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Overview

• PFAS Overview

• Smouldering Combustion Basics 

• Hydrocarbon Applications

• Applicability to PFAS

• PFAS Smouldering

• Lab Results

• Scale Up Testing Program

• Summary
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No natural 

source

Thousands of 

chemicals

Thermally and 

chemically 

stable

Resist water, 

heat, and grease 

and reduce 

friction

Linked to cancer, 

immune and 

reproductive 

system toxicity

PFAS Overview
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PFAS in the Media
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US EPA Interim Guidance

Presents three destruction 

/ disposal methods that 

may be effective and are 

commercially available:

• Thermal treatment

• Landfilling

• Underground injection 

(for liquid wastes)
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𝐻𝐸𝐴𝑇

Mineralization 

• Increases with Temp > 700°C

• Maximizes at Temp > 900°C

𝑃𝐹𝐴𝑆 HF + 𝑠ℎ𝑜𝑟𝑡𝑒𝑟 𝑐ℎ𝑎𝑖𝑛 𝑐𝑜𝑚𝑝𝑜𝑢𝑛𝑑𝑠

Thermal Treatment of PFAS

Vecitis et al., 2009; Wang et al., 2011; Watanabe et al., 2015; Yamada et al., 2005 

(AAAS, 2021)



Smouldering Combustion
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Smouldering Combustion

STAR and STARx are based on the process of 

smouldering combustion:

Exothermic reaction converting carbon 

compounds to CO2 + H2O

Fuel

Heat Oxidant

STAR / STARx is a flameless combustion process: only smouldering

is possible within a porous matrix (i.e., soil)

Combustion

Contaminated 

Soil or Waste 

Product

Injected 

Air
Heater Element 

(for ignition only)
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• In situ (below water table)

• Applied via wells in portable in-well heaters

• Ex situ (above ground)

• Soil piles placed on “Hottpad” system

Modes of Application
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STAR Example Project – New Jersey

• 37 acres site

• Coal tar mass destroyed = 

150,000 lbs (~70,000 kg)

• 2,200 Ignition Points (IPs)

• 1,723 Surficial Fill

• 482 Deep Sand

• ~1,000 Remedy Verification 

Samples

• 200,000 Safe Work Hours

• Regulatory Certification for 

Site Closure – September 

2019
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Before After

STARx Example Project – SE Asia
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𝐻𝐸𝐴𝑇

Mineralization 

• Increases with Temp > 700°C

• Maximizes at Temp > 900°C

𝑃𝐹𝐴𝑆 HF + 𝑠ℎ𝑜𝑟𝑡𝑒𝑟 𝑐ℎ𝑎𝑖𝑛 𝑐𝑜𝑚𝑝𝑜𝑢𝑛𝑑𝑠

Thermal Treatment of PFAS

But PFAS not a smoulderable fuel

• Requires a surrogate fuel

What About Spent GAC?

• A potential waste product that 

contains PFAS

Vecitis et al., 2009; Wang et al., 2011; Watanabe et al., 2015; Yamada et al., 2005 
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Confidential

Goal: Can smouldering GAC remediate PFAS?  

• Phase I (no PFAS)

• What is the relationship between GAC concentration and 
smouldering temperature?

Can smouldering GAC remediate PFAS?

• Phase II: PFAS-contaminated GAC

• Phase III: PFAS-contaminated surrogate soil

• Phase IV: PFAS-contaminated field soil

SERDP Project
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Confidential

Experimental Setup
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Key Takeaways

• Temp ∝ to [GAC]

• Small impact of air 

flux on temp

• Smouldering front 

velocity increases 

with increased air 

flux (data not shown)

Smouldering Temperatures

Reprinted with permission from Duchesne et al., Env Sci Technol. 

dx.doi.org/10.1021/acs.est.0c03058
Copyright 2020 American Chemical Society.
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PFAS in Soil and GAC

Key Takeaways

• BDL (except as noted) 
after treatment 
regardless of initial 
PFAS mass over orders 
of magnitude

• Low Temp (III-5) was 
also BDL

B.D.L. = 0.0005 mg/kg (III-2 B.D.L. = 0.0002 mg/kg) and B.Q.L. = 0.001 mg/kg. 

Reprinted with permission from Duchesne, Alexandra L., Joshua K. Brown, David J. Patch, David 
Major, Kela P. Weber, and Jason I. Gerhard. 2020. "Remediation of PFAS-Contaminated Soil and 
Granular Activated Carbon by Smoldering Combustion." Environmental Science & Technology 54 
(19):12631-12640. doi: 10.1021/acs.est.0c03058. Copyright 2020 American Chemical Society



17For more details: https://dx.doi.org/10.1021/acs.est.0c03058

Publication
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On-Going Work

Phase 1:

Lab Column 
Tests

Mass Balance / 
Optimization

Phase 2:

Intermediate 
Scale Reactor

Heterogeneity

Phase 3:

Pilot Scale Tests

Field 
Deployable
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Phase 1 – Lab Column Tests

PFAS Emissions System

Contaminated 
Sand & GAC

PFAS Emissions System

HF Emissions System

HF Emissions System
Clean 
Sand 

Heater

Air Supply

Thermocouples

Inner 
Column

Previous column 
design

New column 
design HF Impingers

Drierite

Flowmeter

Pump
Cooling Bath

Drierite

Flowmeter

Pump

Cooling Bath

Copper Tubing

Sorption Tubes

Wet GAC Impinger
PFAS Emissions Collection System 

HF Emissions System (EPA Method 26)

(LC-MS/MS, CIC)
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Phase 1 - Smouldering Emissions

Key Takeaways

• PFAS13 reduced to below detection limits in soils

• <1% of PFAS13 found in the emissions

– Majority of PFAS is destroyed (converted to HF)

– No breakthrough of PFAS in emissions collection system

• PFAS are altered during smouldering

– Formation of carboxylate PFAS

– Conversion from C4-C9 to C2-C3

• HF data suggests ~70 - 80% mass balance



21

Phase 1 – Enhanced Destruction

Test Name
Average Peak Temperature 

(°C)
GAC Concentration 

(g/kg)
CaO Concentration 

(g/kg)
Total F- Captured as HF 

(mg)

II-2 940 50 - 73.8%

II-3 887 50 - 48.1%

II-4 908 50 - 55.7%

II-6 795 50 50 2.3%

II-8 890 50 10 4.8%

• Calcium Oxide (CaO) found to exhibit pseudo-catalytic effect promoting PFAS 
destruction at lower temperatures (Wang et al., 2011, 2013, 2015)

• Column tests using PFOS loaded on GAC at known concentrations

• Preliminary results suggest CaO also removes HF from emissions
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On-Going Work

Phase 1:

Lab Column 
Tests

Mass Balance / 
Optimization

Phase 2:

Intermediate 
Scale Reactor

Heterogeneity

Phase 3:

Pilot Scale Tests

Field 
Deployable
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Phase 2 – Intermediate Scale Reactor

PFAS-Impacted Field Soil 
+ 40 g/kg GAC + 10 g/kg CaO

Limestone cap

Objectives:

• Track peak combustion 

temperatures (centerline 

and radial)

• Evaluate effectiveness of 

CaO / limestone at 

removing HF

• Pre-/post-treatment soils 

analysis

• Emissions analysis
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Phase 2 – Intermediate Scale Reactor

Sorption Tubes

Inconel Tubing

Silica Gel

Flowmeter

Field Soil 

Mixture

Limestone Cap

To Extraction

Pump

Cooling Bath

To Extraction

Silica Gel

Flowmeter

Pump

Air Sampling

PFAS Emissions Collection System 

HF Emissions System (EPA Method 26, ISE)

(GC-Orbitrap)

HF Impingers

Moisture Knock-Out

PFTE Tubing

HDPE Tubing

Polypropylene Tubing
Sampling Port 

PFAS 
Sorption 

Tubes

Flow Totalizers

Moisture 
Knock-out

HF Impingers

ISR

Pumps
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Phase 2 – Intermediate Scale Reactor

Pre-treatment

Post-treatment
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• Consistent peak temperatures (~800°C)

• HF not detected in emissions after limestone cap

• PFAS in soil and emissions analytical results 

pending
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On-Going Work

Phase 1:

Lab Column 
Tests

Mass Balance / 
Optimization

Phase 2:

Intermediate 
Scale Reactor

Heterogeneity

Phase 3:

Pilot Scale Tests

Field 
Deployable
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Phase 3 – Pilot Test

• CFB Trenton

• Mobilizing equipment late October 2021

Two tests planned:
1. Virgin GAC
2. Spent GAC
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Implications

• Smouldering is very promising treatment option for:  

• PFAS-contaminated soil mixed with clean GAC

• PFAS-contaminated GAC

• Potential for low-cost, combined treatment facility 

• Contaminated GAC and soil can be combined for increased net 

treatment

• GAC used in emissions treatment system can be used as fuel once 

spent

CONFIDENTIAL

Confidential
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Potential Application

Ex Situ: Soil or Waste GAC
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Potential Application

In Situ Source Treatment
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Summary

• STAR / STARx is a rapid, sustainable, and cost-effective method 

for treatment of coal tar, creosote, and petroleum hydrocarbons

• Significant potential for treatment of PFAS

• PFAS13 reduced to below detection limits in soils

• Majority of PFAS is destroyed (converted to HF)

• CaO can promote destruction at lower temperatures and may remove HF from 

emissions

• Larger scale tests to assess heterogeneity and ex situ field 

implementation in progress
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Questions?
savronsolutions.com
LKinsman@savronsolutions.com


