these applications must be preceded 

by a dewatering process. 

1.1. Peat resources and claasification 

Known world peat resources are approximately 420.8 million 

hectares. Peat resources in North America are vast and mostly 

In fact, at present there is absolutely no commer-

cial use of peat for fuel in either the United States or Canada 

<Punwani, 1981). Estimates of peatland rank Canada first with 

170 million hectares. Peat has been identified as the second 

largest recoverable energy source after coal 

States CBettinger et al. 1983>. 

Chemical and physical characteristics cf peat deposits 

vary widely. Properties depend on the type cf plant matt~r 

which has settled in tha beg, the organisms which have aided in 

Jaccmpcsition and the climate. 



c 

The most wid~ly u~ed criterion for cla~sifyinq peat in a 

natural deposit is degree of decomposition. One universally 

accepted method based on humification was developed by the 

Swedish scientist L. von Post in 1926. Useful in the field, 

tha vcn Post scala ranks peat according to the calor of water 

it releases when squeezed and the degree to which tha plant 

remains are identifiable. Peat is ranked in ten categories. 

Hl peat releases almost clear water and the plant remains are 

easily identifiable. Hl~ peat has ne discernable plant 

structure and the wet peat escapes between the fingers when 

squeezed (Cooper et al., 1984) • Table 1.1 shows how the 

elemental analysis of peat samples varies with degree of 

decomposition CFuschman, 198~). 

The U.B. department of agr i CLil ture has developed a 

classification system (1975) which is also based on the degree 

of decomposition. It is actually a ~implified version of the 

von Post scale. There are only three categories: Fibric which 

corresponds to vcn Post Hi to H3, hemic, van Post H4 to H6 

According to Farnham <1981)! for energy applications. 

classification should include caloric value. bulk density, ash 

content, sulfur content and parcant of finaa including ccllcida 

in tha peat material. Kopstein (1980) in discussing the U.S.-

D.O.E. peat program list the following requirements for fual 

i. 
2,. 
~$. 

4. 

':c:mtai n 
rT1Ll$.lit be 
cant.:d n 

at least 185~~ kJ/kg (dry basis) 
1.5 meters or more in thickness 
less than 25% ash by weight (dry) 

cont<..'\i n at least 8~ acres of contiguous peat par 
sqLlare mi 1 e 
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fable 1.1. Variation in elemental composition with deqrua of 
hwni f i c:at.i en. 

H1.wli + i cat i r.1n H1.uni + i c::at ion Humi + i c::.::d: i c:m 

H :L --H.~; 1-16-+fl H9-+i11.ll 

Car·bon (/.) 48-5:3 56-58 59···6::z 

Hydn:lqan (I.) 5. (l)-·6. 1 5. 5-·6. 1 

1\litroqen (/.) (lj. 5-- 1 • (lj 0.8-1.1 

Su1 fur (/.) (l) • 1 -·(l) • 2 0. 1 ···0. ::~~ (1.) • : •• :' .... {() .. ~.:i 
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If the fuel grade peat is to be dewatered mechanically, water 

retention properties are also important. 

Peat may also ba classified on a chronoloqical scala with 

other solid fuels. There is a continuum of coal grades, 

ranging from the oldest, anthracite, which has high fiHed 

carbon, low volatiles and low oxygen content, to peat (often 

r·efer·ec:l tr.:> .as e "yc~ung co,;,~l") wt·1ich is t.ypiHed by hit.:Jtl 

volatiles and oxygen content ( 1::::ohrer, 1985) • 

and anthracite lie sub-butiminous coal, lignites and brown 

coals. Peat is compared to other fuels in table 1.2 CMonenco, 

1981>. 

There are many properties which distinguish peat as a fuel 

from coal. Being 90% water and found in surface deposits, peat 

may be extracted, nondestructively, with floating harvastinq 

aqui. pmt?.nt. Once extracted, post excavation reclamation is 

relatively inexpensive and effective. Many peats have axtreme-

ly low ash content making them more attractive for direct 

combustion in oil fired boiler plants net readily convertible 

t.o coal (l::t:ot1rer, 1981>. Peat is typic•~l.ly lower· :ln ll.~ulft.tr t:.I'HII"l 

coal. This eliminates the need fer expensive fuel desulfuriz-

.:1t.ion processes or pollution c:::ontrol s. Futhermore, the 

higher volatile content of peat makes it a mere attractive 

faedstock for gasification processes. 

1.2. Peat dewatering 

Currant peat dewatering process designs include thraa 

stages. The pretreatment stage entails either heat addition er 

,- chemical addition. The pressing stage removes between 55% and 

85% of the water depending en the nature of the peat and the 
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rab 1 e 1. 2. Properties cf Peat and Related Fuels 

Cc::1r· bon ( '1.) 

Hydrcqen ('l.) 

Sul f ltl'" ( '!. > 

Vo l <:lt:. i l e ( '!.) 

Moist\ .. \l'"tl? <X> 

Hfi.·~ii:lting ValLle* 
(kJ/kg) 

* On • dry basis. 

0.4·-0.6 
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:L ':'I :~; !2l !2l 

Pe.::d: 
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5. 0-6. 
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:l . (2) ..... ··;.• ...... 
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b0-.. 7fll 
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2 1 :~;(l)(l) 
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5 4. ~)- .. ~:;. <::' 
;;;;J 

20-·<30 

~:5 1 '"·2((.) 

,., 
..::. 

1 .. ,. ....... ,: .. 

6-10 

~5 fll-.. ~,) fll 

40 ... e)Ql 

2(l) :l (()0"'" 
2'+.:::;00 

Bi tuml. ··· 
flOLIS 

"!b~ .. /8 

··:r ..::.. .3·-~5. ((.) 

2. 8-·1 1 . :::: . 
~.::~ .. !::!-- .L . ~:2 

:l ..... ::::; 

4-J.(l) 

:l0--··50 

.~~;-t:J 

:,:~ f:3 ~) (() (l.) ''"' 
.:~; .$ ! I(Jid 
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effectiveness of the pretreatment. Finally, the desired mois-

ture content, usually less than 50% for peat fuel, is obtained 

by thermal drying. 

The most energy intensive step is the last, thermal drying. 

It has been variously estimated that, depending on the system 

used, the heat required for thermal dewatering can range from 

500kJ to 4000kJ per kilogram of water removed <Monenco, 1983). 

Rotary drum, flash or fluid bed dryers may be used to dry peat 

and are available commercially. These dryers are fueled by peat 

produced on site. 

Rotary drum dryers used for peat drying are supplied by the 

M.E.C. company and consume 3552 kJ/kg of water evaporated. 

Flash dryers are available from Ahlstrom Company. They are 

rated at 3128 kJ/kg. Bell Engineering Works manufactures fluid 

bed dryers for peat which use 3340 kJ/kg of water evaporated. 

To appreciate the energy cost of thermal drying consider a 

dryer consuming 3000 kJ/kg of water evaporated. To yield a 

product containing, say, 10% moisture content from a peat 

pressed to 70% moisture content, 2.2 kilograms of water must be 

evaporated per kilogram of dry peat. The dryer would consume 

6600 kilojoules of energy. Producing a fuel grade product, heat 

content 22,000 kJ/kg of dry peat, more than 30% of the dry 

product would be burned. 

Mechanical dewatering requires far less energy than thermal 

drying. Powered by electrical energy, presses consume in the 

order of 20 k;J per kg of water t-emoved <Monenc:o, 1983). Howe-

ver, mechanical means will not bring the moisture content of 

untreated fuel grade peat below 55% <Pun~ani, 1983>. This 
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- barrier is usually attributed to the colloidal nature of peat 

which is considerable in highly decomposed fuel grade peat. 

Conventional presses dewater peat by compressing it 

between either belts or rollers. Ingersold-Rand manufactures a 

twin roller· "Vari-Nip" filter press which can increase the 

solid content of raw peat to 30% CMonenco, 19~3>. Sulzer 

Brothers· 11 Mul t i -Nip" belt press produces 637. moisture content. 

filter cakes of fuel grade peat. Centre de Rescherche Indust-

riel du Quebec has developed a rotary dewatering press which 

produces a product containing 327. dry solids <Smith, 1984). 

1.3. Pretreatment 

The objective of pretreatment is to reduce the cost of 
0 

dewatering. Pretreatment processes reduce the hydrophilicity 

of peat and, therefore, facilitate mechanical dewater·inq. 

Increasing the amount of water removed during pressinq dec-

reases the burden of the more expensive thermal dryinq step. 

Rohrer <1981) performed an economic analysis on two dewaterinq 

processes, which differed only in one unit operation. the 

inclusion of thermal pretreatment. He concluded that thermal 

dryer costs (capital investment) and fuel consumption <of peat 

product> were two to three times higher with un-pretreated peat 

materials. 

Two types of pretreatment have been used in commercial 

dewater .. i ng processes: chemical pretr·eatment and thermoa.l 

pretreatment. Chemical pretreatment is, simply, the addition 

of "dewater i ng agents" to the raw peat before pr·essi ng. 

Thermal pretreatment, either wet oxidation or wet carboniz-

ation, is heating the raw peat before pressing. .. 
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Chemical pretreatment methods aim at dastabilizing the 

colloidal nature of peat. A Finnish company reports that peat 

slurry can be mechanically dawatarad to 55% moisture content in 

a belt press if electrolytes are added to the slurry <Punwani, 

1983). However, most investigations into chemical pretreatment 

have only on a laboratory scale. 

In o;\ ft:~asibil:ity study by Cooper· et:. t:\1. (1985> .:\ uniquf;:.~, 

multi-step dewatering process was developed. This procesa is 

represented in figure 1.1. In the process organic material 

dissolvad in the expressed water is used as the substrata for a 

fermantation. The fermentation step removes dissolved organic 

components from the water and yields biological surface active 

agents <Mulligan and Cooper, 19f~5). These compounds, when 

added to the peat before pressing increase the amount of water 

removed. The chloride salt of chitosan, a polymer of glucose-

amine found in the cell wall of many fungi, when converted to a 

cationic molecule, figure 1.~, proved to be the most effective 

dewatering agent. Using fuel grade peat from Barrington, Nova 

Scotia, more than 61% of the water was removed under optimum 

(::ond :it i or1s. 

Water removal data for several dewatering agents tested by 

Cooper- et al. (1984) isi ~shown in tc:tt:>lt! 1.:3;. 

compounds can be obtained from microorganisms. Lipase and 

esterase are enzymes. Samples treated with the two enzymes were 

incubated at 23C for 17 hours before pressing. ThE'~ 1 0:\St 

c:c1mpound shown in table l 
.... 
·"" 

organism Bacillus Subtilis. 

Synthetic surfactant• and inorganic salts have also 

significantly enhanced the mechanical dewatering of fuel grade 
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+ i t:ll.tre 1. 1. Proposed dewater i ng process. <Cooper et al:, 
1985). 
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Figure 1.2. The Transformation of Chitosan 
to a Charg'ed Polymer 
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lable 1.3. Data fer Several Dewatering Agents* 

Dewab?ring 
{.~gent 

Contr·ol 

Chloride !!Uid t 
c·f chitoaan 

Lipase 

Estel"'ase 

B. 8Llbt i 1 is 
precipi bate 

Water 
F~emoved 

(I.) 

52.7 

61.7 

58.8 

60.1 

60.0 

Initial 
Moisture 

(I.) 

87. ::;!: 

85.9 

87.3 

~~r7. ::5 

87. :~; 

Final 
Moisture 

(I.) 

'76.5 

70.0 

7:.$. 9 

'73. :3 

'7~$H:!.\ 

* An peat from Barrinton, Nova Scotia was used. The peat was 
pressed for 2.5 minutes at 19.6 atm. 
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peat. Exactly how these compounds affect the water retention 

properties of peat is not clear. However, many authors explain 

the results of chemical pretreatment in the frame of colloid 

chemistry. 

Small negatively charged particles of peat possessing a 

large surface area to volume ratio are dispersed throughout the 

aqueous phase <Ayub and Sheppard, 1985). Destabilizing the 

dispersion by coagulation and/or flocculation aids the solid­

liquid separation during pressing. Flocculation defines a brid­

ging mechanism that enmeshes particles by adsorption into a floc 

that often has a higher settling velocity than the original 

unflocculated particle <The American Water Works Association, 

1971>. Flocculation can be enhanced by both cationic- and anio--

nic- charged polymers. Coagulation describes a process whose 

primary force is electrostatic CGilman et al., 1979).· .Addition 

of cationic material reduces electrostatic repulsions between 

colloids and allows the particles to aggregate. 

Cooper (1985) has pointed out that (1) only cationic polye­

lectrolytes are effective, nuetral and anionic polymers will 

actually inhibit dewatering, and (2) dewatering of decomposed 

peat, which is more colloidal in nature, is improved mere drama­

tically when chemically pretreated than dewatering of less humi­

fied peat. Cooper <1985) also noted that pressed peat pret­

reated with the cationic polyelectrolyte derived from chitosan 

settled quicker when resuspended in water after pressing than 

untreated peat. 
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Sheppard and Ayub ( 198:'i) have shown that surface charge 

plays an important role in the dewatering of peat. Pretreating 

peat samples with a cationic surfactant, dodecyltrimethyl-

ammonium bromide, lowered the zeta-pctential of peat particles 

and produced a corresponding increase in water released during 

pr'GlSSi ng. In fact, when the concentration of surfactant added 

nuetralized the surface charge of peat~ i.e. at zero zeta-pot-

ential. maximum water removal occurred. 

As early as 1850 it was known that the water-bonding 

structure of peat could be broken down by heating it <Chcrnet 

Since the mid-nineteenth century peat has been 

thermally treated in a variety of ways. These include both 

batch and continuous processes~ with and without oxygen and 

under varying degrees of heat and pressure. 

ment processes fall into one of two generic categories, wet 

carbonization and wet oxidatfon. 

In the wet carbonization process raw peat (solids content 

less t.han 15%) is heated at relatively low temperatures 

in a pressurized reactor. 

usually less than one hour. Heat is provided to the reactor 

from an external source, frequently a steam generator ustnq a 

part of the product peat for fuel. Wet carbonization provides 

two bemef its. It (1) promotes dawatering and <2> enhances the 

heating value of the peat by improving the oxygen to carbon 

Before entering the reactor the peat slurry is oft&n 

Wet oxidation processes attempt to reduce the external 

heating requirements by oxidizing (burning) a fraction of the 
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Burning c~n b~ initi~ted by preheat1nq tc 

the ignition point and than supplying a source of oxygen to the 

slurry. Once the reaction is started, the rata and extent of 

oxidation will determine the pretreatment temperature <Galla 

"''nc:j Sheppar"d, :l981). Overall thermal efficiency for wet 

oxidation processes is lower than for wet c~rbonization 

processes largley due to combustion of a large fraction of the 

fead during the former <Sheppard et al., 198~). 

Table 1.4 CMonenco, 1983> highlights several parameters 

important to three commercial dawatering processes which apply 

heat pretreatment. Plans for construction in Swedan and the 

U.S.A. of plants using the JP Energy process, for which the 

North American licensee is Wheelabrator-Frye, have been drawn 

up. The Zimpro process, developed by Zimpro Inc. of Wisconsin. 

is true for the NRC/Sherbrcoke work which uses high speed 

heating, compr~ssion and pressure release in a relatively low 

severity process. 

Although the benefits of heat treatment have been known 

fer ever a century accepted mechanisms of haw the peat im 

altered, chemically and/or structurally, have yet to be 

developed. This research is difficult because peat is a vary 

heterogeneous matter. This hatarogeniety is due to the wide 

range of plant matter that collects in a single bog and the 

large number of routes of decomposition which yeild the 

formation of peat. 

- Chemically, peats are composed mostly of organic mate-

r .. :i. <:'\ 1 • The small percentage of inorganic materials (2-10%> 
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ldbla 1.4. Comparison of Dawatarinq Processes 

Pr·ocess 

~Jp ..... e:nergy 

Zimpro 

Nl::~c; 

Shf:r·br"c.:loka 

MadL'l a 
Size 

Reactor Conditions 

Size Temp Press Time 
<kPf.il) <mir1> <k. tcmnes <C:> 

per yef.i\r) 

1 12Hi.'l-<5 0 0 210 

~2~5 .. -2'7 150 

190 

2~'500 :::.~0 

:21 '70 :~;0 

4140 1 

Filter 
C:i:l\ ~~a 

( 'Y. ) 

50 

50 

50 

Moi stur·a 
Content 

Product 
(%) 

25.84 

20. :$9 
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usually present does not have a significant effect on dewatering 

characteristics. The organic material exists as an enormously 

complex mixture derived from chemically stable residues of plant 

tissue. 

A number of methods have been used to chemically classify 

peat substances. One system uses several broad categories to 

group the organic components in peat. Each category is charac-

terized by its solubility in a standard solvent <Fuchsman, 

1980). Those substances which can be dissolved by suitable 

organic solvents are bitumens. Bitumens encompass waxes and 

"resinous" materials. A second category, humic acids, are sol-

uble in aqueous base and precipitated by acidification of the 

alkaline extract. A third group which is characterized by its 

solubility in acid includes carbohydrates related to cellulose 

and some protein like substances. The fourth group consists of 

lignins which are soluble in strong base and are characteristi.­

cally phenolic in their reactions. 

In the low temperature processes studied here only three of 

the above classes of compounds are of interest: the humic acid 

fraction, the carbohydrates and the lignins. It is these three 

classes of peat constituents which are most likely to undergo 

chemical changes during heating. The bitumens are among the 

last distinguishable components to break down or volatilize when 

peat is exposed to heat. Generally, they begin to undergo 

chemical changes at 350C, however, physical changes may occur at 

lower temperatures <Fuchsman, 1?80). 

Because there exist no accepted conventions on procedures 

for separating peat compounds, and, furthermore, because each 
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peat sample is different in ita chemical make up, the distinc-

tion between classes and even the characterization cf the 

classes is often very subjective. Many authors tend to define 

the categories in their cwn way. However, an attempt to define 

the humic acids, lignins and carbohydrates commonly found in 

pt?at fcallows. 

Humic acids which are exctracted form peat by dilute 

alkaline media, are amorphous, brawn er black, hydrophilic, 

acidic, polydisperse substances of molecular weights ranging 

from several hundreds to tens of thousands <Schnitzer and Kahn, 

1972>. This fraction can represent up to 40% of the dry weight 

After alkaline extraction of peat, acidification of 

the solution causes precipitation of the humic acids, however, 

another class of compounds, fulvic acids, remain in solutions. 

Fulvic acids are closely related to humic acids. 

principally in molecular weight and functional group content. 

with the fulvic acid fraction having a lower molecular weight 

but a higher content of oxygen containing functional groups par 

A wide variety of chemical degradation experi-

ments en humic acids and fulvic acids have shown that the major 

degradation products are ph£\lrlC:ll i c:: and benazanacarboxyllc 

ac::i ds. Sc:hnitzer (1985> has suggested that these benzene 

c.r,\r·bo>:cylic acids and ph~:molic acids are tht:~ "bLtildinq t:Jloc::ks:;" 

of humic: and fulvic acid. He believes that the molecular 

both fractions, consisting mainly of hydrogen bonds, van dar 

Waal 's forces and pi-bending. 
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Lignins ~re closely related to humic acids chemically; 

both substances are polyphenolic in character CFuschman, 

1990). The lignin fraction can be extracted from peat wit~\ a 

strong base. Between 10 and 1~ percent of the dry weight of 

peat is lignin. The fundamental structural unit of lignin is a 

phenol substituted in the para-position by an n-propyl chain 

and in one or both ortho-positions by methoxyl groups. These 

units can be linked to each other in many ways, usually through 

oxyqens bonded to the carbons of the propyl group. 

Because both the lignin fraction and the humic acid 

fraction can be extracted from peat with base, some authors do 

not distinguish between the two. The principal differences are 

<1> the predominant f~nctional group in humic acid is the 

carboxyl group <about 9 mmoles/gram> which is not found in 

lignin's, stn.1cture, <2) the sol1.1bility in dil1.1te alkali of 

humic acid but not of ligniri and <3> the high concentration of 

methoxyl groups in lignin; in humic acid the methoxyl group 

concentration is about 0.2 mmol/gram. 

Carbohydrates are the third group of peat compounds to be 

considered. The most abundant carbohydrates found in peat can 

be further separated into four groups. They are hemicellulose~ 

chitin, glycoside and cellulose. Hemicelluloses are hiqhly 

complex substances. Each molecule consists typically o~ 

200-30~ sugar monomer units. The hydrolysis of peat hemicel-

luloses yield!i glucose, fructose, manno!ie, galactose and :·:ylos.e 

among others. Chi tin, which is commonly found in the cell 

w.:d 1 s of microorganisms, is a linear polymer of N-acetvl 

g l ucoseami ne. The third type of carbohydrate found in peat, 
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glucoside&, constitute a varied group of substances consisting 

of sugars bonded to noncarbohydrate molacules. Finally, 

c:ellulose, which l .•. ~~ i:\ polymer of glucose molecules, is the 

principle material found in tha fibrous parts of plants. 

In typical wet carbonization procassas <temperatures above 

180C) it is known that the chemical structure of peat undergoes 

significant change. It is these chemical changes which are 

believed to facilitate the de-watering of heat treated peat. 

Leas work has been done on heat treatment processes below 

212H21C. However, even at 75C peat de-watering is enhanced 

significantly <Cooper et al., 1985). Only a small amo1.mt of 

research has bean devoted tc characterizing the chemical 

reactions peat undergoes when heated under these low severity 

c:cmdi ti 01"1&. 

zaticn process in which peat was heated to 90C and l. 912!C f 01'" 

residenca times of approximately one minute. Thai r .. m.::i:t n qor.;i.l 

was to use shorter residence times to achieve bre•kdown of the 

hydrophilic nature of the peat substrata. Specifically, they 

believe that short residence times are sufficient for hydro-

lytic reactions to occur. These reactions are reported to be 

acid catalyzed and cause the destruction of the hydroaan 

bending which exists in the carbohydrate fractions. hemicel-

lulosa and cellulose. The principle chemical changes recorded 

in this process where~ <1> a fifty percent reduction in the 

base soluble-acid soluble material <this corresponds to the 

fulvic acid fraction described earlier) and (2) an increase in 

carbon content and a decrease in oxygen content in the proces-
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Fuchsman (1980) describes the chemical processes peat unde-

rgoes during heating in considerable detail. The effect of wet 

carbonization <temperatures of 180 - 220C) on the dewatering 

properties of peat are again attributed to the breakdown of the 

highly hydrogen bonded molecular structure of peat. The prin-

ciple chemical changes which occur during heating of peat at low 

temperatures are the decarboxylation of the carboxylic acid 

groups in the hemicelluloses and humic acids. The reactions up 

to 300C , he explains, are easily idealized by low-temperature 

reaction mechanisms, e.g. loss of carbon dioxide by decarboxyla-

tion of acid groups, dehydration by splitting off water from 

hydroxylated aliphatic structures and generation of low-molecu-

lar-weight alcohols by simple rearrangement of esters. 

Schnitzer and Kahn <1972) have done extensive work with 

humic acid and fulvic acid. Thermal degradation studies were 

done with both substances. Analysis of DTG curves lead them to 

attribute low-temperature peaks to the elimination of functional 

groups. The most dramatic change in functional group concentra-

tion observed below 200C was loss of approximately lOX of the 

carboxylic acid groups in fulvic acid. The main reactions 

governing the pyrolysis of humic acid are believed to be Cl) 

dehydrogenation (up to 200C>; ( ""'' .:.I a combination of decarboxyla-

tion and dehydration <between 200 and 250C>; <3> continuous 

dehydration. The main reaction determining the pyrolysis of 

fulvic acid is dehydration. 

1.4. Expressed water quality 

In developing a peat dewatering process a parameter which 

must be assessed is the quality of the expressed water. The 



-22-

qu~ntity of effluent ralaasad in ~ process designed to da-watar 

fuel grade peat is generally 8 to 9.5 times the weight of the 

dr·iad product. A medium size plant of 300,000 dry T/a would 

annually discharge 2.7 million cubic meters at a rate of 360 

cubic meters per hour <Monenc<=>, Two types of paat 

extract present in the effluent must be considered= the 

suspandad solids and the dissolved organics. 

In de-watering processes using strictly mechanical and/er 

thermal evaporation means, the liquid effluent is considered to 

be chemically and biochemically unchanged. In such cases only 

the suspended solid concentration is important. However·, the 

l: yp i c: a 1 wet carbonization process subjects peat to high 

temperatures and pressures. Decarboxylation occurs and peat is 

broken down into lower molecular weight compounds. 

amount of data has been compiled showing that many of these 

organic molacules are dissolved in the water released by 

thermal pretreatment de-watering processes <Washburn & Gillis 

returned to tha environment. 
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~. Objectives 

In order to produce an economical fuel from peat an anergy 

efficient dewatering method ia easantial. Mechanical pressinq 

consumes relatively low quantities of anergy. Pretraatinq 

the peat either mechanically or chemically facilitates mechan-

ical pressing. Therefore seven compounds possessing a range of 

properties ware used in pretreatment utudies with the intent to 

determine their optimum effectiveness and how they altar the 

colloidal properties of peat. 

The second objective was to determine tha effects of low 

temperature heat pretreatment on the dewataring of peat and to 

gain some insight into how heat affects the water retaining 

structure of peat. Combined heat and chemical pretreatment was 

tc be studied. 

Peat dewatering processes yeild large quantities of expras-

Oftan. depending on the from of pratre4tm~nt. thm 

water is toxic. Therefore, the third objective was to monitor 

tha quality of peat water removed from pratreatad peat and 

assess. to soma extent, the possibility of qrowing micrccrqan-

isms en this water. 
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3. Materials and methods 

3.1. Mechanical press 

The blue print for a peat press die was obtained from the 

Ontario Research Foundation. The die (figure 3.1) consists of a 

base with a shallow excavation in which a cylinder is rested. A 

sintered steel filter and a support disc are inserted into the 

cylinder and a piston is used to apply pressure to the peat 

samples. 

In order to apply a maximum of 30 atm of pressure on the 

samples, a pnuematic system, with a pnuematic cylinder of 4.5 

inches, connected to a 96 psi air line was employed. A double 

acting cylinder was chosen so that it could be used to insert as 

well as retract the piston of the press. 

3.2. Standard pressing procedure 

The peat used in all experiments was taken from a bog in 

Barrington, Nova Scotia. An analysis is presented in table 3.1. 

To a peat sample of approximately 25 grams was added the stated 

amount of dewatering agent. This mixture was stirred in a ball 

mill for 5 minutes. The sample was then transferred to the peat 

press where it was pressed for 3.0 minutes at 19.3 atm. <For 

the determination of these parameters please see Cooper et al., 

1984). After pressing, the sample was immediately weighed. 

Studies on the reproducibility of pressing experiments proved X 

moisture content values to be accurate to within +/- 2% abso­

lute, using the 95% confidence interval. 

3.3. Control pressing procedure 

The control procedure was the same as the standard 
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Figure 3.1. Diagram of Peat Press 
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rable 3.1. Analyaia cf the Barringtcnl N.S. peat 

Cornpc::H'lent. 
(·~n <":\ l y:<~ ed 

f)s;}h c::ontt?nt ('X.) 

C<;~r·ban Cl.) 
Hydr"oqen (%) 

U:·: Y(:.:Jen (%) 

Gul fur" ( %) 
I\H tr"t:lger'l (%) 

Initial Moisture <%> 
Degree of Decomposi­
tion Cvcn PoMt Scale) 
Caloric value CMJ/kg) 
(moisture free basis) 

11.E:l 
54.9 

5.121 
25.8 

Ill • ::; 
2.(2) 

86· .. ·92 
H9 
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pressing procedure except the peat was pressed without pret-

reatment. 

3.4. Calculations of the water content of peat 

All pressing studies ware done in triplicate. !he values 

are an average of the results from three pressinqs. 

Water Content of the Unpressed Peat 

wt of water in sample 
water content 

wt of dry peat in the sample 

Water Content of Pressed Peat Samples 

weight of water in pressed peat = wt of pressed sample - wt of 

pressed sample after drying 

% moisture content of pressed peat • wt of water in pressad sample 

wt of pressed sample 

wt of water in pressed sample 
water content after pressinq -

wt et dry peat in pressed sample 

weicht of water removed by pressing - water content of unpressed pe~t 
water content of pressed peat 

wt of water removed by pressing 
% water removed -

wt of water in unpressed sample 

Preparation of the chloride salt of chitosan 

The chitcsan starting material was purchased from tha 

Bigma Chemical Company, St. Louis, Me. 5 g of chitosan salt 

were added to 50 mL of hydrochloric acid. Tha mixture was 

stirred and heated at 70C for 2h. The solution was than cooled 

by means of an ice bath and acetone was added until a white 

precipitate appeared. The precipitate was collected by vacuum 

Filtration ~nd washed twice with 1mmmL portions of acotone. 
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The white solid was air dried. 

.5.6. Other dawaterinq aqents 

The two synthetic flccculatinq agents~ Praestcl 444K <hiqh 

charqe cationic> and Praestcl 411K <low charge cationic>, ~nd 

the salts, dcdecyltrimethylammonium bromide, ferrous chl~ride~ 

aluminum chloride and ammonium chloride were purcha•ed trcm the 

Siqma Chemical Company. 

. .:;, .. I • l.Jet.er-·mi 11ati on of concentration of suspended pec:~t !:,ol i ds 

t:.>:pr"esGeHJ Wi:lter" from a11 untreated pecilt smmp!e c:OtiL~o\:i.tiJ nu 

suspended peat particles was centrifuged to separate out the 

solids. Five solutions of various concentrations of the part-

icles were then prepared. Immediately after vortexing the 

solutions fer 30 seconds, tc insure uniformity, several milli-

liters were transfered to a cuvette. Absorbance measurements 

were taken on the Hitachi Perkin-Elmer double beam spectre-

photometer at 600nm. Usinq linear interpolation and this data 

provides an easy method for determining suspended 

solids ~cncentraticns in peat water samples. 

.::;. . 8. Particle settling measurement on pressed peat 

After a peat sample had been pressed~ a ~~ mq scclicn Wda 

taken and added to 1~ ml of water. 

for 30 s in order to resuspend the p~at particles and then 

transfered to a cuvette. i~ read i nq was tal, en 1 mmedi atl::!l y .:\nd 

clqou rt c.1f ter- one hoLw, on the spectrophotometer. 1 he we:L wh t. 

per·cent:. of particles settled was then calculated rl'i:i foiluvJ::;: 

I - initial reading 

F = final reading <after 1 h) 

% settled, 60 min = <F - I> I I 
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50 100 150 
CONCENTRATION (mg/L) 

Figure &.2. Percent absorbance (6~0nm> of suspension of peat 
particLes in water versus concentration. 
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0 Approximately 20 milliliters of expressed water were reco-

vered from pressing after pretreatment •. One milliliter was 

diluted with 9 ml of distilled water. After vortexing for 30 s 

part of the solution was transferred to a cuvette. An immediate 

reading was taken on the spectrophotometer and the initial 

concentration of suspended solids was calculated. One hour 

later a second reading was taken. The percent settled after one 

hour was then calculated as described above. 

3.10. Standard heating procedure 

A Parr 4501 two-liter pressure reactor was used to ·heat 

peat to temperatures between 25C and 200C. The jacket was first 

preheated. After a determined amount of time the pressure 

0 
vessel was placed into the jacket and allowed to reach the 

desired temperature. After the heat exposure, cooling to room 

temperature was performed rapidly by immersing the vessel in 

cold water. The temperature was monitored by a. Truetest dial 

thermometer placed in the thermowell which was immersed in the 

peat. After removal from the vessel the peat was pressed and 

its moisture content determined. 

3.11. Heating with an inert atmosphere 

Before being placed into the heating jacket the pressure 

vessel was flushed with nitrogen gas for fifteen minutes and 

then sealed. The nitrogen was bubbled through distilled water 

to prevent it from dehydrating the peat. The standard heating 

procedure was then followed. 
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Heating with stirring 

During the standard heating procedure the peat was stirred 

at 100 rpm with the propeller stirrer attached to the head of 

the pressure vessel. 

::~;. 1::::: ft Growth inhibition studies 

A study of the inhibitory effects of peat run-off water 

and prassed peat water was preformed. A variation of the 

Kirby-8auer method for determining bacterial sensitiv1tv to 

antibiotics was employed to datermine the inhibitory affects of 

the peat waters on various microorganisms. The revised method 

involved growing pure colonies of the various organisms in 

~hake flasks and then innoculating standard agar plates with 

the organism to be tested. Then, sterile filters, which had 

been pra-soaked in the pressed peat water or the peat run-off 

water, ware placed on the plates in various locations. fhe 

deQree of inihibiton to growth was judged as follows. F:l1·~:;t, 

the area of clearing was calculated after 24 hours. fhi S> (:~i::iVG~ 

The larger the area of clearing, the more the 

organism was inhibited by the peat water. Then, the area of 

clearing was recalculated after 48-72 hours. 

and begin to grew again, normally . 

. 14. fcxicity of expressed water and heat content et heat 

Dried peat samples which had been exposed to a variety of 

pretreatment processes were sent to the NRC Atlantic Research - L. "" tl Cl I'" 0:\ t. <::)I'" y fer determination of calorific 

vo.d ue. Expressed peat water samplas were sent to the Ontario 
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Chapter 4. Results 

4.1. Chemical pretreatment 

Cationic polymers, inorganic electrolytes and cationic 

surfactant• enhance the mechanical dewatering of fuel qrade 

peat (Cooper et al., 1 ~re:~> . Several compounds, each from one 

of these categories, were investigated. 

effectiveness of the dewatering agants each was added to raw 

peat samples at various weight ratios <weight of additive/-

weight of dry peat) before pressing. The moisture content and 

particle settling rate of the pressed samples ware measured. 

4.1.1. Polyelectrolytes 

Three polyelectrolytes Twt:l of theH:>e, 

Pr· f.:\&'~S t.<J 1 411K and Praestcl 444K, are commercially available 

synthetic polymers while the third is the chloride salt of 

prctonated chitosan. Peat samples were treated with tha 

pclyelectrolytes and pressed under standard conditions. 

milligram section of the pressed peat was resuspended in water 

and the settling of the particles was monitored fer one 

The remainder was dried to a constant weight and the 

quantity of water removed was calculated. 

Table 4.1 shows tha results of additions of ch1tosan 

hyc.1rocl"ll or i de. When peat was mechanically pressed without any 

chemical addition only 32.1% of tha watar was ramcved. 

optimal ratio of chitosan salt was addad (0.02 weight chitcsan 

s•lt 1 weiqht of dry past> the water removal improved to 63.~%. 

Incr~asas in this ratio yeilded steadily improved dewaterinq up 

t~:l t.h~:~ m,;a;.:imum. Pe)at tr"~Y.!.:.~t.f:)d with.:~ r·.:,ticJ t]l'"f::),::lb::w thdn t.l11~::: 

optimum amount cf chitosan produced increasingly worse results. 
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H<:ltio of 
<:::hitosan 
to dr·y pf:a·l:. 
<wt/wt) 

Control 

f2.l.f2.l(i.)4 

0.019 

V,). (li:::;Q) 

0.042 

f.(,J. (1)5(;1 
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The effect of chitosan hydrochloride on mechanical 
dewatering. 

t=-)moun ·t of 
wat•:r r e?f'llC)Yed 

<kg W.O\t~:..r·/ 

kg dr·y p!:!:1c!:\t) 

2. :~~4 

'? r'.)t::' ...... • ..:.. ~ .. s 

4.68 

4.65 

4.49 

4. 4:3 

Water" 
r·v.i.'movec3 

(';1,.) 

:-!~~·~. 1 

44. '7 

64. :~\ 

6:.S. 9 

61.7 

6i2!.9 

1'1oi S.tw-e 
c::onte•nt t)i: 

pl'"essad pe;i:\t:. 
(I..) 

Ej::;;; • ~~;! 

80. 1 

72. 1 

12.4 

T3.6 

74.(1) 
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0 In figure 4.1 the data from table 4.1 is plotted. Also 

plotted is the settling data from resuspendad pressed samples 

which had been treated with chitosan salt. The maximum 

settling rate occurred at a chitosan salt ratio that was vary 

close to the chitcsan ratio where the maximum amount of water 

removal occurred. This figure shows that the settlinq rate 

curve and the water removal curve follow a simil~r pattern. 

The parametars increase at lower ratios of chitcsan and each 

reaches a maximum. After this maximum, each begins to dec-

rease. 

The same investigation was undertaken with Praestcl 411K 

and Praestol 444K to determine whether this relationship 

between water removal and particle settling rate was unique to 

chitosan or whether it was common to ether pclyelectrclytes. 

Results fer the high charge density, cationic Praestol 444K are 

presented in table A~ the amount of Praestol 444K added 

to a peat sample is increased, the water removed increased, 

reaching a maximum of 62.4% at a ratio cf ~.015 wt additive I 

wt dry peat. When mora than ~.015 grams of Praastol 444K per 

gram of dry peat were added less than 62.4% of the water was 

released. Thus following a patterm similar to the chitosan 

data. However, increasing the Praestol 444K ratio above the 

optimum yeilded water removal data which drops off more 

dramatically than the chitcsan water removal data. 

The data in table 4.2 along with settling data for pressed 

sample& which had been traatad with Pras&tol 444K is plotted in 

figure 4.2. The settling curve again has a shape similar to 

the watar removal curve. Resuspanded pressed peat treated to 
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ri::~bJ.<~ 4·.2. The effect of Praastcl 444K en mechan1cal 
d fiilWo\\t er· i nq. 

1\<0\t:ic c1·f 
r''r .:.uz;-stol 4441< 
t. <:1 d r· y p a .:d:. 
(lrJt./wt) 

Contr·ol 

(2).004 

(7.). (7.) 1 !'5 

(7.). (l):3l. 

Ill. (7.):~;9 

IZJ.I2l57 

f~mount of 
water· r·t.'Hnc:>ved 

( kq water·/ 
~::g dr·y pac.~t.) 

''"> ,.;, . 34 

:3. 97 

4. !':i4 

4. l2l '',? •.. 

.. ~. ._ ... 21 

:;:~ . c , .. , 
::~ ... ;. 

Water· 
r·t'~moved 

( 'Y.) 

32. 1 

54. ~5 

~ ') :;).-;.. 4 

~52. 2 

44. 1 

:::;6. 0 

jvi<:Ji ~:;tur·e 
c:ont.ent o-f: 

pr·essed p£:~at. 
( 'Y. ) 

H:$. 2 

76.8 

'7:$. ~; 

'76 • .... : 
... ! 

130. ~.:;; 

T7. 6 
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0 0.02 
Ratio 

0.04 

Figure 4.2. Enhancement of water removal from peat 
treated with Praestol 4441<. Water n::moved ( A > 

and percent settled after 6121 min <e> vers1.1s the 
ratio of Praestol 444K to dry peat in the sample 
<wt/wt>. 
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0 ~ r~tio of 0.015 settled f~stest • 95.5% after one hour. fhia 

ratio is exactly the optimum Praestol 444K ratio for water 

r·emoval. Further comparison of water removal and particle 

settling indicates a correlation between these two parameters. 

Pressed samples treated with Praestol 444K were observed 

to be very "sticky" or "gummy". This was not observed for· the 

chitosan samples. 

Data for the low charge density cationic polyelectrolyte, 

Praestol 411K is shown in table 4.3 and plotted in figure 4.3. 

This polymer was not as effective at enh~ncing dewatering as 

Praestol 444K or the chloride salt of chitosan. The maximum 

water removal with mechanical pressing, 47.7%. occurred at a 

r.:atio of 0.040. The water removal curve has a shape similar to 

c the water remov.:al curves for the two other polyelectrolyte5, 

howmver, it does not correlate well with the settling curve. 

An optimum settling ratio was not measured in the range of 

n:d:. i cJs tested. 

4.1.2. Monomeric electrolytes. 

Four salts were studied, three inorganic salts, ammonium 

chloride, ferric chloride and aluminum chloride, and one 

quarternary ammonium salt, dodecyltrimethylammonium bromide 

CDTAB>, which has surfactant properties. Each compound was 

again added at various weight ratios <weight of additive 1 

weiqht of dry peat> in order to characterize and optim1z~ the1r 

effect on water removal and pressed peat particle settllnQ. 

lhe results for ammonium chloride are shown in table 4.4. 

ThlB salt was not as effectiv.,e a dewaterinq aQent as cltltosan 

or Praestol 444K. Maximum water removal was 55.2%. This is a 
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Table 4.3. The effect of Praestol 411K on mechan~cal 
dewaterinq. 

Ratio of Amount of 
Praestol 411K water removed 
tc dry peat Ckq water/ 
Cwt/wt) kg dry peat> 

Control 2.45 

0.004 2.53 

0.010 3.04 

0.016 3.38 

0.026 3.29 

0.040 3.47 

0.052 3.41 

0.056 3.43 

0.063 2.82 

Water 
removed 

(%) 

33.7 

34.8 

41.8 

46.4 

45.2 

47.7 

46.8 

47. 1 

38.7 

Moisture 
content of 

pressed peat 
(%) 

82.9 

82.6 

80.9 

79.6 

80.0 

79.2 

79.5 

79.4 

81.7 
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Figure 4.3. Enhancement of water removal from ~eat treated 
with Praestol 4111<. Water removed < .6. > and 
percer1t settled after 60 min <e> versus the ratio 
of Praestol 411K to dry peat in the sample 
<wt/wt). 
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I i::1b 1 E~ 4, 4. lhe effect cf ammonium chloride en mechanical 
df?W<~ter· i n<.::J. 
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significant improvement in dewatering when compared to the 

control, 38.2%. The settling rate of pressed peat particles 

treated with ammonium chloride was also much lower than fer tha 

polyelectrolyte& (figure 4.4). This figure shows that both 

water removal and particle settling increase, reach a maximum 

and then drop off as the ratio is increased~ similar to the 

pattern observed fer chitosan and Praestol 444K. 

drop off is much less pronounced and the water removal curv~ 

does not correlate with the particle settling curve. 

When 0.062 grams of ferric chloride I gram of dry peat 

were added before pressing, 68.1% of the water was removed, 

32.8% mere than the control <table 4.!':i). 

impressive but it was attained at a much higher concentration 

of additive than fer previously studied molecules. 

ratio ferric cholride's effectiveness leveled off 

1.1·.~.5). At 0.062, 64% of th~ suspended particles settled after 

one hour, a significantly greater percent than the control. 

Particle settling continued to increase when a larger ratio was 

used, yeilding a curve which does net correlate with the water 

l'"e~m(:::OVii:\1 c::Lll~ve. 

Water removal 

t<abl e 4. 6. The water removal waa enhanced (maximum of 63.6% at 

0.018) and the particle settling was also excellent. 

figure 4.6 indicates that these parameters de not have their 

maMimum at the same additive ratio. There is ne correlation 

between the curves. 

The surfactant DTAB proved to be the meat effective 

dewatering agent of all those tested. When 0.055 grams of DTAB 
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T' ab 1 e 4. e5. The effect of ferric chloride en me~hanical 

dewater" i 11g. 
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Figure 4.5. Enhancement of water removal from peat treated 
with ferric chloride. Water r·emoved ( ~ ) and 
percent settled after 6fll min <e> versus the ratio 
of ferric chloride to dry peat in the sample 
Cwt/wt). 
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fdt.J .1. €.'! ·~·. 6 .. l'he effect of aluminum chlcridw on mechanicd.l. 
c:lr:lWt:'\ter· i nq. 
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0 were added per gram of dry peat~ 68.8% of the water was 

released during pressing and 

particle settling data are both plotted in figure 4.7. The 

percent of particles settled after one hour far peat treated 

with DTAB was higher than fer the inorganic salts. The 

particle settling curve and the water removal curve show very 

geed correlation • Each parameter increased and then decreased 

at almost the same ratios of DTAB. 

4.2. Thermal pretreatment 

The heat pretreatment experiments were preformed in a 

simple Parr 4501 two-liter pressure vessel. Wi. th ttH? batch 

heating system three parameters may be varied: 

holding temperature and residence time. 

the time required to bring the peat from room temperature to 

the desired holding tempar~ture. The holding temperature 1s 

is immediately cooled back to room temperature. 

parameters was varied in separate experiments while the other 

two were kept constant. 

With this equipment it was first necessary tc establlsh 

procedures for heating peat to desired temperatures. 

trial and error experimentation the rheost~t was calibrated. 

lh~ d~ta is shown in table 4.8. 

Dur· i nq ti"H?! heating experiment& the temperature waE 

recorded at approximately 5 minute intervals. 

this data is shown in figure 4.8. In t hi s~ e;·: p t:i:l'" 1 mf!:':n t. t 1··~f:~ h «:~"~ t. 

up time was 30 minutes, the residence time was 15 minutes and 
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The affect of dadecyltrimathylammcnium br·cmida an 
mechanical dewataring. 

Amount of 
water removed 

Ckg water/ 
kg dry peat> 

2.41 

3. 15 

3.98 

4.26 

4.65 

5.01 

4.31 

4.36 

Water 
removed 

(%) 

33. 1 

43.3 

54. 7 

58.5 

63.9 

68.8 

59w2 

59.9 

Moisture 
content of 

pressed peat 
(%) 

82.9 

80.5 

76. 7 

75. 1 

72.5 

69.4 

74.8 

74.5 
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with dodecyltrimethylammonium bromide. Water 
removed (~) and percent settled after 60 min <ta> 
versus the ratio of dodecyltrimethylammonium 
bromide to dry peat in the sample <wt/wt>. 
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Calibration of heating apparatus rheostat. 
min heat up time. 

thirty 

Holding temperature <Cl 

:1 /~'J 

100 for 10 min. Cut to zero and 
place in jac:kw~t. 

110 ·for· :L ~.5 m i n • 
plr.i\C:ti? in ,HH:ket. 

120 f c.1r 20 min. 
Cut t(:J 15 a·fter 

120 of: er ~:;m min. 
c~.lt ·l:.o ·l~:S a·f ter 

120 for· 1 hi'". 
Cut t<::l ::::;(2) a-fter· 

Cl..lt. to zero e:mc:l 

Pl ii:\C:B in jacket. 
1 mi. n. 

F'l i:i\C:e in jacket. 
1 min. 

F'l ti\C::t?) in .:i ac: kw~t. 
:3 m:Ln. 

120 fer 1 hr. Place in jacket. 
Cut to 5(2) after 8 min. 

120 for 80 min. Place in jacket. 
Cut to 70 aftar :12 min. 
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30 45 
Tl ME (MJN) 

60 

Fiqure 4.8. Temperature of peat in vessel durinq thurmal 
pretreatment vs. time. The figure shows the heat 
up time, first 3~ min and the 15 min holding 
time. The holding temperature is 177C. 
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177C. the holding tem~•rature wa& 

done over a range of holding temperatures, from 50 to 200C. 

Two heat up times, either 15 or 30 minute~were studied. The 

re~idence times were varied from 0 to q0 minutes. 

4.2.1. Fifteen minute and zero residence time experiments 

Eleven heat pretreatment runs were done with a 15 minute 

holding time. Each run had a heat up curve similar to figure 

4.8. After heat pretreatment, 3 samples at each holding 

temperature were cooled, pressed and the amount of water 

removed was calculated. The average amount of water removed by 

pressing for each temperature tested is shown in figure 4.9. 

As expected, as the temperature increases the amount of water 

removed by pressing increases. However, even relatively 

low temperatures were effective. For example, heating the peat 

to just 75C improved the· amount of water removed during 

pressing from 50.2% the control value, to 56.1%, a 6.1% 

incr·ease. The improvement with increase in temperature 

continues steadily up to 175C, where the effect begins to level 

off, and about 85% of the water is removed. 

Alao shown in figure 4.9 are the results of six he~t 

pretreatment runs done with zero holdinq tim(;~. Hq.::.-dn tttf:!t P .LS 

significant improvement in the amount of wo:\tet- removt..~d .:d .. o1dV 

68C. where 58.6% is removed. 

1t1e data, using either residence time, falls close: to the 

same c::ur .. ve at low holding temperatures. However • .At hiqher· 

hold1nq temperatures the additional heat added during the 15 

min residenc~ time caused small increases in the percent water 

removed compared to the zero residence time. 
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Figure 4.9. The percent water removed after thermal pretreat­
ment vs. the holding temperature. The heat up 
time was 30 minutes. 
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0 4.2.2. Residence time experiments 

In the section above, data using two residence times, 15 

minutes and zero minutes, is presented. Although almost 20 data 

points were obtained the holding temperature is the principal 

variable. Therefore, further residence time experiments were 

conducted in which the holding temperature was constant. 

An improvement in the percent water removed occurred when 

residence times were longer than 15 minutes and the holding 

temperature was 165C or 105C. The data are plotted in figure 

4.10. The improvement with longer residence time was more 

pronounced when the holding temperature was 165C. Holding at 

165C for 60 minutes, 83.2X of the water was removed, 16.7X more 

0 than the zero residence time run. The majority of experiments 

which follow was done with zero holding time. 

4.2.3. Effect of changes in heat up rate 

Changing the length of the heat up period also altered the 

effectiveness of thermal pretreatment. Figure 4.11 shows a 

heating curve for a run in which the heat up time is 15 minutes, 

the residence time is zero, and the final temperature is 150C. 

Four runs were done with 15 minute heat up time; the results 

are plotted in figure 4.12. 

Heating the peat up to the holding temperature more rapidly 

decreases the effectiveness of thermal pretreatment. The curve 

drawn through the squares in figure 4.12 shows the relationship 

between percent water removed during pressing and the holding 

temperature when the heat up t~me is 30 minutes and the resi-

dence time is zero. The curve drawn through the 
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e 165°C HOLDING TEMPERATURE 
• 105°C HOLDI.NG TEMPERATURE 
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RESIDENCE TIME (MIN) 

90 

Figure 4.10. The percent water removed after thermal pretreat­
ment vs. the holding time. The heat up time was 
30 min. 
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Figure 4.12. The percent water removed after thermal pretreat­
ment vs. the holding temperature. The holdinq 
time was 0 min. 
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circles differs only in that the heat up time is 13 minutas. 

The fifteen minute heat up time data lies consi&tently below 

the 30 minute heat up time data. The difference between the 

curves at any temperature is approximately 6%. 

4.2.4. Combined chemical and thermal pretreatment. 

Further experiments were done to atudy the effect of 

chitosan salt on heat treated peat. Using a heat up time of 30 

minutes and m minute residence time, 300 gram batches of raw 

peat were heated to ten temperatures between 50 and 200C. 

After heating, three gram samples were and the 

average amount of water removed at each temperature is plotted 

as a square in figure 4.13. The remaininq heat treated 

peat was mixed with the optimum ratio of chitosan salt and 

again, 3 samples were pressed; the average amount of water 

removed is plotted as a circle in figure 4.13. 

The graph shows that heat treated samples to which 

chitosan salt was added consistently released mere watar when 

pressed than the samples heated by the same procedure and 

pressed without chemical pretreatment. as the 

temperature increases the distance between the two curves 

lessens. At 100C there is difference of 10% and at 175C the 

difference is 4%. 

4.2.5. Heat treatment with an inert atmosphere. 

In order tc further characterize the lcw temperature 

heating process the standard heating procedure was run with an 

inert atmosphere. In the standard heating procedure the two 

c liter pressure vessel contains air which is sealed in with the 

peat during heating. In the inert atmosphere experiments. 



70 

-....! 
0 -

-59-

•. HEAT ONLY 
• CHl TOSAN & HEAT 

50 

4. 13. 

• 

• 

150 
HOLDING TEMPERATURE (°C) 

The percent water removed after 
thermal/chemical pretreatment 
temperature. The heat up time was 
holding time was 0 min. 

the.•rm.::\1 or 
vs. ho!dinq 
30 min; the 



-60-

·after the peat was placed in the reactor nitrogen ga5 was used 

to displace the air. Then the peat was heated in the usu~l 

manner. 

In figure 4.14 the two curves from figure 4.13 have been 

reproduced and the data from the inert atmosphere heating 

eMperiments is plotted. The nitrogen gas procedure was done 

for a 100 and 150C run; 30 minute heat up time, zero minute 

r·esidenc:e time. The figure allows for comparison of inert 

atmosphere data and the data from heating under air. Both sets 

of points <samples treated with and without chitosan salt> fall 

very close to the curves. The presence of oxygen during the 

heat pretreatment has no detectible effect on the amount of 

water removed during pressing. 

c 4.2.6. Stirring during heating. 

Heat pretreatment experiments were run at two temperatures 

to determine the effect of stirring during heating on the 

dewatering of peat. In the standard heating experiments the 

peat is static: during heating. Stirring might improve heat 

transfer or alter the colloidal properties of p•at and. 

therefore, increase or decrease the percent water removed. 

The Parr 4501 pressure vessel is equipped with a belt 

driven propeller type stirrer. The propeller was rolat~d 

approximately 100 times a minute during both heat pretreatment 

runs. The results obtained after pressing art:' plotted in 

figure 4.15. Again the curves from figure 4.13 are shown with 

the stirring data for comparison. The points fall very c:lose 

0 
to the curves. Stirring during heating does not alter the 

dewatering of heat treated peat in this temperature ranQe. 



-~ 
0 -0 w 
~ 
2 w 
0:: 

70 

0:: 
w 
~ 

~50 

-61-

eHEAT ONLY 
.CHITOSAN & HEAT 

50 100 150 
HOLDING TEMPERATURE (°C) 

F'iqLlre 4.14. The percent water removed after thermal pretreat­
ment under an inert atmosphere vs. hcldinq 
temperature. The heat up time was 30 min; the 
holding time was 0 min. 
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eHEAT ONLY 
.CHITOSAN & HEAT 

50 100 150 
HOLDING TEMPERATURE (°C} 

r:iqure 4.15. The percent water removed after thermal protreat­
ment with stirring vs. holding temperature. 
The heat up time was 30 min~ the holding time was 
Ill min. 
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4.2.7. He~t content of pretraatad peat 

Samples which had bean pratraated, pressed and oven dried, 

along with one control sample (ne pretreatment> ware sent to 

the National Research Laboratory in Halifax. 

calorific value of each sample was measured to determine the 

affect of our pretreatment process on this par~meter. The 

results are shown in table 4.9. The numbers show small, 

random variations and no trend could be detected. The varia-

tions are probably due to the hatercgeniety of the raw peat 

used in the pretreatment experiments. Neither heating nor the 

addition of chitosan salt changes the calorific value of the 

dr·y peat. 

4.2.8. Particle settling 

Particle settling measurements were performed on peat 

heated to four different holding temperatures. 

chitosan and/or heat treated sample& were resuspended and used 

in settling tests. Tha heat up time was thirty minutes and the 

residence time waa zero. The data is graphed in figure 4.16. 

The amount of suspended solids which settled after lh, 

from peat which was only heat treated incraasad smoothly with 

holding temperature. The heat and chitcsan treated samples 

consistently settled f C.:\ s t. fJt"' • percent solids, which 

settled, from the heat and chitcsan treated paat remained 

ralatively constant at the four holding temperatures invest 

1 q.:.'.l.ted .. 

4.3. The quality of expressed peat water. 

f.!. •. $. l . f(J)(i<:it.y t:.asts. 

lhe growth inhibiton study <table 4.10> indicated that 
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Table 4.9. Gross calorific value on a dried basis <kJ/kg>* 

Heat pretreatment with zero holding time 

Holding No chemical Chitosan 
temperature <C) pretreatment salt added 

Control 22.98 22.76 
87 22.14 22.66 
100 21.60 23.11 
131 22.55 22.83 
139 22 .. 99 23.37 
169 23.12 22.71 
192 22.69 22.87 

Heat pretreatment with 15 minute holding time 

Holding 
temperature <C> 

42 
75 
100 
1 
146 
165 
197 

No chemical 
pretreatment 

22.43 
22.82 
23.02 
22.69 
22.94 
22.89 
22.91 

* The values presented here were determined bv the NRC Atlantic: 
Research Laboratory and were reported to be accurate within +/-
0.001 kJ/kG. They have been rounded off here. 
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Figure 4.16. The percent settled after 60 min vs. holding 
temperature. The heat up time was 30 min; the 
holding time was 0 min. 
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peat water did not have a dramatic effect on the growth of the 

organisms. The greatest inhibitory effects were found with the 

Gram positive bacteria Bacilus subtilis and Micrococcus luteus 

and to a lesser extent Staphylococcus apidermidis. The gram 

negative bacteria Psuadomonas acidovorans, Escherichia coli and 

Proteus rettgari tended to be initially inhibited but quickly 

The yeast Saccharomyces carevesiae showed no signs cf 

growth inhibition by peat water. Most microorganisms showed 

only an initial area of clearing which was subsequently totally 

ovf?l'" ql'" t:>wn. The expressed water used in these tests was derived 

exclusively from peat which had net undergone any pretreatment 

pt"· c.1c: ass. 

A second test. the Micrctox test, was used to determine 

the effect of both chemical and thermal pretreatment en the 

toxicity of the expressed peat water. The Micrctcx tests were 

the Ontario Research Foundation. 

amoplcys bacteria which emit light. When they are exposed to 

tmdc: ~">olutions the amount of light emitted decreases. 

Basically, the percent of toxic solution which reduces the 

amount cf light emitted by 50% is called the EC50 value fer 

that sample <actually the EC50 value is estimated by graphical-

ly interpolating betwaen values obtained from a dilution 

series). The higher the.EC50 value the less toxic the sample. 

Eight samples were sent to the Ontario Research Foundation 

for this analysis. The results are shown in table 4.11. 

Measurements ware taken after both five and fifteen minutes of 

In all c::t.:\s-.es the toxicity was vary low and ECS~ 

values could only be cbto:o\l. nad for the expressed water from 
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Table 4.1~. Inhibitory effects of peat run-off water and 
pressed peat water en organism growth .. 

Urqanism 

Bacillus aubtilis 

Pseudomonas acido­
vcrana 

Ewcherichia coli 

Saccharomyces car­
eviwae 

Staphylc~occus 

epidarmidis 

Micrccccccus luteus 

Proteus rettgeri 

Peat run-off water 

Area of clearing 
(square mm) 

Initial Final 

21.65 5.7~ 

11.78 

8.69 

5.70 

3.37 

Area of clearing 
<square mm> 

Initial Final 

6. 88 ~ 
~- 23 

14. 32 0 

3. 37 0 

0 0 

a 
~. 70 0 

15. 62 1 1 . 78 

16. 28 0 
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lable 4.11. Results of Microtcx test. 

Expressed water from heat treated samples 

Holdinq temperature 
(c) 

J. llll2l 
1 :;.\ :L 
16 . .::: 
:l (7'2 

('.f. ~r.<,\mp 1 f:i)) 

VL.r 
VLT 
VLT' 

28 

1 ~.'5 m :ln EC::iv.l 
( '/. SG;\tnp 1 €'-") 

1/I.. .. T 
VL.r 
Vl...T 

Expressed water from haat and chitosan traatad samples 

Holdinq temperature 
(c) 

.UI.llll 

.1.-::).l 

:L 6:;~ 
1 ·:;:;:~ 

VLI - very low toxicity 

~5 mi n EC50 
<% sampl fe > 

VLT 
VLT' 
VLf 

15 m:ln EC50 
( 1.. r~ampl e) 

VLI 
VLr 
Vl.."f 
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0 samples which had been heated to 192C in pratreatment. It 

would have required extrapolation beyond the data points to 

estimate EC50 values fer tha lower temperature samples. 

Initial concentration of suspended solids. 

When paat is pressed mechanically the water which is 

released contains suspended particles. Generally, the severity 

0nd type of pretreatment process used before pressing effects 

the concantration of auapendad peat solids in the expresaed 

this parameter was measured for peat 

pratreated at eleven different temperatures, thirty minute heat 

up time and zero minute residenc time, with and without 

eh i t.c:lSi::m ~salt .. The results are shown in table 4.12. 

In table 4.12 the lowest initail concentration of suspend-

ad paat solids is 430 mg/liter, for peat which was not. heated 

but was pretreated with chitcsan salt. The highest initial 

concentration is 3220 mq/liter from peat which was heated to 

192C. Fer each pretreatment temperature studied the addition 

of chitosan salt does not have a significant affect on the 

concentration of suspended aclids. However, the data clearly 

shows that an incraa&a in pratreatmant temperature results in 

an increase in suspended solids concentration. 

Settling tests. 

One hcur after the initial concentration readings were 

taken a ascend reading was mada on the expressed water sam-

percent of solids settled after one hour. 

shown in table 4.13. There is ne correlation between the 

percent settled and the pretreatment temperature. 
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r r.ilb 1 !:.:' 4. 1 :i:::. Initial concentration of suspended solids in 

Holding remperature• 
(c) 

C: cln 1:. r· c.1 1 
!'j:l 
!37 

100 
.lUll 
1:..::1 
LH 
139 
169 
192 

water. 

Initial Solids Concentration <mg/L) 
Ht?<a t Cln 1 y Hr-~~~ t. .::~nd t:h i t ~:l&i:.il 1 

550 
~.590 
460 

6'7(2) 
t~40 

14-:L 0 
2750 
2880 
322(l) 

•Pill 
61({) 
4~5(() 

6(l)(l) 

1 :::::212l 
29~~0 

2670 
::; ((.) (l)(l) 

* Heat up time was thirty minutes. Residence time was zero. 
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Table 4.13. Settling tests on expressed water. 

Holding temperature* 
(c) 

Control 
ea 
8'7 

Ull0 
110 
121 
1 :~; 1 
J. ::..9 
:l69 
1'-r2 

X Settled, 60 min 
Heat Only Heat and Chitosan 

5.6 
16.9 

22.5 
10.~:~ 

! 5. 1 
15. 1 
18.Ql 
15.E3 
11:3. (21 

14.2 

44. 1 

'J.'7. 0 
2(:1. 9 
28. :l 
~~9. 4 

* Hmat up time was 30 minutes. Residence time was zero. 
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temperature a greater percent of suspended solids settlad cut 

after one hour from water samples pressed cut of peat which was 

treated with chitcsan salt. The average difference after one 

hour is 14~4%. a significant improvement fer chitosar1 treated 

peat. 

A third reading was taken after 5 days had passed. Fer 

heat treated aamples the concentration of suspended solids was 

consistently 100~ 10 mg/litar. For heat and chitosan treated 

samples tha concentration was always less than 10 mg/liter. 

Visually, the expressed water from samples which had not been 

treated with chitcsan was still murky after five days and tha 

water from samples which had been treated with chitosan salt 

was clear. 

fhe rate at which the suspended peat particles settle is 

determined by their s1ze. Larger particles settle faster. 

rhus, peat treated with chitosan salt yields expressed water 

with suspended solid particles which are en the averaqe larger 

in size than peat which is net treated with chitcsan salt. 
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~). Di SCLlSSi on 

Both chemical and thermal pretreatment alter the water 

retention properties of peat. The atudy of seven comaunds which 

improved peat dewatering and of a wide range of heating condi­

tions provided some insight into the solid-water interactions 

which limit the effectiveness of mechanical dewatering. 

Several authors have attempted to catagorize the ways in 

which the aqueous phase is bound to the peat. 

stated that there are four types of peat water. 

easiest to remove to hardest, these are: (1) water in macropores, 

water in micropores, ( 3) colloidally bound water and (4) 

chemisorbed water. (92% moisture content), on 

average, 15% of the water is found in pores, 30% is colloidally 

bound and the remainder is chemisorbed. 

.;md Ayub (1985) water in peat can be broadly classified as (!) 

mechanically entrapped water; c::api ll.:.'lry water and 

chemically bound water. Sheppard and Ayub also quote Ljungkviat 

r.:ind Ml.tnt.t:~er .. who c::laim 25% is "lcH.:JlSely bound" wat.er, 40'1. c:apill.::tr"Y 

water, 25% colloidal water and 10% chemically bound watar. 

It is profitable to compare peat dewataring to sludge 

dewatewing. Sludge has bean studied mora thoroughly •nd the 

solid-water interaction$ are better understood. 

which explain the dewatering charac:taristics of sludqe are 

similar to those usually used to explain peat dewaterinq. 

contain water in several different forms. The particles qeneral-

ly exhibit a net negative charge in the range of -10 to -20 

millivolts, which does not appear to depend on the type of 
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sludg~ CC~mpbell, In g~n~rAl, conv~ntional mechanical 

dawatering will concentrate the solids content to only about 10% 

solids. Studies on sludge dewatering have led to the following 

1. With chemical conditioning the solids concentration can 
bs increased to about 15%. 

2. The performance achieved by a dewatering unit en any 
sludge is greatly affected by particle size distribution and the 
strenqth of the sludge floc. 

3. One method of promoting sludge folocculation is to 
reduce tha electrical charge on a particle by chemical addition 
to mova the zata potential towards the isoelectric point. 

There are obvious analogies between peat and sludge dawaterinq 

and it is reasonable to apply the above conclusions to both 

5.1. Chemical pretreatment 

In table 5.1 the data obtained with the 7 dawaterinq 

compounds is summarized. The agents are listed in order of 

Dodecyltrimethylammonium bromide improved the 

percent water removed over the control by the greatest amount. 

lwo of the polyelctrclytes were only sightly less effective 

th~n the surfactant and produced very similar results. Chitoscln 

increased the dewatering by 32.2% and Praestol 444k by 30.3%. 

Optimum dewatering ratios and optimum settlinq ratios ccrros-

pcnded quite well for both compounds. This again indicates that 

when the particle size of the resuspended pressed peaL is at d 

maximum water removal l' ("' .::> 

Pclyelectrclytes are commonly used in separatinq suspended 

solids from sewage water. 

describe the mechanism by which polyelectrolyte& function. 
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Table 5.1. Summary of water removal data from chemically 
treated peat. 

Agent 

DTAB 

Chitosan 
salt 

Ferric 
Chloride 

Praestol 
444K 

Aluminum 
Chloride 

Ammonium 
Chloride 

Praestol 
411K 

Optimum 
ratio (wt/wt> 

0.055 

m.019 

0.062* 

0.015 

0.018* 

0.030* 

0.040 

Increase in 
water removed (%) 

35.7 

32.2 

31.8 

30.3 

27.6 

14.6 

14.0 

* This is actually the point at which the water removal 
curve levels off. There is ne true optimum. 
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Flccculaticn invclvas two procassas~ surface charge nuetraliza-

tion and bridging. The charge dansity on the polymer is an 

important factor in datarmining its capacity to cause flcccula­

ticn CSvarcvsky,1981). Bridging occurs when several particles 

become associated with adjacent charged sites on the same 

molecule. 

The particle settling data for pressed peat which had 

been treated with chitosan and Praestol 444K indicate that 

bridging is an important mechanism in enhanced peat dewater-

ing. Tha maximum, which occurs in the settling curves fer both 

these compounds, is commonly observed in suspensions destablized 

with polyelectrolytes. Toe little of the polymer results in some 

charge neutralization and less than optimum bridging. When more 

than the optimum quantity of polyelectrolyte is added one 

particle will consume more than one charged site. The polymer 

wraps itsalf <in varying degrees) around the particle, inhibitinq 

bridging. 

Peat treated with Praastcl 411K, the low charge density 

polymer displayad poorer dewataring than that treated with the 

ether polyalactrclytas. The lower charge density sites are 

probably less efficeint at adhering to peat particles and causing 

bridging. 

The data obtained for ammonium chloride additions is furttler 

evidence that bridging is occurring with the chitosan salt. 

Ammorlium chloride improved water removal by only 14.~%. Although 

this is a significant improvement it is much lass than for 

chitcsan salt. Ammonium chloride is capable of executing charge 

nuetralization only. Its charged group is similar to the primary 
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when protonated provides the positive 

(The hydrocarbon group does not have 

charge on 

electron withdrawing capabilities.> Therefore, 

significant 

the superior 

dewatering caused by chisotan salt additions must be due to its 

bridging capabilities. 

The two other salts tested, aluminum chloride and ferric 

chloride, are, like ammonium chloride, also capable of nuetrali­

zing the charged peat particles. They are, of course, incapable 

of causing conventional bridging. 

very effective dewatering agents. 

However, both proved to be 

Ferric chloride and aluminum 

chloride improved water removal by 31.8% and 27.6%, respective­

ly. The dewatering and settling curves for both of these com­

pounds show essentially a leveling off at high ratios instead of 

maxima. This is typical of data obtained when inorganic salts 

are used to enhance particle settling. 

To quantify exactly and explain the difference in ability 

of these two salts to enhance peat dewatering, a knowledge of 

all of the hydrated cations present in the aqueous phase would 

be essential <Faust, 1983). Aluminum and iron salts frequently 

form aluminum hydroxide and ferrous hydroxide when added to 

suspensions. The precipitation of either of these two com-

pounds, in addition to charge neutralization by the hydrated 

cations, may enhance coagulation. As the precipitate forms it 

tends to entrap the particles and floc is formed. It should be 

noted that using large quantities of inorganic salts to dewater 

fuel-grade peat may prohibitively increase ash content, an unde-

sirable combustion product. Qrganic polymers typically have 

acceptable combustion properties and would not create this prob­

lem (Campbell, 1978). 
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Peat treated with DTAB released 35.7% more water than 

untreated peat. DTAB is a cationic surfactant and its use as a 

dewatering agent has been studied thoroughly by Ayub and Sheppard 

<1985). They compared water removal data with zeta potential 

measurements and found that optimum dewaterinq occurred when the 

electrophoretic mobility was near zero. When less than the 

optimum amount of DTAB was added the particles were not complete-

When mora than the optimum was added tha 

particles obtained a positive charge. This is believed to be 

the r~:sult of "e>:tr·a-equivalent adsor·pt:.ion". 

adsorbed onto the particles due to the attraction between the 

hydrophobic tails of the surfactant. The picture e>:plains the 

shape of the DTAB dewatering curve. 

The optimum dewatering ratio observed for DTAB corresponds 

almost exactly with the optimum settling ratio. 

this ratio, where alctrostati~ repulsions batween particles are 

minimized. the greatest amount of agglomeration has occurred and 

it is this mechanism which, at least partly, enhances the aclid­

liquid separation. However, this does not explain why DTAB is 

more effective than either cationic polymers or inorqan1c salts 

at enhancing dewatering, both of which are also capable of 

executing charge neutralization. 

The superior dewatering of peat treated with DTAB can be 

explained by the compound's surfactant properties. 

positively charged head is adsorbed onto a peat particle the 

hydrocarbon tail is oriented outward. The decrease in electro­

static repulsions between particles caused by the cationic l1ead 

facilitates coagulation. When the particles become aggregated a 
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0 
together. This increases the driving force for particle-water 

separation. The surfactant coated particles are more hydro-

phobic and hence more easily separated from the aqueous phase. 

5.2. Chemical and thermal pretreatment 

Results from the heat pretreatment experiments presented 

here aid in characterizing the reactions which are believed to be 

tha cause of the enhanced dewatering. The changes which improve 

dewatering are further elucidated by considering the affects of 

combined chemical and thermal pretreatment. 

Tt1e changes which occur in peat during heating are apparent-

ly initiated at low temperatures. Small amounts of heat added at 

low holding temperatures (eg. 75C> enhanced dewatering. 

At low temperatures the 0 minute and minute residence 

time experiments yielded similar results. This indicates that 

the additional heat added by holding at low temperatures far 15 

minutes is insignificant. However, with holding temperatures 

above 100C a change in the amount of heat added will change the 

amount of water removed. Less water was removed when the heal up 

time was shortened <less heat added> and more water was removed 

when the residence time was lengthened (more heat added). 

Heating under either an inert atmosphere or air produced the 

same results. This implies that oxidation of the peat materials 

is net a part of the water releasing changes which occur. rh at 

there was ne change in the heat content of heat treated peat 

confirms that the oxygen content does net change substa11ially 

c during the pretreatment process <Sheppard et al., 1985). 
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Both direct and indirect methods have proven that peat 

particles possess a surface charge and that this plays a signifi-

Crulnt role in determining the water retention properties. 

Heating alters the surface charge of peat particles by inducing 

reactions which liberate or rearrange charged groups. 

and Schnitzer and Kahn ( 1972) 

that during heating of peat at low temperatures decarboxylation 

of carboxylic groups occurs and low-molecular-weight alcohcls ara 

generated by simple raarrangement of esters. 

These raacticns do net only destabiliza the colloidal nature 

of peat; they also effect the hydrogen bonded structure which is 

believed to be partly responsible for peat's hydrophilicity 

<Chorrcet et al., 1981). By liberating or rearranging the surface 

croups the interactions which exist with the oxyqan and hydrogan 

atoms in the water layers surrounding the particles are weak­

E?n6~d. 

A combined chemical and thermal pretreatment process works 

on dastabilizing the peat's colloidal properties and weakening 

hydrogen bonding. The effect of heating peat to 16~C, for 

•xample, can ~lso be achieved by heating to 11mc and adding a 

small amount of chitosan salt. Chitosan removes a larger per~ent 

of water from peat which has been haated to lower temperatur~s. 

Apparently heating to higher temperatures significantly alters 

the particle's surface chemistry and the charge neutralization 

which chito&an usually causes has already partially occurred. 

additional heat will 

bondinq. 
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c 'This c:c:mc:lLtsion is further supported by the particle 

settling data from peat treated with heat or heat and chitcsan 

salt <section 4.2.8). The data shows that heating alone improved 

the particle. settling rate by a small but significant amount. 

holding temperature, in fact, 

resuspandad particles. This indicatf:.:s that heating causes 

c:oaqu,:.-\1 t:.i C)n. The percent of particles which sattled after 1h 

from the pressed peat treated with heat and chitosan, raqardless 

c:J·f holding temperature, was approximately constant. 'lh is;; 

indicates that there is a limit to the amount of coagulation 

which can occur for heat and chitosan treated peat. 

disruption of the hydrogen bonding must be partly responsible for 

the improved dewatering of peat heated to the higher holding 

temper· .:.'ltLlr·es. 

Expressed water quality 

The Kirby-Bauer type growth inhibition studies demonstrated 

that a variety of microorganisms may be grown en expressed peat 

rhe microbe& would produce compounds to be either sold or 

dewatering agents (after chemical modific~t1un if 

Fermentation& are alae capable of remcvinq toxic 

directly to the environment. 

The Microtox teat, however, showed that unleaa hcldinq 

temperatures above 190C are used the expressed water has very low 

t. c:)>( i c: i t y 1 fi.:Vf21 •• Chitcaan addition had ne detectible affect on 

the results of tha Microtox tests. Water expressed from pre-

treated peat has net been used as a substrata for microc:Jrqanisma 
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treated peat contains significant amounts of organic molecules 

(Smith et al., 1984>. 

these substances could be utilized by microbes and actually 

reduce the cost of nutrients which would have to be added to 

expressed water from unheat treated peat. 

The peat particles present in the expressed water may be 

recovered and recycled, used in the substrata in a downstream 

fermentation er released into the environment. 

concentration is a parameter which must be considered in a 

dewatering process. Zimpro's and J.P. Energy's dewatering 

processes, both of which employ wet carbonization, have estimated 

tha averaga concentration of suspended solids ( T!:)S) in their· 

effluents to be 14m0 mg/L and 500 mg/L, respectively (Mcnencc, 

l98.:'D. 

lhe initial cencentraticn of peat particles in the expressed 

water increased at higher holding temperatures. 

chitesan salt to heat treated peat did not consistently increase 

er decrease this parameter. However, particles in tha expressed 

water from chitosan treated peat were consiBtently larger, they 

!sett 1 fid qui c: ker. This indicates that (1) as alraady explained, 

chitosan coagulates the peat particles and ( 2) the initi.:r11 

concentration of suspendad peat particles in the expressed water 

is net dependent en the size of the particles. 

breaks down the hydrogen bonded structure of peat and this 

apparently promotes the release of particles into the aqueous 

In i:l\ commen:::i.i:l\1 

suspended solids c:cnc:entratien and the 

would dapend on the pressing apparatus. 

prec:aas both the tnitial 

size cf the part1c:les 
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5.4. Economic assessment 

An economic assessment of the process is presented in table 

In processes 1 through 4 the pretreatment is thermal only, 

in processes 5 through 7 pretreatment entails heating and 

c1·1 1 tc~J;an salt <:\dd:i. t.ion. It i .-.::> ba~s~:d CHI a plant capacity of 

':? !Ill • ill i2) ill dr·y tonne$;/yec:u· o+ dry peo.\t. Cost data published by 

CoclpE?r t~~t .;:-1.1 . ( 1984) were used a>: t: 1 \..usi vel y. The moisture content 

of the product would be lill% from an 88% water content feed. 

After pretreatment water is removed by pressing with a Larcx 

filter press which works automatically in a semi-continuous batch 

The water removed in processes 5 through 7 is used to grow 

the organism R. arrhizus. R. arrhizus produces chitosan in 

excess at a price comparable to that of other flocculating 

Flash drying, which has been used reliably fer +eed 

peat, (Monencc, 1983) follows the pressing stage to yeild the 

The thermal pretreatment step is fueled by the product. 

Higher temperature processes consume greater amounts of raw peat 

per unit of product, as can be seen in the fourth column in table 

J::.· ··t 
\,,J • ..:;, • Process 3 would consume almost 

process 7, therefore, depleting resources quicker. 

process 7 more attractive whan considering long run parameters. 

Production of chitosan lowers the chemical 

the pressate <Mulligan and Cooper, 1985), and eliminates the need 

for pollution control systems. Some form of treatment would be 

required for water released from the high temperature processes 

in which chitcsan is net produced. However, this cost has net 

been assessed here. Furthermore, it should be noted that ne 
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Jabla 5.2. Eccncmic assessment of processes 

le:: 
:2c 
::~c: 

"k: 
;~;c:l 

6d 
7cl 

r·lol cling 
T'smper·atLtr·e 

<C> b 

12Ql 
J.4fll 
16:'5 
18~5 

101 
142 
165 

Water Removed 
w/ press 

(%) 

51.6 
59. l. 
68.2 
74.'7 
59. 1 
68.2 
'74. 7 

I np1..1t Raw F'et.'lt 
<tonrul\!s/ t(::mrH: 

prodl.lct) 

11ll.Ql6 
.t0. 79 
:l :l • <:y:$ 
1 :3. Ql9 
9. ::~9 

10.91 
11.9~:. 

Total 
Cost 
($)a 

:l eH. ~::A 
14<!:1. ~58 
1 ~;~~ » :.:;<:y 
.l27.76 
141 • ::~;7 
1 :~~; '7 il :.2 :2 
1::::.4. Ql2 

a. Costs in 1983 Canadian dollars/dry tonne of product. 
b. Residence time is zero, heat up time is 30 min. 
c. Thermal pretreatment only. 
d. Thermal pretreatment and chitosan salt addition. 
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process optimization has been performed for the bicloqical 

component which would reduce costs and increase yeilds. 

Rohrer (1981) has shown that adding a thermal pretreatment 

staqa to a mechanical dewatering process is economically attrac­

tive. Capitalizing on the soluble organics that heating releases 

into the expressed water yeilds a product of comparable cost. 

lhe fermentation produces a dewatering agent which reduce& the 

qu•ntity cf peat needed tc fuel the thermal pretreatment and tha 

water may be returned to the environment without further treat-

ment. 
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6. Conclusion 

Dewatering 

peat is to be 

processes must be efficeint if a fuel-grade 

produced economically in northern climates. 

Mechanical dewatering processes preceded by either thermal or 

chemical pretreatment have shown the most promising results to 

date. This research examined these two types of pretreatment 

to determine how and why they enhance mechanical dewatering. 

The improved dewatering of pretreated peat can be attributed to 

chanqes in the peat particle surface chemistry. Attention was 

also paid to the expressed water quality and the possibility of 

applying microbiology to a peat dewatering process. 

lhe surfactant, inorganic salts and cationic polymers all 

enhanced dewaterinq. Each of these compounds caused the peat 

particles to coagulate. Of the inorganic salts, which are 

capable o+ effecting a charge neutralization, ferrous chloride 

improved dewatering the most. Inorganic salts would not be 

used when producing a fuel product because of their undesirable 

~ombustion properties. The polymers Praestol 444k and chito~an 

salt, which neutralize particle surface charge ~nd form bridges 

between the 

dewatering. 

particles. were both effective at improv1nq 

A dewater1ng process enhanced by a chitosan 

derivative <e.g. chitosan hydrochloride> would incur lower 

costs and yeild better quality expressed water than a proc~~s 

us1nq Praestol 444k or any other synthetic polyeleclrolyt~ 

because the chitosan can be produced bioloqically by +ermenta­

ti~t·, with peat pressate water as the substrate. Dcdecyltr­

imethylammoni~m bromide improved the mechanical dewaterino of 

peat more than any other compound tested. This is due to the 



c 

c 

-87-

way in which th~ surfactant coats the particle rendarinq the 

surface more hydrophobic. This is in addition to the water 

removal enhancing charge nuatralizaticn cationic polymers and 

The addition of chitosan can be applied in conjunction 

w:i. th t:I"H?rmal pr·etreatmt~nt. Heating the peat, 

tively low temperatures, before pressing causes a significant 

improvement in water loss. Heating allows raactions such as 

decarboxylation to occur. The loss of polar functional groups 

from the peat solids decreases the amount of water retained by 

hydrogen bonding. The addition of chitosan to heat treated 

peat results in an even larger water loss. The effects of the 

two pretreatment& are additive. It would be possible to choose 

•~n optimum combination of thermal pretreatment, chitosan 

addition and the~mal drying after pressing to obtain dried peat 

.:·~t tiH:i.' .low~:;~~st pcs:;sible:? cost. 

lhe chitosan has a secondary effect on the economics of 

the: pr··ocGliSS. If the agent is added before pressing the 

particles in the expressed water are larger. 

the particles settle faster. 

aquecus phase and a sludge. 

These systems yeild • claat 

The clarified water reduces cost 

of pollution abatement and the solids can be racycled to the 

press to improve final product yaild. 
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The thermal pretreatment work dona hara is perhaps further 

from commercial applications than the chemical pretreatment 

work. The batch apparatus used was vary small scala. A ccnti-

nucus cparaticn would be mere likely. The affactivaness of low 

temparaturas and short residence times in such an operation has 

net been studied thoroughly, however, the results prasentad 

here prove that research in this area merits attention. 
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