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Chlorinated solvents contamination

« Chlorinated solvents are widespread groundwater

contaminants globally. . = .
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Why ZVI-biochar? ) )
==

: i « Gives high porosity
CLL P C Prgwaes : i andsurface area, ie., ‘:
)= ;. reducing power i i sorption capacity '

i« Acts as catalyst

Reductive
dechlorination

ZVI-biochar

« Combines adsorption and reductive
dechlorination

ZVI-biochar : « Granular material, stable with high hydraulic
: conductivity for permeable reactive barriers
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How to make reactive ZVI-biochar?

Borohydride reduction

Pyrolysis was performed at i, l NaBl, N; N, E . co
350,500.650 and 800 °C for 4 hours

solution

H - L Hi" ;‘ CH, % .@‘F‘E('mLon reduction

FeSO, solution - ; . .
RSN : . Syngas

generation

Pinc sawdust Biochur

nZV1 loaded nto brochar The prepared ZB 12 was

i (mass ratio is 1:2) dried with nitrogen under
Liu et al. (2022) water bath environment

® @

Zhao et al. (2025)

« Requires strong, expensive reductant : « ZVIformed during pyrolysis
« Creates wastewater i+ Simple and economic
« Environmentally unfriendly : » Raw materials abundant
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CO,-assisted pyrolysis promotes ZVI formation

ZV1-biochar production

Beechwood — Pyrolysis — ZVI-biochar
: + FeCls - 800-900 °C
: + urea - N2 only or with CO,

» Intrioducing CO, during pyrolysis promoted
ZVI formation, potentially lowering
production temperature.

Intensity
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ZVI1-biochar reactivity with trichloroethylene (TCE)
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» ZVI-biochar produced at >850°C completely 40
removed TCE, mainly through degradation.
20
» CO, activation accelerated TCE . '

dechlorination rate by up to 6.7-fold and (o g ) A A o0
enabled reactive ZVI-biochar production at & %@ﬁ@ o o
lower temperatures. < N & &

k, h
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How stable are they?

RO e e e e T e T E LR e REE R CEER LR ., 120 1.0
S ©) mEE Remaining TCE [l AE [ RE
Aging in water for — .
I i upto12d Add TCE = 10
or TCE 80

(« Aging in air for up : _
\Q g \ t0 24 h ZVI-biochar = 5 g/L
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Reaction time = 24 h
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» Air aging reduced TCE degradation rates,
whereas water aging had little effect. ;

» ZVI-biochar retained a high TCE
degradation extent after both water
and air aging.
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How reactive is this ZVI-biochar in polluted groundwater?

» Chlorinated ethylenes (e.g., VC, TCE)

« Co-contaminants: sulphonamides, benzene and barbiturates
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» TCE and VC are rapidly converted to
ethylene and ethane under
groundwater conditions.
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ZVI-biochar reactivity under continuous flow conditions

No. Media Water type Purpose

1 Sand only GW Background control

2 Sand + biochar GW ZVI-biochar reactivity
3 Sand + ZVI-biochar GW ZVI-BC reactivity

4 Sand + ZVI-biochar DDW Iron corrosion test

5 Sediment only GW Sediment control

6 Sediment + ZVI-biochar  GW Sediment effects

Layer-3 (quartz sand) { Cotton

Layer-2
> (quartz sand/sediment + ZVI-biochar/biochar)

(with septa)

Layer-1 (quartz sand) { Cotton

m—

' water flow

Grindsted sife Sediment and groundwater (GW)
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ZVI-biochar reactivity under continuous flow conditions
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» Controls showed no VC removal.

» ZVI-biochar achieved complete VC
removal before breakthrough.

» ZVI-biochar also removed sulphonamides

and barbiturates through adsorption.

(sand/sediment + ZVI-biochar)

)

(P

» However, acidic groundwater (pH 5.5)
rapidly corroded ZVI under continuous
flow.
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Design of a reactive permeable barrier

: Up Cin
VCremoval, % 1, my?'  ZVI-biochar, % £ h? L, m L = In
99 150 14 018 43 kK Cout
99 150 10 13 06 L (m): thickness of the wall

v, (m y'): pore water velocity in the wall

99 150 30 39 02 k (h'"): degradation rate of VC
¢;,. VC concentration before passing through the wall
Coui. VC concentration after passing through the wall
) o
D

» 99% VC removal at 150 m yr: ~0.5 m wall with
10-30 wt% ZVI-biochar.

> At 30 wt%: ~4-5 years estimated lifetime.

> Lifetime could be extended by controlling
acidity and reducing ZVI corrosion.
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Take home messages

d CO,-assisted one-step pyrolysis promoted ZVI formation and enabled the
production of granular, highly reactive ZVI-biochar.

d  ZVI-biochar could rapidly degrade TCE and VC in contaminated groundwater
and retained high reactivity after water/air aging.

1 Under continuous flow, VC removal was effective, but acidic groundwater
accelerated ZVI corrosion and shortened its reactive lifetime.
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Future work

& Granular biomass

‘ Granular ZVI-biochar

@ Fe()

Syngas

\~~ Chlorinated ethylenes

Granular ZVI-biochar
=== Hydrocarbons

Contaminated
groundwater
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1 Extend reactive lifetime by controlling

groundwater acidity and reducing ZVI
corrosion.

 Validate long-term performance at field-
relevant scale.

O Assess scalability, environmental impacts
and costs through production optimization,
LCA and economic evaluation.

THANK YOU!
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