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Bonemeal .
. Biochars

» Carbon-rich solids produced by pyrolysis at high
I temperatures

Bone-based biochars can be effective P sources as
amendments in bioremediation
» Biochars are difficult to apply (powdery, hydrophobic)
» Biochars of guaranteed quality are difficult to find
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Hydrochars
» Hydrochars are carbon rich solids produced hydrothermally

* Hydrochars can be synthesized with desired P mineralogy
and size with good process control and are more soluble
for injections

» Can relate synthesis, structure, and sorption using rational
design
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Structure Property Relationships

Modification of individual steps to produce the
desired results

» Systematic change to material structure and
observe change in properties

* In this case, we want to optimize for properties ondition
of hydrocarbons adsorption, flow, and hazard ' '
characteristics by changing the structure of
hydrochars

» Modify the structure by changing synthesis
conditions of the Hydrothermal Carbonization
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Bone meal .
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Agitation

(200 rpm for 30 min)

Centrifugation

(7000 x g for 30 min)
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drying
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Table 1. Reaction Parameter Variables Used for the Synthesis of Hydrochars

Sample ID Reaction Time (h) Percentage of Percentage of Percentage of Reaction
Porcine Meal Glucose in Sludge Starch in Sludge | Temperature
Protein Isolate in (% m/m) (% m/m) (°c)

Sludge (% m/m)

H-1-10-150 1 10 0 0 150
H-2-20-180 2 20 0 0 180
H-4-30-210 4 30 0 0 210
H-1-5-150 5% Glucose 1 5 5 0 150
H-2-10-180 10% Glucose 2 10 10 0 180
H-4-15-210 15% Glucose 4 15 15 0 210
H-1-5-150 5% Starch 1 5 0 5 150
H-2-10-180 10% Starch 2 10 0 10 180
H-4-15-210 15% Starch 4 15 0 15 210
1 1
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L: H-1-10-150
C: H-2-20-180
R: H-4-30-210

e Structural changes
though reaction time

= + Higher reaction times
increase surface area

« Shifts from plate like
to needle like
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Sample ID_Sample Location

Electron Image 1

100um

Electron Image 1

H-1-10-150 1 29.3
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K (] P K _Sample ID_Sample Location Weights %

Sample ID_Sample Location Weights % H-4-30-210 : 65.2 201 4.7
19.1 2 68.6 16.9 145
1 H-2-20-180 1 66.9 192 139 N 704 199 o

9.3 2 75.1 249 a 64.1 359 _
i 3 593 138 26.9 5 68.9 20.0 11.2
111 4 67.4 216 11.0 6 70.6 21.6 7.8
78 5 61.8 283 9.9 7 718 19.1 9.0
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P-O Stretching region

UNIVERSITY OF
SASKATCHEWAN

Y

Carboxyl region

/ \ » Highly proteinaceous substances
f’\/"\

x.-—

* Changes in vibrations in both the
~N carboxyl and amides bands of proteins

» Changes in number and position P
bands

* Multivariate stats suggest temp and %
/ protein an effect but not time.
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* Mostly Organic P — Very similar
Adsorbed P to Phytic acid XANES spectra,
similarly to adsorbed PO,

Hydroxyapatite

" reference
E Mg-Brushite
% MNewberyite . i
g o8 * A minor CaHPO, mineral
8 component is also present.
7? Phytic acid
i * Unidentified structure around
2a0ts 2158eV in higher temperature
samples (H-4-30-210)
H-4-30-210
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Benzene Isotherms

Varied: Initial reactant concentration
Fixed: Solid density, ionic strength, pH, temperature, V,,

Cy=0ppm 5ppm 10ppm 25ppm 50ppm 75ppm

Lo | ! ! |
Equilibrate, filter/centrifuge, and measure final solution
concentration (Cy)

CO'Cf = Csorbed

V,C,-ViC{/mass sorbent = g (amount sorbed per unit
mass soil)

g vs. C; = adsorption isotherm!
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Isotherms

Reaction Vessel

Benzene Measurement
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1000 - * Best hydrochar candidate
' i, WSS has least reaction time and
lowest surface area
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Biodegradation of Benzene
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Control (Benzene)  =e=Baseline (Microbes + Benzene)  =e=H-4-10-210
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* Hydrochars have more adsorption capabilities then traditional biochars
on a mass basis

* Isotherms for benzene on hydrochars are essentially linear until high
benzene concentrations

* All hydrochars thus far are highly hydrophilic making them excellent
candidates for bioremediation

* Hydrochars stimulate benzene degradation in model systems
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* HTC synthesis allows for tailoring of hydrochar amendment

* It is feasible to scale up hydrochars to produce a field scale amendment

* Hydrochars have good flow properties, high nutrient levels, and sorb
benzene. This makes them ideal for microbial stimulation
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Second Study: Plant Mediated Tailings
Dewatering
Current inventory of oil sands tailings ~ 1.21Bm?3
Several studies have suggested that certain plant species may o

be able to grow in tailings
» Tailings pond bank stabilization
* Tailings dewatering

Negative growth conditions
— Saline conditions
— Limited nutrients
— Hydrocarbons

www.cbc.ca/news/canada/edmonton/oilsands-tailings-
be-limited-by les-albert

ponds-t
1.2993923

4 Silva, 1998
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Ongoing and Future Work

» Assessing the plant growth promoting potential of hydrochar from
various feedstocks on fluid tailings for dewatering and process
water for naphthenic acid degradation

* Evaluating hydrochar for promoting the growth of agricultural
species in saline soil and phytoremediation of salts

» Formulating hydrochar from lignin feedstock for benzene
biodegradation
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