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Our campany

We invent and develop Thermal Desorption Technologies
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A very hot topic
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PFAS various properties
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PFAS soil distribution inters o 1025~

Porewater Concentration versus Total Soil Concentration

Porewater Concentration (C,)

Distribution can be very

different depending on the
type of PFAS molecule and
type of soil
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Various treatment approaches

Physical separation

e Soil washing
") ® Thermal treatment

Chemical stabilization
e Reduced PFAS solubility

%) Molecular reaction

8| * Breaking C-F bonds
 Bio / electron beam / incineration
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Congrés-Exposition Infernational sur fes Sols, les Sédiments et I'Eau
International Confgrence-Exhibifion on Soils, Sediments and Water

PFAS are volatilizable o ters ol 9025

Sample 0 Sample 2 Sample 3 Sample 4 Sample 7
(untreated sample) (7 days/300°C) (7 days/350°C) (7 days/400°C) (14 days/350°C)
Compound

ue/ke he/ke rer;/:)val ue/ke ren:/:)val he/ke rerr:/:)val he/ke rerr:/:)val
140 8.4 94.00% 0.14 99.90% <0.0014 >99.999% <0.00014 >99.9999%
236 15.3 93.50% 0.47 99.80% <0.0024 >99.999% <0.000236 >99.9999%
m 152 59.3 61.00% 0.30 99.80% <0.0015 >99.999% <0.000152 >99.9999%
m 521 15.6 97.00% 0.52 99.90% <0.0052 >99.999% <0.000521 >99.9999%
m 236 22.4 90.50% 0.24 99.90% <0.0024 >99.999% <0.000236 >99.9999%
m 8,572 3,771.7 56.00% 8.57 99.90% <0.0857 >99.999% <0.008572 >99.9999%
m 129 8.4 93.50% 1.29 99.00% <0.0013 >99.999% <0.000129 >99.9999%
m 167 4.8 97.10% 1.67 99.00% <0.0017 >99.999% <0.000167 >99.9999%
“ 15,152 5,530.5 63.50% 15.15 99.90% <0.1515 >99.999% <0.015152 >99.9999%
“ 423 99.4 76.50% 0.42 99.90% <0.0042 >99.999% <0.000423 >99.9999%
25,728 9,535.8 63% 28.8 99.9% 0.257 99.999% 0.025 99.9999%
Crownover, Emily, Daniel Oberle, Mark Kluger, et Gorm Heron. 2019. « Perfluoroalkyl and Polyfluoroalkyl Substances Thermal Desorption
Evaluation ». Remediation Journal 29 + aemerso
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But what about vapor treatment ?

Heating (TCH) @ 350-450°C

Soil contaminated
with PFAS

Vapors contaminated with PFAS

Clean soil
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Condern.
in Pl‘r‘ .

GACs concentrated in PFAS

Non-condggsable vapors
: residues

Adsorption (GAC)
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PFAS incineration conditions

Various PFAS >1.000

> 700

> 850

900

Destruction
rate(%)

~99.9

> 99.99999
Complete
Mineralization

Complete
Mineralization

.......
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(Wallace et al.
2023)

(Weber et al.
2023)

(Weber et al.
2023)

(Wallace et al.

2023)

Few by-products (<1%)
Rapport H/F élevé, exces de

vapeur et d'O2 nécessaires

Rapport H/F élevé, exces de
vapeur et d'O2 nécessaires

Conditions alcalines
nécessaires
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Thermal desorption & Reburn
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1. HEAT THE SOIL

Objective : vaporize the contaminant

2. CATCH THE CONTAMINANTS

Extraction of all contaminants

3. TREAT THE CONTAMINANTS

Direct injection of the contaminants into the
flame

- Thermal oxydation
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Project summary

* Korsor (Denmark)
* Pilot test for Korsegr firefighter school site remediation

* Client : Region Hovestaden (public)
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* Assens

+Nykobing
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Project summary

Pilot test

32T of contaminated soil

/PFOA/
=200 ug/kg

6 burners

/PFNA

24°
.......

ngrés-Exposition Iifernational sur fes Sols, les Sédiments et I'Eau

Containerized treatment

Objectives :
4 PFAS : 10 pg/kg
22PFAS : 400 pg/kg
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Flux & Reburn

Intake fresh air (dilution)

Container Burner flame EXhaust gas

Tair < 20°C
P<0
Q=1500-2000

e

P<0
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Soil is heated to

350°C
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Tgas~350-400°C

Q~ 200-250 kg/h

sssssss

mters .:I 2025
Continuous
monitoring of HF _
| I'/~% Continuous
Gas sar_qplﬂg_ 1 - monitoring of HF
|
| I Gas sampling
kg/h
Granular activated
carbon filters (GAC)
| et :
|(GAC sampling)!
| A ——
| Tgas <60°C
Exhaust [P>0
fan Q~1700-2250kg/h

PFAS vaporization

and extraction

Insertion of vapours

into the flame
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o Continuous
Intake fresh air (dilution) monitoring of HF

i -
| .Continuous
Gas samplmg

Container Exhaust gas
i ' mmve o w—y Imonitoring of HF
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Tair < 20°C ' |
P<0
Q=1500-2000 kg/h
Grgfiular activated
v, - p o— rbon filters (GAC)

A
( ) [ W &t o .y
Tgas~350-400°C % ‘GAC sampling)l

P<0 D ———
Q~ 200-250 kg/h | Tgas <60°C

Exhaust |P>0

fan Q~1700-2250ka/h

I
Heating pipe '—->—

Presence of a GAC

Vapor cooled down to prevent from

Sampling before CA

uncontrolled

emissions
+ aemers’

technologies

at 60°C




Sampling (various methodologies)

Analysis =ell GAC
v Before and after treatment Before and after treatment

AOF (Adsorbable
Organofluorines)
EOF (Extractable Organofluorines) + +

TOF (Total Organofluorines) + +
Total Fluorine + +

Volatile organic fluorine (VOF)
such as (CF4), (C2F6), (C3F8), - -

(caF10)

Mineralized fluor (HF) = -

Total sulfur + +
Total chlorine + =
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Condensate
After treatment
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Sampling (OTMA45)

Container

it
A

Inner tube
(heating pipe)

Outer tube
(heating pipe) M <+

* Low volatile
compounds

* Heavy molecular
weight PFAS

linked to liquid air

particles
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Gas Burners Gas Burners

Gas burner
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Vapor tube
Adsorption on support
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Volatile
compounds with
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Small chain (C-F)
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Congrés-Exposition Iafernational sur fes Sols, les Sédiments et I'Eau
Intornational Confgrence-Exhibifion on Soils, Sediments and Water
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PFAS incineration conditions

empera
ture

H Ratio
Excess
( aux)
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02 Ratio
( aux)
Excess
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Design adaptation (temperature) infers ol 2025
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¢ axe_de_symetrie
aroi_lat fube de chau

2.00e+03
1.80e+03
1.60e+03
1.40e+03

1.20e+03
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1.00e+03

8.00e+02

6.00e+02

4.00e+02

Haemers Technologies prope

2.00e+02

0.00e+00

Position (m)

Vapors heated to T > 1.800 °C
$oemers
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Design adaptation (residence time) Sy M

Change of heating tube
design

02 injection (40% total
volume) to decrease total

=

d - .
flow DACU 0818224 Y 9 ,«‘\. i
> / Residence time U \i
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‘ But won’t be necessary with longer heating tubes + aem&[ﬁ
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Results
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A destructive treatment method
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