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Abstract

Energy can be recoverd after bio-phsical drying and fast pyrolysis of
municipal sewage sludge, however the solid residue-biochar still needs to
be disposed or utilized. Biochar has environmental function, therefore a
potential way of its utilization is to remediate heavy metal contaminated
groundwater as adsorbent material. In this work, sludge-derived biochar
was synthesized by fast pyrolysis at 500 ~900°C, and to adsorb heavy
metals in groundwater, modified biochar was prepared by co-pyrolysis of
bio-physical dried sludge mixed with transition metal materials. The
properties of biochar and modified biochar were characterizd, and the
influence of pyrolysis conditions on the properties of biochar and modified
biochar was analyzed; the impact factors and mechanism of heavy metal
adsorption by biochar and modified biochar were analyzed, and the heavy
metal adsorption performance of the prepared adsorbent materials was
detected.

As the pyrolysis temperature rises from 500°C to 900°C, the ash
content of sludge-derived biochar rises, micropore structure develops
mainly as mesopore with a pore size of approximately 3. 80 nm, and more
volatile matter loses. Almost all of the ash and heavy metals in bio-
physical dried sludge leave in sludge-derived biochar. The thermal
stability of sludge-derived biochar is strong, and the leaching toxicity of
heavy metals in biochar is within the safe level. The adsorption of
cadmium, a typical heavy metal, by sludge-derived biochar is significantly
better than that of commercial activated carbon (AC). 900°C is the
optimal temperature to both recover energy and adsorb heavy metal.

The biochar derived from sludge pyrolysis at 900°C (BC900) has high
adsorption efficiency on adsorption of heavy metals, such as Pb, Zn, Cu
and Cd. The maximium removal capacities of Pb, Zn, Cu and Cd by BC900
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is (104.15+1.60)mg/g, (36.05+0.87)mg/g, (41.30+£1. 38)mg/g and
(37.17%2.59)mg/g, respectively. The removal capacity of heavy metals
on BC900 is several times even tenfold higher than that of AC. The
mechanism of heavy metal adsorption by sludge-derived biochar mainly
involves surface precipitation and cation exchange.

To enhance heavy metal adsorption performance with Ca*"
competition in groundwater, sludge-derived biochar was modified with
transition metal materials. Among modifying materials (Fe,O;, MnO, and
Zn0), modification effect of Fe,O; is the best; among Fe based materials
(reduced iron powder, Fe (NO;); and Fe, O;), modification effect of
reduced iron powder is the best, and the best mixing dosage is 3%.

The optimal input dosage of the modified biochar (BC900@1FeP) in Cd**
solutions is 0. 2%. The Cd adsorption process of BC900@ 1FeP complies with
two-stage pseudo second-order kinetic formula, indicating chemical
adsorption. The adsorption isotherme of BC900 @ 1FeP meets Langmiur
model, which suggests monolayer adsorption. Reduced iron powder
loaded onto biochar exists as fersilicite (FeSi). In aqueous, Fe transforms
into Fe (OH);, which coordinates Cd as inner-sphere complexation,
therefore weakening Ca competition of outer-sphere complexation.

In synthezed Cd*"-bearing aqueous system with groundwater, the
Cd*" adsorption performance of BC900 and BC900 @ 1FeP is significantly
better than that of AC. At Cd*" initial concentration of 185.49mg/L, the
removal capacity of BC900 and BC900@ 1FeP is 2. 90 times and 3. 32 times
higher than that of AC, respectively. The anti-calcium performance of
BC900 @ 1FeP enhances, the removal capacity of BC900 @ 1FeP being
higher than that of BC900 at the Cd*" initial concentration range of 0~
200mg/L.

Key words: Municipal sewage sludge; Fast pyrolysis; Biochar; Heavy

metal adsorption; Groundwater
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