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PRESENTATION GOALS

HIGHLIGHT BIOCHAR SYSTEM BENEFITS

STATE RESEARCH GOALS IN WATER TREATMENT
DISCUSS METHODS TO ACHIEVE GOALS
PRESENT PRELIMINARY RESULTS



WHY HAS BIOCHAR RESEARCH INCREASED IN LAST 10 YEARS?

Mitigation of
Climate Change
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BIOCHAR IS NOT ALL THE SAME

(Mohan et al. 2014) Product Distribution (wt%)

|smau @ v ' “!; -
Fraction (bio-oil) Gas ni
i} Slow Pyrolysis
Switchgrass  Bagasse , (carbonization) ““
: B 5 ENNlE R ] 10 70* 20

—3 Fast Pyrolysis

5
Gasification

" . FastPyrolysis Char
Carbon . ‘ S Y _:f" e s

,f"‘-.._‘recﬂvery T ‘ SR X A AP i

5,

Carbon recovery (% of initial C)
CEC (mmol_ kg™)
Surface area (m®g™)

800 1000
Temperature ( 'C) Lehmann (2007)




RESEARCH OBJECTIVES
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O
* EVALUATE EFFICACY OF BIOCHAR AS A SUSTAINABLE ADSORBENT MEDIA
* COMPARE REMOVAL WITH GRANULAR ACTIVATED CARBON (GAC)

* DETERMINE EFFECTS OF FEEDSTOCK AND PYROLYTIC CONDITIONS ON METALS
REMOVAL

* DOUGLAS FIR CHIPS AND HAZELNUT SHELLS
* 300, 500, AND 700 C

* ELUCIDATE MECHANISM FOR METALS REMOVAL BY BIOCHAR

* CHARACTERIZATION OF BIOCHARS
* FTIR SPECTROSCOPY, TGA-MS, SEM IMAGING, XRD
* PH, PROXIMATE CARBON ANALYSIS, BET SURFACE AREA

* BATCH AND COLUMN ADSORPTION EXPERIMENTS
* ADSORPTION MODELING



MOTIVATION: COPPER REMEDIATION

e COPPER PRESENT IN STORMWATER RUNOFF
* BRAKE PAD WEAR
* PIPES, FUNGICIDE, ALGAECIDE

* LOW CONCENTRATION OF COPPER TOXIC TO
SOME AQUATIC ORGANISMS

* CONCENTRATIONS AS LOW AS 2 PARTS PER
BILLION (PPB) INHIBIT OLFACTORY SYSTEM IN
JUVENILE COHO SALMON

* CURRENT BMPS REDUCE COPPER TO AS LOW AS
5 PPB




EXPERIMENTAL PROCEDURE BATCH EXPERIMENTS

e SYNTHETIC STORMWATER Prepare Media
and Synthetic
* 1 MM NACL Stormwater
* 0.185 MM NAHCO, l "-'»"
e 100-1500 PPB CU
e PH 6 Add 80 mL
stormwater
e SORBENT and sorbent to

e 40 — 50 MESH SIZE SIEVED BIOCHAR Ll B°“'es

e« ANALYZE T“’“b'e

Mlxtures
e DISSOLVED COPPER WITH ICP-OES

e PH Filter and
Analyze
Samples

g
e TUMBLE/EQUILIBRATE FOR 48 HOURS @i?
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> COMPARISON TO GRANULAR ACTIVATED CARBON (GAC)
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O COLUMN EXPERIMENTAL SETUP
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H700 Adsorption plus Desorption
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SURFACE COMPLEXATION MODELING

INCORPORATES BOTH CHEMICAL BONDING (SURFACE) AND
ELECTROSTATIC INTERACTIONS (SOLUTION)
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,f% t;%:
EC'LVEHTtHaﬂl
MDLECULE

AGadsorption = AGintrinsic T AGcoulombic
Kaas = Kint * Kcowl

DIFFERING PH, IONIC STRENGTH, METAL LOADINGS, AND
COMPETITION WITH OTHER IONS
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USED TO ACCURATELY PREDICT HEAVY METALS SORPTION
FOR VARYING CONDITIONS ONTO:

* HYDROUS FERRIC OXIDE, CALCITE
* ALUMINUM OXIDE, MANGANESE DIOXIDE
* GRANULAR ACTIVATED
Figure: Schematic Representation of EDL Structure
e NATURAL ORGANIC MATTER according to Gouy-Chapman [Dzombak and Morel, 1987i)
¢

FOTENTIAL

APPLICABLE TO BIOCHAR BASED ON IMPORTANCE OF p-
SURFACE FUNCTIONAL GROUPS IN METALS REMOVAL O J J o 7 )

9 \



PROTON ADSORPTION

e H/00 in I=1mM NaNO3
» Background 1mM NaNO3

e H700 in I=10mM NaNO3
4 Background 10mM NaNO3
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WORKING HYPOTHESIS

D,

* AROMATIC C-C RINGS ARE MOST EFFECTIVE IN REMOVING DISSOLVED COPPER FROM AQUEOUS SOLUTION
* THROUGH SURFACE COMPLEXATION MECHANISM OCCURRING IN DISTRIBUTED PI-BONDED ELECTRONEGATIVE FIELDS.

A0

Kleber et al, 2014

Carbon (mole %)

® non-aromatic C
O-alkyl C




FUTURE WORK

ADDITIONAL FTIR TESTING — BETTER DEFINITION OF FUNCTIONAL GROUPS

X-RAY DIFFRACTION (XRD) — INVESTIGATE STRUCTURE

C-13 NMR SPECTROSCOPY — ESTIMATE AROMATIC DOMAIN

NEAR-EDGE X-RAY ADSORPTION FINE STRUCTURE (NEXAFS) — AROMATIC DOMAIN
CHNO ANALYSIS — DEFINE ELEMENTAL COMPETITION, ESTIMATE AROMATICITY

COLLECTED STORMWATER COLUMN STUDIES — INVESTIGATE ENVIRONMENTAL APPLICATION

Kleber et al, 2014




o
CONCLUSIONS

BIOCHAR EXCEEDS PERFORMANCE IN COPPER REMOVAL OF socin O
INDUSTRY STANDARD, GAC, IN BATCH AND FIXED-BED COLUMN ) i
EXPERIMENTS.

MECHANISM FOR REMOVAL NEEDS TO BE EVALUATED TO OPTIMIZE
PRODUCTION CONDITIONS.

BIOCHAR HAS POTENTIAL TO ADVANCE SUSTAINABILITY THROUGH ch,n,rblialb delocalized
MULTIPLE SYSTEM BENEFITS.
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