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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. Fressed peat samples treated
with these compounds were resuspended in water and the weight
percent of particles settled atter 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 & 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 gquality
of the expressed peat water was monitored. Toxicity tests
showed that qrowth of microorganisms was uninhibited by the peat

waters.
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Resume
La tourbe energetique & ete traitee aveo un swiactant, wun

des trois sels inorganigues ow des trolis pol ymeres

e oharge
presed o ve . La touwbe, preablement traitee, & ete comprimes pows
ensul te  determiner 1 'effect des additits  swe ] Textraction
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ces additifs, ont ete suspendus dans 1 eaun.

Py e Wwne hewe, le pourcentage du poids des particules
deposees & ebte mesure. Les resultats obltenus ont  ete compares
aver les resuliates dextraction o eau donnant plus o informa-
tion sw 1 effet de chague additif sur la deshumification de la
o e .

Utilisant wun systeme da_bain chawe, la tourbe est chawffee

A& e  tenperature inferieure a JOAC avant la deshumification

mecanigue. Des variations ont  ete faites aveo des parameblres
thermi gques.

fpres trailtement thermigque, la deshumification peut etre
gncare plus augmente par 1 addition de chitosan hydrochlorique,

un des trois polymeres de charge positive.

j—

Ceffet de plusiewrs traitement  suwe la gqualite de 1 eau
eler tourbe & ete  observees. Des test powr contamination ont
mattre que e developpemsnt de microorganismes na pas ele

aftecte par 1 eau de touwrbe.
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i. Introduction

Feat is & heterogeneows substeance derived from plant
matter in aguatic environments called bogs. Feat is composed
of inorganic and organic solids and water. The agueous
fraction typically comprigses Q% of its  weight, When a Larqge
partion  of  the water is removed the solids resaining are a
poterntial fuel.

Feat has been burned to generate heat for centuries in
Northern Europe. Feat derived fuel (FDF) is used in the USSR,
Ireland and Finland as & boiler feed to generate steam for
@lectric 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 pwwc@ded
by @ dewatering process.

Lole PFeat resouwces and clasgsification

Ernown world peat resouwrces are approximately 420.8 million
hectares. Feat resouwrces in North America are vast and mostly
untapped. In fact, at present there is absolutely no commer—
cial wuse Of peat for fuel in either the United States or Canada
(Funwani, 1981). Estimates of peatland rank Canada first with
170 million hectares. PFeat has been identified as the second
largest recoverable energy source after coal in the Unidted
States (Bettinger et al. 1983).

Chemical and physical characteristice of pealt deposits
vary widely. Properties depend on the type of plant matter
which has settled in the bog, the organisms which have aided in

decomposition and the climate.
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The most widely used coriterion for classifying peat in &
natural deposit is degree of decomposition. One universally
accepted method based on humification was developed by the
Swedish scientist L. von Fost in 1926, Useful in the field,
the ven Fost scale ranks peat according to the color of water
it releases when squeered and the degree Lo whi@h the plant
remaing are identifiable. Fegat is ranked in ten categories.
Hi peat releases almost clear water and the plant remainsg are

3 ly  ddentifiable. Hid peat has no discernable plant

structure and the wet peat escapes between the fingers when
sgueezed (Cooper et al., 1984). Table 1.1 shows how the
@lemental analysis of peat samples varies with degree of
decomposition (Fuschman, 1980).

The U.8. department of  agriculture has developed a
classification system (1978) which is alao based on the deqQres
o+ decomposition. It is actually & simplified version of the
vor Fost  scale. There are only three categories: Fiberic which
corresponds to von Post  HI to M3, hemic,\ vorn Fost  H4 to Hé
and sapric.

According  to Farnham  (1981), for  energy applications,
classification should include caloric value, bulk  density. ash
content, sulfuwr content and percent of Ffines including collolds
in the peat material. Fopstein (198@) in discussing the WU.8.-
D.OWE. peat  program list the following reguirements for {fuel
arade peat:

o contain at least 18500 ki/kg (dry basig)

2. omust be 1.9 meters or more in thickness

T ocontain less than 285% ash by welght (dry)
4. contain at least 8@ acres of contiguous peat per
square mile
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Table §.1. Variation in elemental composition with degroe of
Mumitication.

Ly craad o Humd f i cation Humification Humi+ication
Element H1--k.3 H& -7 HY--H1@
Carbon (4) 48355 He-08 Pl X
Hydrogen (4) He@-bal H.5-6.1 Hedwbol
Oxyagen (%) 4 ' Y L -4
Mitrogen (4) Q. %-1.0 @.8-1.1 o1,

Sl fuer (A g.1-@.2 @B, 1-00x @,
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I+ the +fuel grade peat is to be dewatered mechanically, water
retention properties are also important.

Feat may also be classiftied on a chronological seale with
ather solid fuels. There is a continuum of coal grades,
ranging from the oldest, anthracite, which has high £ixed
carbon, low volatiles and low oxygen content, tm‘pemt Coftan
refered to as & “voung coal'’”) which dis typified by high
valatiles and oxygen content (Rohrer, 1985). In between peat
and anthracite lie sub-butiminous coal, lignites and brown
coals.  Feat dis compared to other fuels in table 1.2 (Monenco,
1981).

There are many properties which distinguish peat as a fuel
from coal. Being 920% water and found in surface deposits, peat
may be extracted, nondestructively, with +$loating harvesting
@cuipment . Once extracted, post excavation reclamation is
relatively inexpensive and effective. Many peats have extrema-
Ly low ash content making them more attractive for direct
combustion inm o0il fired bDoller plants not readily convertible
to coal (Rohrer, 1961). Peat ie typically lower in sulfur than
caal. This eliminates the need for expensive fuel desulfurda-
ation processes o pollution comtrol g, Fulhermorea , Ly
higher volatile content of peat makes it a more attractive
teadstock for gasification processes.

L.de  Peat dewatering

Current peat dewatering process designs include three
stages., The pretreatment stage entails either heat addition or
chemical addition, The pressing stage removes hDetween SEY and

83% of the water depending on  the nature of the peat and the
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Yable 1.4, Ffroperties of Feat and Related Fuels

Fuel

et venes sisse saren KonUS GHIse HBLSH IOTAL Aotk Rebbe Lol Erend becds enre TUBES WSO SR SS000 N SeSdE PISSO FRUSA Seenp WOSd MRS Soere NOSH UATAD Voo AABRS Soush iee HANG seomd Imast BeF0 WIAA STVBE SHIIY SaAeR Si%e ddbbn Shstn seebe babte Somma Beeas SHrRy tanes mes

Wood Feat L.ignite Bitumi -
TS

Carton (A 4850 el AR Y Y Th=-T8
Hydroagen (%) L. B~b G 5.0-6.5 4,558 HoE-5.0
rygen (A, 28-42 -4 2050 2.8-11.08
Nitrogen (4) Q.23 L.@=-2.5 1-2@ PO ¢ R )
BSulfur A w @.1-0.2 13 o
Aah (1) m.4wm.£ 210 b-1@ 4 1@
Vaolatile (4) 7 e b7 B L0
Moigtuwre (%) RQ-EE 4060 4@ &8 B3

Heating Value® 18400~ 19700~ SDiva-
Chd kg 1950a o 74 1¥y) S SDW

* On & dry basis.
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effectiveness of the pretreatment. Finally, the desired mois-
ture content, usually less than 50%Z for peat fuel, is obtained
by thermal drying.

The most energy intensive step is the last, thermal drying.
It bhas been variously estimated that, depending on the system
used, the heat required for thermal dewatering can range from
500kd 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 3532 kd/kg of water evaporated.
Flash dryers are available from Ahlstrom Company. They are
rated at 3128 kdJ/kg. EBell Engineering Works manufactures fluid
bed dryers for peat which use 3340 kJd/kg of water evaporated.

To appreciate the energy cost of thermal drying consider a
dryer consuming 3000 kdJ/kg of water evaporated. To vield a
product containing, say, 10% moisture content +rom 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. Froducing a fuel grade product, heat
content 22,000 kd/kg of dry peat, more than 304 of the dry

product would be burned.

Mechanical dewatering reqgquires far less energy than thermal

drving. Fowered by electrical energy, presses consume in the
order of 20 kJ per kg of water removed (Monenco, 1983). Howe—

ver, mechanical means will not bring the moisture content of

untreated fuel grade peat below 55% (Funwani, 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 manuwfactures a
twin roller "Vari-Nip" +filter press which can increase the
solid content of raw peat to 3I@% (Monenco, 1983). Sulzer
Brothers ' "Multi-Nip" belt press produces 6372 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 32% dry solids (Smith, 1984),
1.3. PFretreatment

fhe ocbjective of pretreatment is to reduce the cost of

(] N
dewatering. Fretreatment processes reduce the hydrophilicity

of peat and, therefore, facilitate mechanical dewatering. .

Increasing the amount of water removed during pressing dec-—
reases the burden of the more expensive thermal drying ;ﬁap;
Rohrer (1981) performed an economic analysis on two dewatering
processes, which differed only in one unit operation, the
inclusion of thermal pretreatment. He concluded that thermal
drver 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
dewatering processes: chemical pretreatment and thermal
pretreatment. Chemical pretreatment is, simply, the addition
of ‘“"dewatering agents" to the raw peat before pressing.
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 destabilizing the
colloidal nature of peat. A Finnish company reports  that peat
slurry can be mechanical ly dawatwr@d to S585% moisture content in
a belt pregs if electrolytes are added to the slurery (Funwani,
1985 . However, most investigations into chemical pretreatment
have only on a laboratory scale.

In a feasibility study by Cooper et al. (19iﬁ5 & undoue,
multi-sten dewatering process was developed. This process g
represented in figure 1.1, In the process organic material
dissolved in the expressed water is used as the substrate for a
faermentation. The fermentation step removes dissolved organic
conponents from the water and vields biological surface active
agents (Mulligan and Cooper, 198%). These compounds, when
added to the peat before pressing increase the amount of water
raemoved., The chloride salt of chitosan, & polymer of glucose-
aming found in the cell wall of many fungi, when converted to a
cationic molecuwle, figure 1.2, proved to be the mnost effective
dewatering agent. Using fuel grade peat from Barrington, Nova
Gootia, more than 61%4 of the water was removed under optimum
conditions.

Water removal data for several dewatering agents tested Dy
Cooper et al. (1984) ig shown in  table L.X. ALl of these
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 Last
conpound shown  in table 1.3 is a swfactant produced by the
organiam Bacillus Subtilis.

Synthetic swwfactants and  dnorganic salis ‘hmvm al s

significantly ernbanced the mechanical dewabtering of fuel grade
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Figure 1.2. The Transformation of Chitosan
to a Charged Polymer

R=NH, * HCl — R—NH; Cl
chloride salt
of chitosan

p— ) em—

chitosan -
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Table 1.3, Data for Several Dewatering Agents*

Dewatering Water Initial Final
Agent Removed Moisture Moistuwre
(%) (A (A

4nass Seess 00000 Shibe Vs ANR® shess MAes SOISD TISH bR SHNIE HAUS SUEM 1OOUE TROFS SHISL A SriRe Siese Wish VReSp COML U BerRL sste Giem 1900 Ibves HOO0) Weor Smas seset HER SONRP PRS0 N TS kse SH1AD oot Hirds LEPYE R SLISH WS FHWWN THeRS TASOR SHITH SRV SIDRA Sebe LAase LMK Fevts FIERD SIS VISR ST ABNSS sesed RIS beted

Control S2.7 87. 76.5

i

Chloride salt bl.7 gu. 9 Ta.0
of chitosan

Lipase 58, 8 87.3 75,9

Eoterase 27 | 87,3

~
o
t

i

B. Subtilis 60, @ 87.3% TECE
precipitate :

¥ An peat from Barrinton, Nova Scotia was used. The peat was
pressed for 2.9 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 negatiyely 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 coaqgulation 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 (Gilman et al., 197%9). . 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 more drama-—
tically when chemically pretreated than dewatering of less humi-
fied peat. Cooper (19835) 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 (1L98%5) have shown that surface charge
plays an important role in the dewatering of peat. Pretreating
peat samples with a cationic swwifactant, dodecyltrimethyl-
ammonium bromide, lowered the seta-potential of peat particles
and produced & corresponding increase in water released during
prassilng. In fact, when the concentration of %ur%éctmnt added
magtralized the swéace charge of peat, i.e. at 2ero zeta-pot-
ertial , madimum water removal occcurred.

As early as 16850 it was known  that the water-bonding
gtructure of peat could be broken down by heating it (Chornet
@t oal., 1981). Since the mid-nineteenth centuwry peat has been
thermally treated in & variety of ways. These include both
batch and continuous processes, with and without oxygen and
under varying degrees of heat and pressure. Current pretreat-
ment processes fall into one of two generic categories, wet
carbonization and wet oxidation.

Im the wet carbonization process raw peat (solids content
less than 15%) is heated at relatively low tesperatuwres
(18Q-350C)  in & pressurized reactor. Residence  fimes are
wswally less than one howr. Heat is provided to the reactor
from an  external souwce, freguently & steam generator wsing &
part of the product peat for fuel. Wet carbonization provides
two benefits. It (1) promotes dewatering and 2) enhances the
Meating value of the peat by improving the oxygen to carbon
ratio. Refore entering the reactor the pealt slurry 16 often
preheated in an extensive and sometimes complex healt exchanger.

Wet oxidation processes attempt to rveduce the esternal

heating requirements by oxidizing (bhurming) & fraction of the
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paat as & slurry. Burning camn  be indtliated by preheating to
the ignition point and then supplying a souwrce of oxygen to the
slurry. Unce the reaction ig started, the rate and extent of
aoeidation will determine the pretreatment temperatuwre (Gallo
and Sheppard, 1981)., Overall thermal efficiency for wet
oxidation processes 14 lower than for wet carbonization
processes largley due to combustion of & large fraction of the
faed during the former (Sheppard et al., 198%5).

Table 1.4 (Monenco, 198%)  highlights several parameters
important to  three commercial dewatering processes which apply
heat pretreatment. Flans for construction in Sweden  and the
UeB.A. of plants wsing the JP Energy process, for which the
Morth American licensee is Wheelabrator-Frye, have been drawn
upe The Zimpro process, developed by Ziapro Inc. of Wisconsin,
Mas been tested swuceesstfully on & laboratory scale. Thie same
e true  for the NRO/Sherbrooke work which wses high spesd
Peating, comprassion and pressure release in a relatively low
severity process.

Although the benefits of heat treatment have beaen Enown
for aver a century accepted mechanisms of how  the peat §is
altered, chemically and/or  structurally, have yet to be
developed. This research is difficullt bhecause paalt is & very

heterogeneous matter, This het

progeni ety i cduwe to the wide
range of plant matter that collects in & single bog and the
large number of routes of decomposition which  yelld the
farmation aof peat.

Chemically, peats are composed mestly of  organic mate-

rial . The small percentage of inorganic materiale (G-10%)
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Table 1.4, Comparison of Dewatering Frocesses

AIVSe so4sd Y0P Gt Srate (90 Ttewy FVIe swAst bisee PV 4MAES SFIOH BNCSS beime WSS WALKL broet Nass SOLIE b0t IHS e

Modul e Reactor Conditions Moistuwre
Content

U1 S e 110 same e e Srem P00 400 S0 (oo v Vs

Frocess Bize

Size Temp Fress Time Filter Froduct
(k. tonnes Q) (kFa) {minm? Calkea (4
per year) (%)

AP S0408 Yo Sarse Shen A4at TOANL 1S Ate SN TGS FOASE AeRY SRS 4090 VRO FIVY MU 1V Thbem hes Hiekh APUL 6O NI 000y Ehery dotey SOmD Pasrs seese BFLIY CAORE OO0 SORLE Soiad hbd 1US0S S MM TOID FERRS b Vew ML 6094 JRLSR SRS M TAALL LT losee Somd amtad hadm OO SFBON 400N NS SORRY chemt Feben 1rReE

JE-Energy 123500 210 2500 50 ] 2%, g4
Limpro BE-2T7 150 217@ 1@ o] A5

NG/ 1900 - 4140 1 i -
Sherbrooke

1 1 4290 Foeem sbece SoAAD demis SMDSE soute oYEes saeer $bte RARA FIOGA st Mest Temis LAIF Bevs Fedse SHAYS (SN Von Femme SPETH AR SITID b MOANK SOOH AERY PSS FHECS Soebe (1B AESAN WPINS TAES FIAMD LSS SheRE Eets A
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usually present does not have a significant effect on dewaterina
characteristics. The organic material exists as an enormously
complex mixture derived 4rom chemically stable residues of plant
tissue.

A4 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 agueous 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 3I50C, however, physical changes may occur at
lower temperatures (Fuchsman, 1?80).

Because' there exist no accepted conventions on procedures

for separating peat compouhds, and, furthermore, because each
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peat sample is different in its chemical make wup, the distino-
tioan between classes and even the characterization of the
classes is  often very subjective. Marny awthors tend to define
the categories in their own way. However, an attempt to define
the humic  acids, lignins  and carbohydrates commonly found in
peat follows.

HMumic acids which are exctracted Fform peat by dilute
alkaline media, are amorphous, brown or 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%4 of the dry weight
af peat. After alkaline extraction of peat, acidification of
the solution causes precipitation of the humic acids, however,
another class Of compounds, fulviec acids, remain in solutions.
Fulviec acides are closely related to humic acids. They differ
principally in  molecular weight and functional group content,
with the fulviec acid fraction having a lower molecuwlar weiloht
but a higher content of odygen containing functional groups per
wnit welght., A wide wvariety of chemical degradation experi-
ments on humic acids and fulvic acids have shown that the major
degradation products are phernol i and  bhenerenecarboxylic
acids. Schnitzer (1985 has  suggested that  these benzene
carborecylic acids and phenolic acids are the "building blochs®
of  humic  and fulvic acid. He  believes thalt the molecular
forces holding the "building blocks" together are similar in
both fractions, consgsisting mainly  of hydrogen bonds, van der

Waal s +torces and pi-bonding.
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Lignins are closely related to humic acids chemically;
both substances are polyphenolic in character (Fuschman,
1980). The lignin fraction can be extracted from peat with a
strong base. Between 10 and 15 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—bropyl chain
and in one or both ortho-positions by methoxyl groups. These
units can be linked to each other in many ways, usually through
oxygens 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 functional group in humic acid is the
carboxyl group (about B mmoles/gram) which is not found in
lignin's structure, (2} the solubility in dilute alkali of
humic acid but not of lignin and (3) the high concentration of
methoxyl groups in ligning 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 hemicelluwlose,

chitin, glycoside and cellulose. Hemicelluloses are highly
complex substances. Each molecule consists typically ot
L0300 sugar monomer units. The hydrolysis of peat hemicel-

luloses yields glucose, fructose, mannose, galactose and xylose
among others. Chitin, which is commonly found in the cell
walls of microorganisms, is a linear polymer of N-acetyl

,
;]

glucoseamine. The third type of carbohydrate found in peat,
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glucosides, constitute a varied group of substances consisting
of sugars bonded to noncarbohydrate molecules. Fimally,
cellulose, which is & polymer of glucose molecules, is the
principle material found in the +tibrous parts of plants.

In typical wet carbonization processes (temperatuwres above
1830 1t is known that the chemical structure of pmét undergoes
significant change. It is these chemical cohanges which &re
alieved to facilitate the de-watering of heat treated psaalt.

Less work has  been  dong  on heat treatment processes bDelow

20AcC. However , even at 780 peat de-watering is enhanced
significantly (Cooper et al., 198%) . Only & small amount of
research  has  been devoted to characterizing the chemical
reactions peat undergoes when heated under these low severity
conditions.

Chornet et al. (1981) studied & low severity wet carboni -
zation process in which paaﬁ was heated to SQC and 1900 for
el clerrce timé% of approdimately one minute. Theilr main goal
was to wse shorter residence times to achieve breakdown of Lhe
hydrophilic nature of the peat substrate. Specifically, they
believe that short residence times are sutficient for hydreo-
lytic reactions to ocour. These reactions are reported to be
acid catalyzed and cause the destruction of the hydrogen
bonding which exists in the carbohydrate fractions, bemicel -
Lulose and cellulose. The principle chemical changes recorded
in this process where: (1) a Sfitty percent reduction in the
base soluble—acid soluble material (this corresponds  to Lhe
fulvie acid fraction described earlier) and (2) an increase in

carbon content and a decrease in oxygen content in the proc

s peat.
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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 decarboxvylation 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 decarboaoxyla-
tion of acid groups, dehydration by splitting off water Ffrom
hydroxylated aliphatic structures and generation of low-molecu-
lar-weight alcohols by simple rearrangement of esters.

Schnitzerr and kKahn (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 104 of the
carboxylic acid groups in fulvic acid. The main reactions
governing the pyrolysis of humic acid are believed to be (1)
dehydrogenation (up to 2000): (27 a combination of decarboxyla-—
tion and dehydration (between Z00 and 250C); (3) continuous
dehydration. The main reaction determining the pyrolysis of
fulvic acid is dehydration.

1.4. Enpressed water quality
In devéloping a peat dewatering process a parameter which

must be assessed is the quality of the expressed water. The
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guantity of effluent released in a process designed Lo de-water
fuel grade peat is generally 8 to 9.8 times the weight of the
dried product. A mediwn size plant of 300,000 dry T/a wouwld
annual ly discharge 2.7 million cubic meters at a rate of 26Q
cubic meters per hour (Monencao, 198%) . Two types of peat
extract present in  the effluent must be cmmﬁidmwwd: the
susapencded solideg and the dissolved organics.

In de-watering processes using strictly mechanical and/or
thermal evaporation means, the liguid effluent is considered to
be chemically and biochemically wnehanged. In guch cases only
the suspended solid concentration is important. However , the
typical  wet carbonization process subjects peat ta high
tenperatures and pressures. Decarboxylation occurse and p@atliﬁ
broken down  into  lower molecular weight compounds. A good

amaunt of  data has  been compiled showing that  many of these

organic molecuwles are dissolved in  the water wwlmm%md by
thermeal prwtraétmﬁnt de-watering processes (Washburn % Gillis
Pesoclates Ltd., 1985 . The concentratioln  of organic mol e
cules must be monitored to inswre  that toxioc effluent i not

retuwrned Lo the envirvronment.
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S Ubjectives

In order to produce an economical fuel from peat a&n eneray
@fficient dewatering method is essential. Mechanical pressing
consumes  relatively low guantities of energy. Fretreating
the peat either mechanically or chemically facilitates mechan—
ical pressing. Therefore seven compounds possessing a range of
properties were used in pretreatment studies with the intent to

(]

arming thelr optioum effectiveness and how they alter the
colloidal properties of peabt.

The second objective was to determine the effects of low
temperature heat pretreatment on the dewatering of peat and to
ek some insight into how heat effects the water retaining
structure of peat. Combined heat and chemical pretreatment wase
to be studied.

Feat dewabtering processes yvelld large guantilties of expres-
g waltier. (3f tarm dwmwndiﬂd G the from of preteeatment . Lhe
walter is btoxico. Therefore, the third objective was Lo monttor
Lhe quality of ’pmat water removed froam pretreated peat amd
assess, Lo some extent, the possibility of growing microorgan-

iams on this water.
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3. HMaterials and methods
3.1. Mechanical press

The blue print for a peat press die was obtained from the
Ontario Research Foundation. The die (figure J.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 cvlinder of 4.5
inches, connected to a 96 psi air line was employed. A& double
acting cylinder was éhosen so that it could be used to insert as

%

well as retract the piston of the press.
J.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 S minutes. The sample was then tfansferred 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 %
moisture content values to be accurate to within +/- 24 abso-
lute, using the 95% confidence interval.

F.3. Control pressing procedure

The control procedure was fhe same as the standard
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Figure 31 Diagram of Peat Press
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Table .1, Analysis

Component
Anal v ed

fAabt content ()
Carbon (4)

Hydrogen 4

ygen (74)

SBudfure A

Mitrogen 4

Initial Moisture (4
Degree of Decomposi-

i on (von Fost Scale)

Caloric value (MJ/kg)
Gonmd sture free basis)

of
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the Barrington,

11.8
. g
H.0
25.8
@.5

oy
e

Bo-9 2
HY

25.@

MaB.

perat
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pressing procedure  except the peat was pressed without peret-
raatmeant.

ol
%

A Caloulations of the water content of peat
ALL pressing studies were done in triplicate. e values
are an average of the results from three pressings.

Watear Content of the Unpressed lFeat

wt of water in sample

walter content =
wt of dry peat in the sample
Water Content of Pressed FPealt Samples
werd ght of water in pressed peat = wt of pressed sample -~ wt of
pressed sample after deyving

4 moilsture content of pressed peat = wt of water in pressed sample

PR 7414
wt of pressed sample

Wt of water in pressec

waber content after pressing =

wt of dry peat in preseed sanple

weaiaht of water removed by pressing = water content of wnpress

water content of pre

sl e at
[répant

wht of water removed by pressing
7nowater removed = . 1@
wt of water in unpressed sample

. Freparation of the chloride salt of chitosan
The chitosan starting material  was purchased from the

Sigma Chemical Company, St. Lowis, Moo 9 ¢ of ohite sal b

weere added to S0 ml. of hydrochloric acid. The mixbure wat
stirred and heated at 700 for 2h. The sclution was then cooled
by means of an  dce bath and acetone was added until & white
precipitate appeared. The precipitate was collected by vaowaun

filtration and washed twice with 10@ml. portions of acetons.
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. The white solid was air dried.

S.6. Other dewatering agents

The two synthetic +flocculating agents, Fraestol 444 (high
charqge cationic) and Fraestol 411k (low charge cationic), and
the salte, dodecyltrimethylammonium bfomide, ferrous chlouride,
aluminum chloride and ammonium chloride were purchased trom the
sigma Chemical Company.
Ge /e LDetermination of concentration of suspended peat solide

brpregssed water from an untreated peat sample containing

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 for 30 seconds, to insure uniformity, several milli-
liters were transfered to a cuvette. Absorbance measurements
were taken on the Hitachi Ferkin-Elmer double beam spectro-
phiotometer at 6@80nm. Using linear interpolation and this data
(Figure 2.3d) provides an easy method for determining suspended
soulide concentrations in peat water samples.
.8, PFarticle settling measurement on pressed peat

frfter a peat sample had been pressed, a SV mg section was
taken and added to 10 ml of water. The solution waszs vortoxed
for 30 s in order to resuspend the Apemt particles and then
transfered to a cuvette. A reading was taken 1mmediataely and
agayn after one houwr, on the spectrophotometer. the weldht
parcent of particles settled was then calculated as follows:

I = initial reading

F = final reading (after 1 h)

% settled, 6@ min = (F - 1) / I
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Fercent absorbance (é6udnm) of suspension of peat
particles in water versus concentration.
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Approximately 20 milliliters of expressed water were reco-
vered from pressing after pretreétment.. 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 Farr 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
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 1in
cold water. The temperature was monitored by a Truetest dial
thermometer "placed in the thermowell which was immersed in the
peat. Atter removal from the vessel the peat was pressed and
its moisture content determined.
Z.11. Heating with an inert atmosphere

Beftore 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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et Heating with stirring

During the standard heating procedure the peat was sticeed
at 120 rpm with the propeller stivrer attached to the head of
the pressuwre vessel.

B3 Growth dinhibition studies

A ostuwdy  of the inhibitory efftects of peat ruan-oft water

2cl pealt  water was preformed. A varidation  of the

arnd preg
Firby-Hauer method for determining bacterial sensitivity to
antibiotics was emploved Lo determine the inhibitory effects of
the peat  waters on variows microorganisms. The revised method
involved growing pure colonies of the variouws organisms in
shake flasks  and then innoculating standard agar plates with
the organism to be tested. Then, sterile filters, which had
been pre-soaked in the pressed peat water or the peat run-off
watar, were placed on the plates in variows locations. Ihye
geores of dnihibiton to grmwth was Judged as follows. First,
Lhe area of clearing was calouwlated atter 24 hours. This gave
& rough dnitial ingdication of how sensitive the organism was Lo
bhe peat water. Ther 1 arger the area of clearing, thse more the
crogantsm was dnhibited by  the peat wabter, Therm, the ares of
clearing was recalculated after 48-72 howrs. This measueamert
determined i+ an organism  could adapt  to the new enviconment
arnd begin to grow again, naormally.
Sedde Towicity of expressed water and heat  content of bheat
trealted peat

Drried peat samples which had been exposed to & variebty of
pretreatment processes were sent to the NRC Atlanmtic Research
Laboratory (Feat Froagram)  for  determination of caloritic

value. Expressed pealt water samples were sent to the Ontario

Fessaroh Foundation for "Microtor" te
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Chapter 4. Results
4.1. Chemical pretreatment

Cationic polymers, inorganic electrolytes and cationic
surfactants enhance the mechanical dewatering of fuel grade
paat (GCooper et al., 1985) . Several compounds, esch from one
af  these categories, were investigated. To optimize the
effectiveness of the dewatering agents esach was added to raw
peat samples at various weight ratios (weight of additives/-
weight of dry peat) before pressing. The molstuwrse content and
particle settling rate of the pressed samples were measured.

L P R Folvelectrolvies

Three polyelectrolytes were tested. Two  of these,
Frasstol 411K and  Praestol 444K, are commercially available
synthetic polymers while the third dis the chloride %alt'mf
protonated ohitosan. Feat samples were treated with the
polyvelectrolytes and pressed under standard conditions. 114
milligram section of the pressed peat was resuspended in water
ancg  the settling of the particles was monitored for one
RI-IRT The remainder was dried to a constant weight and the
gquarntity of water removed was caloculatecd.

Table 4.1 shows the results of additions of chitosan
hydrochloride., When pealt wasg mechenically pressed withowt any
chemical addition only 32.1% of the water was removed. When an
optimal ratio of chitosan salt was added (B.02 welight chitosan

salt /o welght of drey pesat) the water removal improved to &5 9%,

ta bhe  maximam. Feat  treated with a ratio greater than s

optimuam ameount of chitosan produced increasingly worges recults.
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Table 4.1. The effect of chitosan hydrochloride on mechanical
tlewatering.

Ratio of fAmaunt ot Water Mol sture
Ghitosan water removed r e mey el content of
to dry peat (kg water/ (%) pressed peat
(Wt /Wt kg dry peat) (A

Control 2,54 321 B3,
@. B4 325 44,7 §0. 1
0. 019 4.68 64,3 72,
@. Q5 4. 65 63.9 72 A
@. w4z 4.49 61.7 I
@ . 05Q 4. 83 6.9 74.0
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I figure 4.1 the data from table 4.1 is plotted. Also
plotted is the settling data from resuspended pressed samples
which had been treated with chitosan salt. The  maximum
settling rate ocourred at a chitosan salt ratio that was VEY
close to the chitosan ratio where the maximum amount of waler
removal oooureed. This figure shows that the %éttliﬁq a6
curve  and  the water removal curve follow a similar pattern.
The parameters increase at  lower ratios of chitosan  and each
raachaes &  maxdimum. After  this maximan, each beging to dec-
PED R 6D

The same investigation was undertaken with FPraestol 411K
arncd Prasstol 444 to  determine whether this relationship
hetwesn water removal and particle settling rate was unique to
chitosan or  whether it was common  to other polyelecterolytes.
Results for the high charge density, cationic FPraestol 444K are
presented in Lhable 4,2, g the amouwnt of Praesstol 444K addecd
to & peat sample is  increased, the water removed increased,
reaching a  maximuam of Sac A% at a ratio of @.QL% wh additive /
wt dry peat. When more than 0.01% grams of Fraestol 444K per
gram of dry peat were added Lless than 62.4% af the water was
released. Thus following & patterm similar to  the chitosan
data. HMHowever, increasing the Fraestol 444 ratio above the
optimuam yellded water removal data which drops  off nore
dramaltiically thamn the chitosan water removal dabta.

The data in table 4.3 along with settling data for pressed

samples which had been treated with Frasstol 444K is plotted in
Figure 4.8, The settling curve again has a shape sinilar Lo

the water removal curve. Resuspended pressed peat treated to
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*/s Settled, 60 min
o]
T

Water Removed (%)

0 0.01 0.03 0.05
Ratio
Figure 4.1. Enhancement of water removal from peat treated
with chitaosan. Water removed ( A ) and percent

settied after €8 min ¢ .) versus the ratio of
chitosan to dry peat in the sample (wt/wt).
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MFable 4.2, The effect of Fraestol 444K on mechanical
clerwat er i ne .

Hatio of Amount of Watar Maisture
Feasstol 444E water removed Femoved content of
to dry peat (kg water/ (%) pressed peal
(Wt /wt) ko cdiry peat) (%)

444 Tery e S ot TS AHSE (AR SheM ob9 FYTPY S04 et VN drree Svven oeiag e <VPRS IOSE OO STRM $P00T LAPED 10089 TR STIRG A4S TRTH G300 FID AONIE AV CiT D13 deroe TRPTE FUOSE LY IR AAEER TP SOV SN AL SRGEL 1OOSE ChD sarBL FYOFS FCURE SFIBE e HLAMD a30ts MAFRC

>
L4
s
T
’J €
8

Control 2408
0. aa4 1.97 54,0 76.8
@.31s 4.54 &2, TE.E
.31 4.02 Ha. 2 7ha G
0. iy H.21 44,1 8.

B.asy e b ) 6.0
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Water Removed (%)

30

|
0 0.02 0.04
Ratio

Enhancement of water removal from peat

treated with Praestol 444k. Water removed (A)
and percent settled after 60 min (.) versus the
ratio of Praestol 444K to dry peat in the sample
(wt/wt).
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a ratio of 0.015 settled fastest , 95.05% after one houw. Thig
ratio is exactly the optimum Praéstcl 444K ratio for water
removal. Further comparison of water removal and particle
settling indicates a correlation between these two parameters.

Fressed samples treated with Praestol 444K were observed
to be very "sticky" or "gummy". This was not obserQed for the
chitosan samples.

Data for the low charge density cationic polyelectrolyte,
Fraestol 411K is shown in table 4.3 and plotted in figure 4.32.
This polymer was not as effective at enhancing dewatering as
Fraestol 444K or the chloride salt of chitosan. The maximum
water remova; with mechanical pressing, 47.7%4., occurred at a
ratio of 0.040. The water removal curve has a shape similar to
the water removal curves for the two other polyelectrolytes,
however, it does not correlate well with the settling curve.
A optimum settling ratio was not measured in the range of
ratios 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
(DTAR), which has surfactant properties. Each compound was
again added at various weight ratios  (weight of additive /
weight of dry peat) in order to characterize and optimize thelr
effect on water removal and pressed peét particle settling.

Ihe results for ammonium chloride are shown in  table 4.4.
This salt was not as effective a dewatering agent as clitosan

~e

or Fraestol 444k, Maximum water removal was S5.2%. This is &
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Talble 4.3, The effect of Fraestol 411K on mechanical
dewatering.

Ratio of Amount of Water Moisture
Fraestol 411K water removed removed content of
to dry peat (kg water/ (%) praessed peat
Gt /7wl kg dry peat) {7

AfS 4 G4ran 499 SOPYD TOOLH SReRD FSRER P STRAP SOSPE AETIE SBMAR IS0y BRESH SeRes 4 HENS SLPOE HAFRG SOPES AN Dabke Srus® PO OFTME OB (SFOR SOAGS AP AHHOD PISN FRME SELSD (SIS SUIRK NI SHTE LOPYE A0S LEMR 1IORE HARE OhbGE TR FEANY Sise SAASN Ge0Th IARRR fosds arRAR VsOH SEKW BN OMTS sunbr séma STV R orree

control 245 BEG7 (=YY
@. DDA s x4.8 B2.6
%.010 .04 41.8 80,9
.41l T0EB 46.4 7746
@. @b B2 45,3 @,
@. 04 2,47 ' 47.7 9.2
W. a5 X481 4é .8 79,5
@. 056 Aa 4% 47.1 79.4

D.0&S 2.82 aB.7 8l.7

SN e 43 DAL Vot hekee Sasat S APMY SHR Gaton L4ReS Shens Pes Seruk Shew eekt ML febe FOMA Se0ee (P TENI Ssey SAINE fhem KA TRbfs FOLAS MM Shere beise Seves fime IV Fr4b SOSES IR LHA FIOM IAAW SOEI Fayet 4ISPR St EERNS TR ROASN DIAME LoWE TS b LRARE IR ERMMA S0RRR verie SheRE s A



O

100[

/s Settled, 60 min
(o))
=
Water Removed (%)

Figure 4.3.

-39-

50

&
(]

30 | B |
0 0.02 0.04 0.06
Ratio

Enhancement of water removal from peat treated
with Praestol 411K, Water removed ( A ) and
percent settled after 6@ min ( )y versus the ratio
of Praestol 411k to dry peat in the sample
(wt/wt).
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Table 4.4, The effect of ammonium chloride o meghanical
dewatering.

HRatio of Amount of Water Mod stour e
ammenium chlo- water removed removed content of
Fide to dry peat (k¢ water/ (%) presesed peatl
(Wt /wt) kg dry peat) (%)

Control 2.78 38,2 Co81.8
?. 004 .80 R, 2 777
?.010 4,02 T A 765
@w.oL7 .80 B 77,7
@. 030 A8 552, 8 774
D, 043 380 R 77,7

@. 048 BLT77 Bl.8 77,8
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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 for the
polyelectralytes (figure 4.4), Thiea Ffigure shows that both
walter removal  and particle settling increase, reach & maxdmam
ard then drop off as the ratio is increased, %imilmr to the
pattern observed for chitosan and Praesstol 444k, However, the
chrop off de much  less pronounced  and the water removal curve
does not correl ate with the particle settling curve.

When @.062 aqrams of Fferric chloride /7 gram of dry peat
were added before pressing, 68.174 of the water was removed,

SB% O more  than  the control (Lable 4.9 . Thie result was

sive but it was attained at & much higher concentration
of additive than for previously studied molecules. Above this
ratio Fferrvic cholride’' s eftectiveness leveled off CF 4 gruir e
4.5 . At B.A62, 4% of the suspended particles settled after
ane howre, & significantly greater percent  than the control.
Farticle settling continued to increase when a larger ratio was
wsed, yvellding a curve which does not correlate with the water
FeEmaval  Cwrve.

Water removal data for aluminum chloride s presented in
table 4.6. The water removal was enbanced (mascimum of &%5.&6% at
@.018) and  the particle settling was also excellent. However .,
figrare 4.6 indicates that these parameters do not  have Lheilr
masttmam at the same additive ratio. There ie mo correlatlon
betwean the cuwwves.

i v

The  swactant DTAR proved to be the oost effec

dewatering agent of all those tested. When @.05% grams of DTAR
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60

Water Removed (%)

%, |
0 0.01 0.03 0.05
Ratio '

Enhancement of water removal from peat treated
with ammonium chloride. Water temoved ) and
percent settled after 60 min (’) versus the ratio
af ammonium cholride to dry peat in the sample
(wt/wt).



O

-43-

Table 4.5, The ettect of ferric ochloride on
dewatering.

Fesbe e Besen stess SHPS doass 200t Ghioe MNT F4Sne UFRHP SLIOE SESFY TOONH S BARPE LefS0 LPkDe PSIWM SO0 FMurs bmuod femss sares Sooss Lere TENNE 1SS AULE PVSUE Sed WMMS i Khess SOSKH LR Sabme PPNT JAE SOt ORAY SMaBe bhuas Stert

Ratio of Amount of Water
terric ohlo- water removed removed
ride bto dry peat (kg waler/ (%)
(wh /wil) kg dry peat)

e tses prare pETER I SMRRD SO0 THRNR SHEB 11008 4RSME TOIRY Hom Srbem 2bebd T 4rs 4990n Sevst S14TR Srben FYMR Bheve FRISH OAFIN Torss PP SRR LA LHWRD OMPID Fasnd 4GRS bASS £11da 1HLIE AHNT MRLAK Birsk ORETA St Famey \eHS NN T1STE TVR LOOTE TPLIY EYTER TSNS O 10IRE 9860 SRR OB SHO

Control dab4a T
@. aa4 3.78 H1.9
.18 4225 =R
.5 4,52 H9LE
W. a4 4,58 bE. 9
@. %8 4,58 ' HELY
@ @6 4.96 FSYE: I

@.a7a

4.6 &£5.9
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mechanical

Maid st

corntent

pr

@esad
A

oy
e

77.4

TE.R

74,8

TR

7ELY

bHP .Y

e
(W3
preaat

TEw7



O

°% Settled, 60 min
)
O
2

Water Removed (%)

10

Figure 4.9.

—44-

30, |
0 0.04 0.08
Ratio

Enhancement of water removal from peat treated
with fervric chloride. Water removed ( ) and
percent settled after 60 min (@) versus the ratio
of ferric chloride to dry peat in the sample
(wt/wt) .
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Table 4.6 The eftect of aluminuwm chlioride on mechant cal
dewatering.

Ratio of Amount of Water Moistw e
altminum ohlo- water removed ramovedc content of
ride to dry peat (kg water/ (%) pressed peat
(wh /wt) kg dry peat) (%)

s mase Ve bower oime VEme Gress oo AFSME 4N TS 1088 (VMO FouWe I0sed Lbees iBbem WA Shess 1Meal W NG 40935 L1 SHMSE VSO SrVM St b TLEFS FOor FYOPY SIem WS LVIM TADNS WSS LEME S0t HAFRR 1LTS AT SHOBE FYII0 SPIAR IOPIL fecam ATALE St AGM S1HS LR OPRLE Shemt SRER WHOTE FTRAN STV 30 CEE

Control 262 56.0 3203
@. 005 4.44 61.0 74.@
w.018 4. &75 b3 b 72,6
@.ax2 4.59 bE. 1 TENG
@. 048 4.47 Gl 4 7E.8

@, aE4 4,81

ehy SHEHY Taren RORR Thise e LN GMUSE SIS0 SHUIM 10IA AT BAAEE FAGH SMASR Mlows IO MOSU AeATs LI s YIRS SRPPR NTARY S FIOND CHSW VA WeOE e YLCSS SIBTH MLLE THH4S mess SRAMR SHOEE Nerer ISLER VAL SAAGS 4030 Komem ACHEN M SRERL MiSEE bhesg VERCH
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]
0 0.03 0.06

Enhancement of water removal from peat treated

with aluminum chloride. Water removed
percent settled atter 60 min (‘.) ver sus
af aluminum chloride to dry peat in
(wbt/wt) .

(A‘L) and
the ratio
the sample
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were added per  gram of dry peat, 6H8.8%  of the water was
released during pressing (table 4.7). Water removal anc
particle settling data are both plotted in figure 4.7. The
paercent of particles settled after one how for pealt treated
with DTAR was higher than for  the inorganic salts.  The

particle settling curve and the water removal curve show very

good correlation o Each parameter increased and then decre
att almost the same ratios of DTAR.
4o Thermal pretreatment

The heat pretreatment experiments were preformed in a
gimple Fary H31  two-liter pressuwre vessel., With the batoh
heating system three parameters may be varied: hbeat up time,
Molding temperature  and residence Utime. The heat up time is

Lhe time reguired to bring the peat from room temperatuwe to

the desired holding temperature. The holding temperature 19
tLhe maximum temperatuwre angd the residence time is  how long the

paat de  held at this maximoum temperabture; after which the peat

he 4 mme

iately cooled back to room temperature.
[ravameters was  varied in separate experiments while the olther

two were kept constant.

With this equipment it was first necessary Ala Lo s

procedures far  heating peat Lo desired teaperatures., O L an

trial and error experimentation  the rheos was calilbrated.,
The data is showy in table 4.8.

buring  the haeating experiments the temperature  was
recorded at approdimately % minute intervals. A example OF
this data is shown in figure 4.4, Trv this experioent the hoab

Wp o time was 3@ minutes, the residence time was 1Y minutes and
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Tabhle 4.7. The effect of dodecyltrimethyviammonium bromide on
mechanical dewatering.

Fatio of Amount of Wt e Mod stare
DTaAR water removed removed content of
to ctry peat (b water/ (%) pressed peat
(wh/wt) kg dry peat) (4)

Coantraoal 2.4 E3.1 2.9
@.ana R GRE Ha. 5
B.014 x.9¢ H4.7 Tha7
@. B 4,86 e, 8 7541
@.a42 4. 6% LB 72,8
@. Q55 .01 ' 6H8. 8 &9 .4
0. 860 4,51 FR 74.8

@.368 4086 el T4
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0 0.04 0.08
Ratio

Enhancement of water removal from peat treated
with dodecyltrimethylammonium bromide. Water
removed (4) and percent settled after 68 min (@
varsus the ratio of dodecyltrimethylammonium
bromide to dry peat in the sample (wt/wt).
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Figure 4.8.

15 30 45 60
TIME (MIN)

Temperature of peat in vessel during thermal
pretreatment vs. time. The figure shows the heat
up time, First 3IG@ min and the 13 min holding
time. The holding temperature is 177C.
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the holding temperature was 1770, Heating experiments were
done over a range of holding temperatures, from 5@ to 200C.
Two heat up times, either 15 or 32 minutes, were studied. The
residence times were varied from @ to 9@ minutes.

4.2.1, Fifteen minute and zero residence time expefiments

Eleven heat pretreatment runs were done with a 13 minute
holding time. Each run had a heat up curve similar to figure
4.4, After heat pretreatment, 2 samples at each holding
temperature were cooled, pressed and the amount of water
removed was calculated. The average amount of water remaved 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 3@.2% the control value, to 56.1%4, a &6.1%
increase. The improvement with increase in temperature
continues steadily up to 175C, where the effect begins Lo level
off, and about 8I% of the water is removed.

Also shown in Ffigure 4.9 are the results of six heal
pretreatment runs done with zero holding time. fAgain there 1s
signiticant impravement in the amount of water removed at only
68L, where S5B.6% is removed. |

the data, using either residence time, falls close to the
same curve at low holding temperatures. However, at hiagher
holding temperatures the additional heat added during the 19
min residence time caused smali 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.



O

. -54~
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 bholding

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, B3I.2%4 of the water was removed, 16.7%4 more
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 rafe

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 residencg time is zerao, and the final temperature is 15350C.
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 time is 30 minutes and the resi-

dence time is zeroc. The curve drawn through the
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Figure 4.1,
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The percent water removed after thermal pretreat-
ment vs. the holding time. The heat up time was
@ min.
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Temperature of peat
pretreatment vs. time.
min, the holding time 0,
ture 13@C.

in vessel during thermal
The heat up time was 195
and the holding tempera-
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Figure 4.12. The percent water removed after thermal pretreat-
ment vs. the holding temperature. The holding
time was @ min,
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circles differa only in  that the heat wp time is 1% minutes.
The fiftean minuwte heat up time data lies consistently below
the 2@ minute heat up time data. The difference betwean Lhe
ueves at any temperature is approximately &%,
4.2.4. Combined chemical and thermal pretreatment.

Further experiments were done to study thé gftect of
chitosan salt on heat treated peat. Using a heat wup time of 2@
minutes and @ minute residence time, 300 gram batohes of raw

peat  were heated to ten temperatures between 5@ and 200C.

Atter heating, three 28 gram samples were presesed and the
average amount of water removed at each temperatuwre is plotted

as oA sguare  in figure  4.135. The remaining heat treated

peat was mixed with the optimuam ratio of chitosan sall and

again, 3 samples were pressed;  the average amount of water
remnoved is plotted é% a circle in figure 40135,

The graph shows that heat treasated samples o whioh
chitosan sall was added consistently released more water when
pressed than  the samples heated by the same procedure and
pressed without chemical pretreatment. However ,  as  the
tenperatuwre  increases the distance between the LwWwo Curves
lessens., At 100C there is difference of 102 and at 1750 the
difference is 4%,

4,2.5, Heat treatment with an inert atmosphare.

In  oarder to fuwrther characterize the lLow temperalbuare
Meating process the standard heating procedure was run with an
inert atmosphere. In the standard heating procedure the Lwo
Liter pressuwre vessel containg air which is sesled in wilth the

peat  during heating. In the inert atonosphere experiments,
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-after the peat was placed in the reactor nitrogen gas was used
to displace the air. Then the peat was heated in the usual
manner.

In figure 4.14 the two curves from figure 4.13 have been
reproduced and the data from the inert atmogphere heating
experiments is plotted. The nitrogen gas procedﬁra was done
for a 180 and 150C run: 30 minute heat up time, zero minute
residence time. The +figure allows +or comparison ot 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.

4,2.6. 8Btirring 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 i1s static during heating. 8Stirring might improve heat
transfer or alter the colloidal properties of peat and,
therefore, increase or‘decrease the percent water removed.

The Parr 4501 pressure vessel 18 equipped with a belt
driven propeller type stirrer. The propeller was rotated
approximately 10@ times a minute during both heat pretreatment
runs.  The results obtained after pressing are plotted in
figure 4.15. Again the curves from figure 4,13 are shown with
the stirring data for comparison. The pointe fall very close
to the curves. Stirring during heating does naot alter the

)
]

dewatering of heat treated peat in this temperature range.
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Figure 4.14,

100 150
HOLDING TEMPERATURE (°C)

The percent water removed after thermal pretreat-
ment under an  inert atmosphere vs. holding
temperature. The heat up time was 30 ming the
holding time was @ min.
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Figure 4.13. The percent water removed after thermal pretreoat-
ment  with stirring ve. holding temperature.

The heat up time was 30 min; the holding time was
@ min. .
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de2e 7«  Heat content of pretreated peat

Samples which had been pretreated, pressed and oven dried,
along with one control sample (no pretreatment) were gsent to
the National Research Laboratory in Halifax. There, the
calorific value of each sample was measured to determine the
effect of ow  pretreatment process  on this parameter. The
results are shown in table 4.9. The numbers  show small,
random variations and no  trend couwld be detected., The varia-
tions are probably due to the heterogeniety of the raw peat
uweaecd in the pretreatment experiments. Neither heating nor the
addition of chitosan salt changes the calorific value of the
dry peat.
4.2.8. PFarticle settling

Farticle settling measurements were performed  on peat
heated to four different holding temperatuwres. The pressec
chitosan and/or  heat treated samples were resuwspended and Wwsed

arnd the

i o settling teslts. The heat up time was thirty minubes
resildence time was zero.  The data is graphed in figure 4.16.
The amount of suspended solids which settled after 1h,

from peat which was only heat treated increased smoothly with

e sampl es

holding temperature, The heat  and chitosan tred
consistently settled fastear. Thies parcent  solids, whioh

settled, from the heat and chitosan treated peat remained

relatively constant at the four holding temperatures
Lgated.

4.°%, The guality of expressed peat water.

40501, Toxicity tests.

The growth  inhibiton study (table 4.180) indicated that
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Table 4.9. Gross calorific value on a dried basis (kd/kgi*

Heat pretreatment with zero holding time

Holding No chemical Chitosan
temperature () 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 135 minute holding time

Holding No chemical
temperature (C) pretreatment
42 22.4%

75 22.8Z2

100 23.02

125 22.69

146 22.94

165 £2.89

197 22.91

#* The values presented here were determined by the NRC Atlantic
Research Laboratory and were reported to be accurate within +/-
0,001 kEJ/kG. They have been rounded off here.
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Figwe 4.16. The percent settled after 68 min vs. holding
temperature. The heat up time was 3@ min: the
holding time was @ 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 Bacilug subtilis and Micrococcus | ubeus

and to a lesser extent Staphvlococcus epidermidis. The gram

negative bacteria Fsuedomonas acidovorans, Escherichia coli and

Froteuws rettgeri tended to be initially inhibited but cai ckly

adapted. The yeast SBaccharomyeces cerevesiae showed no signs of

growth inhibition by peat  water. Meest miuwmmrqmﬁiﬁmﬁ s owe ol
only an initial area of clearing which was subsegquently totally
gvergrown,.  The expressed water used in these tests was derived
@xclusively from peat which had not undergone any pretreatment
PO S .

A second test, the Microtox test, was used to determine

the effe ot  both chemical and thermal pretreatment on Lhe

toicity of the expressed peat water. The Microtox tests were

pertormed at the Ontario  Research Foundation. The  te
enoploys bacteria which emit light. When they are exposed Lo
towic solutions the  amount af light emitted decdreases.
Basically, the percent of toxic solution which reduces the
amount of  light emitted by 0% is called the ECHD valuwe for
that sample (actually the ECIHB value is estimated by graphical-
ly dinterpolating between values obtairmed from & dilubion
series). The higher the ECS50 value the less todic the sample.

Eight samples were sent to the Ontario Research Foundation

for this analysis,. The results are shown  in table 4,10,
Measw anents were taken after both five and fifteen minuwbes of
B P B LA 62 In  all cases the todicity was very low and ECHA

values could only be obtained for the expressed water from
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Takble 4.1@, Inhibitory effects of peat run-off water and

prasesed peal water on organism growbth.

Fun-off water Fressed peal walbaer

Wi

Area of clearing Area of clearing
(sepaare mm) (suare mm)
Imitial Final Imitial Final

% S There e AESAD donis dotos GseRh 43ves Bbse cShod Batey HERME VAseL PR JAGES SIEVE WREED Sorhe Seves SEMD o4t GRS BERRY PSS THWRS SSOIS HALS CHOSY 0SS HeFE 10esb (400 OMES 0L BFAD 4b0se RAERS $isar 46t 4ENRE 45000 Sbews coeth s SreRs Betes A SHIS S100H mAGL SePOY P MSEE MR ION NMISE ARG hoove et

Bacillus aubtilis 21 .65 5.70 b .88 LI

Foewdononas acido- 11.78 14 14,58 4

Ve el g3

w
:

i
<
s

B.69 ]

SACCNAr OMYy s  Er - @ 7] @ %]
VL 65 e

Staphyl ocoocous Se 70 @ He 70 1}

@pidermidis

Miorcocooous luteus Bl Y 1. &3 L7

Frotews rettageri & @ L8 0
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Table 4.11. Results of Microtor test.

Exvpressed water from heat treated samples

Holding temperature S omin ECHQ LS min ECEQ
(e (% sample) (% sample)

1 V9L T VLT
151 VLT VLT
L&k VLT VL. T
L 2€ 28

Expressed water from heat and chitosan treated samples

Holding temperature 5 omin ECEG 15 min ECER
() (4 sample) (4 sample)
Log VL. T VILT
LAl VI T V6L T
L& VLT VLT
L9 R 26

VLT = very low todicity
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gamples which had beern heated to 1920 in pretreatment. It
wouwld have required extrapolation beyond the data points to
gstimate ECSO values for the lower temperature samples.
daBada Initial concentration of suspended solids.

When  peat  de pressed mechanically the water which is

released contalneg suspendesd particles. Fenaerally, bthe severilty

aneg bype  of pretreatment process uwsed before pressing effects

the concentration of suspended peat solids in the expres
water. Theref ore, this parameter was measuwred for peat
pretreated at eleven different temperatures, thirty minute heat
wp time  and  rero minute residenc time, with and without
chitosan salt. The results are shown in table 4,12,

Im table 4.18 the lowest initail concentration of suspend-
@d peat solids is 420 mg/liter, for peat which was  not heated

but  wasg pretreated with ohitosan salt. The highest initial

concentration is 20 mg/liter  from peat  which was  heated to

For  each pretreatment temperature studied the addition

ot chitosan salt does not have a significant effect on the
concentration of suspended solids. Mowever , the data clearly
shows that amn increase in pretreatment temperature resulbs i
an increase in swspended solids concentration.
4.%.3%.  Settling tests.

Orne howr afbter the initial concentratiorn readings were

taken a second reading  was made on the edpressed water

Bl s These two measwrements  allowed calcoulation  of  the
parcaent of solids settled after one howr. The results are
shown in bable 40135, There i no correlation between the

percent settled and the pretreatment temperature. Bt each
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Vable 4.1 Initial concentration of suspended solids in
expressaed water.

Holding Temperaturak® Initial Solids Concentration (mg/Ll)
() Maat Only Heat ancd Uhi toasan

Gonterol HEE 4350
R | 590 ka1
87 4460 478

1) Y] &H1i@

L1@ &79 4350

bl 840 &Y

151 141@ LE2G

189 2750 DYRA

L&Y 2880 abh7d

192 S22 e ralralts

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

Holding temperaturex 7% Bettled, 60 min
) Heat Only Heat and Chitosan

GLontrol Yl 4.2
=5l l&.9 L S
&7 S2.8 0.6

100 Pyt 44,1
110 1.2 adad
Ll LS. 1 27,0
sl 19,1 LY.
A 18.@ 26,1
169 1%5.6 S99 A
192 168.@ 2.9

* Heat wup time was 30 minutes. Residence time was zero.
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temperature a greater percent of suspended solids settled out
atter one houw from water samples pressed ouwh of peat which was
treated with chitosan salt, The average difference atier one
how dea 14.4%, a significant improvement for chitosan treatecd
peat .

A third reading was  taken after O davys Fad ﬁa%%ad. F e
heat treated samples the concentration of suspended solids was
consistently 100F 1@ mg/liter. For heat  and chitosan treated
samples the concentration was always less than 10 mg/Lliter.
Visually, the expressed water from samples which had not been
treated witﬁ chitosan was still murky after five days and the
walter from samples which had been treated with chitosan salt
was olear.,

The rate at which the suspended peat particles sethtle i

determined by thelr ¢ilze. Larger particles selltle fag

wat g

fhus, peat  treated with ohitosarn salt
with swspended solid particles which are on the average |argoer

in size than peat which is not treated with chitogsan salt.
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%e  Digeoussion

Both chemical and thermal pretreatment alter the water
retention properties of peat. The study of seven comounds 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 dewat@rinq.

Several authors have attempted to catagorize the ways in
which the agueols phase is bound to the peat. Chormet (1981)
stated that there are four types of peat water. Ordered from
easiest to remove to hardest, these are: (1) water in macropores,
(2)  water in micropores, (3 colleoidally bound water and (4)
chemisorbed water. For a raw peat (92% moistuwre content), on
average, 154 of the water is found in pores, 30% ig colloidally
bownd and the remainder i chemisorbed. Accarding to Sheppard
arcl Ayl (198%) water in peat can be broadly classified as (1)
mechanically entrapped water, (&) capillary water arel (%)
chemically bound water., Sheppard and Ayub also qgquote Liuwnglkvist
and Munteer who claim 285% is "loosely bound" water, 40% capillary
water, 25% colloidal water and 1@0% chemically bound water.

It is profitable to compare peat dewatering to sludge
dewatering. S8Sludge has been studied more thoroughly and the
solid-water interactions are better understood. The phenomena
which explain the dewatering characteristics of sludage are
aimilar to those wsually wused to explain peat dewatering.

Riological sludge 1s composed mostly of organisms thatb
contain water in several different forms, The particles general -
ly esthibit & net negative charge in the range of ~1@0 Lo ~L20

millivolts, which does not appesar to depend on the ftype of
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sludge (Campbell, LE76) . In general , conventlonal mechanioal
dewatering will concentrate the solids content to only  about 1@%
solide. Studies on sludge dewatering have led to the following
conclustons s

Lo With chemical conditioning the solids concentration can
he increased to about 19%. .
2. The performance achieved by a dewatering unit on any
e ie greatly affected by particle size distribution and the
strength of the sluwdge floc.
N (ne  method of promoting sludge folocoulation is to
reduce the electrical charge on a particle by chemical addition
to move the zets potential towards the iscoelectric point.

There are obvious analogies bDetween peat  and sludge dewatering
and it is reasonable to apply the above conclusions to both
operations.
Bole  Chemical pretreatment
In table .1 the data obtained with the 7 dewatering
compouncs is summarized. The agents are listed in  order of
effectiveness. Dodecyltrimethylammonium  bromide improved the
percent water removed over the caontrol by the greatest amount.
Two of the polyelotrolyvtes were only sightly less effective
tharn the surfactant and produced very similar results. OChitosan
increased the dewatering by 32,24  and PFraestol 444K by 3@. 3%,

Optimum dewatering ratios and optimdn settling ratios corree

ponded qguite well for both compounds. - This again  indicates that
whaen the particle size of the resuspended pressed peab s alt a
maxd muam water removal 18 greatest,

Folyelectrolytes are commonly uwused in separating sus

solids  from sewage wabtev. The term "$flocculation” is used to

e

edibe the mechanism by which polyelectrolytes function.
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Table WH.1. Bummary of water removal data from chemically
treated peat.

446 mrvy art BOAED S ARRED bevns s sSheS PV BSAVF Seaes heshe MKLE PSSy HFPY SNARD 1SNS FHALP CIURE SUHD SARAD FASHD AGD SHEsk A WMarE SS1S MASH SAR PSS sésed iums Mibws Seiss PPN COSes AFSS TRORY S04 SHasd PEISE APHIS Gemt SheTs aeaer fAND Loeet Bevs s Geiry darsd S beebt sosas

Agent Optimum Increase in
ratio (wh/wt) water removed (A

DTAR @, AEE B8.7

Chitosan @.219 A

salt

Feveio 8. Q6% x1.8
Chloride

e aestol B.ALES Y7 Y
G440

AL umi nuam D.a1gx R b
GChloride

FAmmonium Q. DEQx% 14.6&
Chloride

oy aeresteal Q.840 14.@
411k

# This is actually the point at which the water removal
curve levels off. There is no true optimuam.
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Floceuwlation involves two processess strface charge nuetral toa-
tion and bridging. The charge density on  the pwlymmw is an
important factor in determining its capacity to cause floooula-
tion (Svarovsky,1981). Bridging occurs when several particles
become associated with adjacent oharged sites on the same
malecule.

The particle settling data For pressed peat  which had
been treated with chitosan and Fraestol 444K indicate that
bridging is an  important mechanism in enbanced peat dewater—
ie. The  maximuam, which occuwrs in the settling curves for both
these compounds, 18 commonly observed in  suwspensions destablized
with polyelectrolytes. Too little of the polymer results in some
charge neuwtralization and less than optimum bridging. When more
than the optimun guantity of polyelectrolyte is added one
particle will consume more than one charged site. The poalymer
wraps Lteelf Gin varying degrees) around the particle, inhibilbing
i dging.

Faat treated with Praestol 4110, the low charge densily
polymer displayaed poorer dewatering thanm that treated with the
other polyelectrolytes. The lower charge density sites are
probably less efficeint at adhering to peat particles and cawsing
bridging.

The data obtained for ammontum chloride additions ie further
evidernce that bridging is occurring with the chitosarn saltl.
Ammonium chloride improved water removal by only 14.0%. ALt howgh
thie is a sasignificant improvement it is muwech less than for
chitosan salt.  Ammonium chloride is capable of executing charge

Pruetralization only. Ite charged group is similar to Lhe primary
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amine which when protonated provides the positive charge on
chitosan. (The hydrocarbon group does not have significant
electron withdrawing capabilities.) Therefore, 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. However, both proved to be
very effective dewatering agents. Ferric chloride and aluminum
chloride improved water removal by 31.8% and Z7.6%, 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, & knowledge of
all of the hydrated cations present in the aqueous phase would
be essential (Faust, 1983). Aluminum and iron salts fregquently
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. fAis 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. Organic polymers typically have
acceptable combustion properties and would not create this prob-

lem (Campbell, 1978).



-78-

Feat treated with DTAR released 35,74 more water than
uwntreated peat. DTAE is & cationic surfactant and ite 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 dewatering occurred when the
@lectrophoretic mobility was near sero. When 1@@% than the
optimum amount of DTAR was added the particles were not complete-
ly  newtralilred. When more than  the optimum  was  added hhe
particles obtained a positive charge. Thig is believed to be
the result of Textra-equivalent adsorption. Excess DTAB is
adsorbed onto the particles due to the attraction between the
hydraphobic tails of the surfactant. The pilcture explaing the
shape of the DTAR dewatering curve.

The optimum dewatering ratio observed for DTAB corresponds
almost exactly with the optimum settling ratio. Theretore, at

this ratio, where elctrostatic repulsions betwe

v particles are
minimized, the greatest ameount of agglomeration has ocowred and

it odie  this mechanism whickh, at least partly, enbances the solid-

Tiguid separation.  However, thisg cdoss not  explain why DIAR is
more effective  than either cationic polymers o inorganic salls
at enhancing dewatering, both of which are also capable of
axecuting charge meutralization.

The superior dewatering of peat treated with DTAR can be
explained by the compound’s swfactant properties. Whign the
positively charged head ig adsorbed onto a peat particle the
hydrocarbon tail is oriented outward. The decrease in electro-
static repulsions between particles cauwsed by the cationic head

tacilitates coagulation. When the particles become aggregated a
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lower enerqgy state 18 achelved; the hydrocarbon talls are brought
togethear. Thie increases the driving force for particle-waltar
separation. The surfactant coated particles are more hydro-
phobic and hence more easily separated from the agueous phase.
Hede Chemical and thermal pretreatment

Results from the heat pretreatment @xperim@nfﬁ presented
Mere aid in characterizing the reactions which are bﬁliwvwd to be
the cavse of the enhanced dewatering. The changes which improve
cewatering are further elucidated by considering the affects of
combined chemical and thermal pretreéatment.

The changes which ocour in peat during heating are apparent-
ly initiated at low temperatures., 8Small amounts of heat added at
low holding temperatures (eg. 750) enhanced dewatering.

At low temperatures the @ minuwte and 1% minuwte regsidence
time enperiments vyielded similar results., This indicates that
the additional heat added by holding at low temperatures for 195
minutes i in%igni#icant. Howsver, with holding temperatures
above 10AC 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 uwnder either an inert atmosphere or air produced the
same results.  This implies that odidation of the peat materials
it not  a part of the water releasing changes which ocowr. That

Lhere wag no change in the heat content of bheat  troeo

contirms  that  the oxygen content does not change substanially

during the pretreatment process (Sheppard et al., 1985,
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Foth direct and indirect methods have proven that peat
particles possess a surface charge and that this plays a signifi-
cant  role in determining the water retention properties.
Heating alters the swface charge of peat particles by inducing
reactionsg which liberate or rearrange charged groups. Both
Fraschmean (1980a) and  Schritzer and Eahn (1972 have written
that during heating of peat at low temperatures decarboxylation
of carborylic groups occurs and low-molecular-weight alcohols are
gengrated by simple rearrangement of esters.

These reactions do not only destabilize the collaidal nature
af peaty they also effect the hydrogen bonded structure which is
helieved to be partly responsible for peat’'s hydrophilicity
(Chorrnet et al., 1981). By liberating or rearranging the surface
arouwps the  interactions which exist with the oxygen and hydrogen
atoms in the water layersg surrounding the particles  are weak-
anmec.

A combined chemical and thermal pretreatment process works
o destabilizing the peat’'s colloidal properties and weakening
hydrogen  bonding. The weffect of heating peat to 1600, for
example, can also be achieved by heating to 110C and adding a
small amount of chitosan salt. Chitosan removes a larger percent
of water from peat which hag been heated Lo lower temperatures.
Apparently heating to higher temperatures significantly alters
Lhe particle’ s swurface chemistry and the charge mneutralization
which chitosan usually causes has already partially ocowrred.
Heowe e, additional heat will further disrupt  the byvdrogen

brcarvedd ricy .
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This conclusion is further supported by the particle
settling data from peat treated with heat or heat and chitosan
salt (section 4.2.8). The data shows that heating alone improved
the particle settling rate by a small but signiticant amount.
Increases 1n Molding temperature, in fact, vellded larger
resuspended  particles. This indicates that haatiﬁq GRS EE
coagual tion. The percent of particles which settled after 1b
troom the pressed peal treated with heat and chitosan, regardl ess
ot holding temperature, wWas approximately constant. Thi s
indicates that there is a limit to the amount of coagulation
which can ococuw for heat and chitosan treated peat., Therefore, a
disruption of the hydrogen bonding must be partly responsible for
the improved dewatering of peat heated to the higher holding
temnperatures.

Uaede.  Expressed water quality

The Firby-RBRauwer type growth inhibition studies demonsterated

that a variety of microorganisms may be grown on expressed peat

wat er ., e microbes would produce compounds to be eilther sold or

[

sad as dewatering agents (after chemical woodification  @f

[IRR o

YD) w Fermentations are also capable of removing toxia
chemicals from process wabters which  are unfit to be reburmadd
clirectly to the environment.

The Microtox test, however, showed that unle Mol ading

temperatures above 1900 are used the expressed water has very low

toicity levels., Chitosan addition had no detectible effect on

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

treated peat bas not been used as a substrate for microorgani smes
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in this study. It has been shown that expressed water from hest
treated peat contains significant amounts of organic molecules
(Bmith et al., 1984). Cooper et al. (1985 have suggested that

substances couwld be wtilized by microbes and actually

reduce  the cost of nutrients which wouwld have to bhe added to

et water from unheat treated peat.

6

The peat particles present in  the expressed water may be
recoveraed  and  recyoled, wsed in the substrate in a downstream
farmentation or released into the environment, Therefore, their
concentration 18 a parameter which must be considered in a
dewatering process. Zimpro's and JOF. Energy ‘s dewatering

es, both of which employ wet carbonization, have estimated

Fal (e 6
the average concentration of suspended solids (T88) in their
gftluents to be 1408 mg/L and 9S00 mg/l, respectively (Monenoo,
19835y,

The initial concentration of peat particles in the expressed
water increased at higher holding temperatures. The addition of
chitosan salt to heat treated peat did not consistently increase
or decrease  this parameter. However, particles in the expressed
water from chitosan treated peat were consistently larger, they
settled quicker. This indicates that (1) as already explained,
chitosan coagulates the peat particles and (2 the amitdal

e waler

concentration of suspended peat particles in the expras

t

ig not dependent on  the size of the particles. Thie heatnng
reaks  dowan  the hydrogen bonded structure of peat and this
apparently promotes the relesse of particles into the agueous
phase Wpon  pressing. In  a commercial process both the initial

suspended solids concentration and the size of the particles

would depend on the pressing apparatus.
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I Economic assessment

ented in table

An economic  assessment of the prog is pre
e In processes 1 through 4 the pretreatment 18 thermal only,

in processes & throwgh 7 pretreatment  entalls heating and

chitosan salt addition. It is based on & plant capacity of
D70,800  dry tonnes/year of dry  peat. Cost data publi%hmd By

Cooper et al. (1984) were used exclusively. The moisture content

ot the product wowld be 1% from an 88% water content feec

After pretreatment water i1s removed by pressing with a Larox
filter press which works automatically in a semi-continuous batoh
made. The water remaveaed in processes S5 through 7 is used to grow
the organism R, arrhizus. R, arrbhizus produces chitosan in
excess at & price comparable to that of other flocoulating
agents, Flash c¢rying, which has been used reliably for feed
peat, (Monenco, 19835 follows the pressing stage to yeilld the
P ochact .

The thermal pretreatment step is Ffueled by the procduct.
Higher temperature processes consume greaber amounts  of raw peat
per unit of product, as can be seen in the fourth colummn in table
. Frocess 5 would consume  almost 1@7%4  mare raw peat than

process 7, therefore, depleting resources guloker. This may malie

process 7 more attractive when congidering Llong ©un parame
Froduction of chitosan lowers the ohemical ey demand of
the pressate (Mulligan and Cooper, 198%), and eliminates the need

for pollution control systems.  Some form  of treatment  wouwld be

required for  water released from the high temperatuwre proces:
in which chitosan is not produced. Mowever , this cost bas not

been assessed bhere, Furthermore, it should be moted that no
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Tabile Huolda Economic assessment of processes

# HMolding Water Removed Input Raw Feat Total
Temperature w/ press (tonnes/ tonne Cost
() b (4) product) ($)a

Are TEUE AATRA THIRE Y Shbvd 1054 SeAes SEPRD 4SO NANSN TRSEY TR FPYRS SO FArk (9008 AMFS SLME 1113 VP PR 400 TEASR G1aeh VLAY ITIKY APUOD A P FESMR Shess HEA DORFS DAY WRER CPRMO PHT FAEB S VRSN YERS O IYNCE SEIAD THTRD VAFEY THAKR CHmE Seior FRRAS SPEFE LiNLD Mesat Seem fekyy vrner

le 120 Hl.6 13,96 18 . B4
il 149 9.1 : la.79 146,58
e 165 oY Li.9X% 138059
e 18% 74.7 1E.a9 VE7.74
e 101 G941 EREA A1 .ET
& 142 &8, 2 1@3.91 LAE7 24
7d 168 74.7 11.93% LR4. 0%

Lavme TareE ors Shese 14T SESRR Bires oo rhars FIANS NG (SHYR S0080 HPVR SRSSS MESH RSN S0Pt EAAPY SRR SWUSH 1IVFY 1HRS SPY 100 beted CHIND 4easd SAFIN SOHED SO ARG YOLRE RS OWAY ST FTEER 1OONS bike) S4SES SROSE SHAND Bead AHSRR SOTee L0 ARLE APRR TAPRE SHire Liak DIARY SHFRL SELRE ORNS SBARE P08 SHETH H4ENT

9 Costs in 1983 Canadian dollars/dry torme of produect.
b. Residence time is zero, heat wp time is 3@ min.
t. Thermal pretreatment only.

d.  Thermal pretreatment and chitosan salt addition.
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process optimization has been performed for  the biological
component which would reduce costs and increase yeilds.

Rohrer (1981) has shown that adding & thermal pretreatment
stage to & mechanical dewatering process is economically attrac-

tive., Capitalizing on the seoluble organics that heating releases

into the expressed water yeilds a product of comparable cost

o0

The fermentation prodoaces a dewatering agent  which reduces

s tie
gquantity of peat needed to fuel the thermal pretreatment and the
walter may be returned to the environment without further treat-

mert .
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é. Conclusion

Dewatering processes must be efficeint if a fuel-grade
peat i to be produced economicélly 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
changes in the peat particle surface chemistry. Attention was
also paid to the expressed water gquality and the possibility o+
applying microbiology to a peat dewatering process.

The surfactant, inorganic salts and cationic polymers all
enhanced dewatering. Each of these compounds caused the peat
particles tou coagulate. 0f the inorganic salts, which are
capable of effecting a charge neutralization, Fferrous chloride
improved dewatering the most. Inorganic salts would not be
used when producing a fuel product because of their undesirable
combustion properties. The polymers Fraestol 444K and chitosan
salt, which neutralirze particle surface charge and form bridges
between the particles, were both effective at improving
dewatering. A dewatering process enhanced by a chitosan
derivative (e.g. chitosan hydrochloride) would incur lower
costs and yeild better quality expressed water than a process
using Fraestol 444k or any other synthetic polyelectrolvyte
because the chitosan can be produced biologicalliy by fermenta-
tion with peat pressate water as the substrate. Dodecyltr-
imethylammonium bromide improve; the mechanical dewatering of

peat more than any other compound tested. This is due to the
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way 1 which the swfactant coats the particle rendearing the
s face more hydrophobic. This is in  addition to  the water
removal enhancing  charge nuetralization cationic polymers and
maltes affect.

The addition of chitosan can be applied in.cmﬁjuﬁctimﬁ
with thermal pretreatment. Heating the peat, ever: Lo el a-
Lively low temperatures, before pressing causes & significant
ioprovement in water loss. Meating allows reactions such as

e

carboxylation to occw . The loss of polar functional groups
from the pealt solids decreases the amount of water retained by
hydrogen bonding. The addition of chitosan €0 heat treated
peat results in oan even larger water loss. The effects of the
two pretreatments are additive. It would be possible Lo choose
ary o optd muam combination of thermal pretresatment, ohitosan
acldi tion and thermal drying after preassing to obtain dried peat
at the lowest possible cost.

The chitosan has a secondary effect  on the economics of
the process. I the agent is added before pressing the
particles in  the expressed water are lacrger. This means thab
the particles settle faster. These systema yeild & olear
aguecous phase and & sludge. The clarified water reduces cost
of pollution abatement and  the solide can be recyoled Lo the

press Lo loprove final product yeild.
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The thermal pretreatment work done here is perhaps further
from commercial applications than the cohemical pretreatment
work, The batch apparatus used was very small scale. A conti-
nuous operation would be more likely. The efftectivensss of low

temperatures and short residence times in such an operation has

not been studied thoroughly, however, the results presented

here prove that reseacch in this area merits attention.
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