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d Introduction
According to a 2004 E.P.A. report, approximately 7.1 million tons of biosolids are produced in the US
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Table 1. Properties and inorganic analysis of bio-solid and the resulting biochars
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The objective of this study was to investigate the P adsorptive characteristics of the biosolid-derived All samples were average values ca_lculated from N = 3 replicate measurements and concentrations were g 1 | e g 1 L KT
_ _ _ _ calculated on the basis of the dry weight of the biochar (mg/g). Q e S X,,f..ﬂx
biochars that were produced at different temperatures through slow pyrolysis. Evidence of _ L _ _ S0 30
hangi ¢ functionality with at t . figated. with the intent » Ash content increased from 33 to 79 wt% with increasing pyrolysis temperatures to 750°C. < ) 20 40 60 X o 50 20 60
changing strace tunctionalily With varying temperatures was investigated, wi © inten » The pH of biosolid and its biochars produced at 400-600°C ranged from 7.0-8.1 whereas the Equilibrium Concentration (mg/L) Equilibrium Concentration (mg/L)
to define what temperature produced the best biochar to remediate excess P pH of biochar at 750°C was 10.7. q g

Fig 4. P adsorption isotherms and models by biosolid-derived biochars produced at 400, 600 and
750°C. (a) BS750, (b) BS600 (c) BS400, and (d) BSW750 (Washed). The red dash line represents the
Langmuir isotherm model and the black dotted line represents the Freundlich isotherm model

concentration in effluent. » Alkali and Alkali earth metals such as Ca, K, Mg, Na and other inorganic compounds including
Fe, P and Si were found at high concentrations in all the biochars.

" Experimental set-up
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-5 | | ! | Biosolid-derived biochar produced at 750°C by slow pyrolysis fit well the pseudo-
-12 -7 -2 3 second order kinetics model for P adsorption.
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_ (81%) The P adsorption isotherm data of biosolid-derived biochars was better fit into the
Fig. 2. PCA of FTIR spectra data Langmuir isotherm model than the Freundlich isotherm model.
[ ! . . We concluded that 600°C can be the optimum temperature if cost was an issue.
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Biosolids-derived biochars can be an environment-friendly and cost-effective adsorbent
for phosphate adsorption in the environment.

Future studies:

o Repurposing of P-laden biochar for soil amendment on field application.
« Adsorption with controlled ionic strength at different pH.
« ldentify the ions that leach out of biosolid biochar into solution.
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o Field application of the bio-solid biochar in various systems and soil types.

Pseudo-second Order . References

k, =0.04319 mg/g/h k,q2t
2 — =
r<=0.9957 q 1+ kyq.t

Characterization

» Biochar ash and yields were gravimetrically determined. Biochar pH was determined using the
International Biochar Initiative Protocols. Inorganic elements were analyzed by inductively
coupled plasma optical emission spectroscopy (ICP-OES) after microwave digestion.

FTIR and PCA

» The surface functionality of the biochar was analyzed by Fourier transform infrared
spectroscopy with an attenuated total reflectance attachment (FTIR-ATR, Perkin Elmer).
Spectra were recorded in the range of 4000 — 600 cm-! with a resolution of 4 cm™L. The spectra

were analyzed using principal component analysis (PCA) to identify major and minor differences
between the samples.

=
Ul

Agrafioti, E., Bouras, G., Kalderis, D., & Diamadopoulos, E. (2013). Biochar production by sewage sludge pyrolysis.
Journal of Analytical and Applied Pyrolysis, 101, 72-78.

P Adsorbed (mg/qg)
(B

Ho, Y., & McKay, G. (1999). Pseudo-second Order Model For Sorption Processes. Process Biochemistry, (34), 451-465.

Kim, P., Johnson, A., Edmunds, C., Radosevich, M., Vogt, F., Rials, T., & Labbé, N. (2011). Surface Functionality and
Carbon Structures in Lignocellulosic-Derived Biochars Produced by Fast Pyrolysis. Energy & Fuels, (25), 4693-
4703.

q, = Amount of adsorbate absorbed at equilibrium (mg/g)

k, = Rate of adsorption (mg/g hour)
t = time (hours)
q = amount of P adsorbed at time t (mg/g)

O
U

Labbé, N., Harper, D., Rials, T., & Elder, T. (2006). Chemical Structure of Wood Charcoal by Infrared Spectroscopy and
Multivariate Analysis. Journal of Agricultural and Food Chemistry,(54), 3492-3497.
Adsorption Kinetics

» A batch mixture of 0.2 grams of biochar per 50mL of 60 mg/L phosphate solution was made and
shaken at 140 rom. 10mL samples were extracted at the appropriate times (for 96 hours) and

then filtered and prepared for ICP analysis for P concentration. Solution pH 7 was maintained
throughout the experiment.
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Fig. 3. Adsorption kinetics of P on BS750 and the fitted model using the pseudo-second order model

» The data set was well fit to the pseudo-second order rate law. As the concentration of the
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Adsorption Isotherms

» Mixtures of 0.2 grams of biochar per 50 mL of phosphate solution at different concentrations
ranging from 4 to 60 mg/L were prepared. The mixed solutions were shaken at 140 rpm for 96
hours, enough time to reach equilibrium. Inorganics were determined by ICP-OES.
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