Stabilized soft clay as CO, sinks for
Infrastructural development
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Agenda

 BIOM MCE group in Aalto
» Excavated waste clay: Scenario in Finland

 Valorization strategies
» Soft-clay aggregates (Exterior applications)
» Clay based foams (Interior applications)

e Towards TRL7 from TRL3.
 QnA
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» Soft-Clay Stabilization
» Valorization of industry waste in geo-environment.
* Waste containment structures in mines/landfills
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* Bio-based materials in interior construction
» Bitumen recycling by bio-based additives

* Machine learning assisted Life cycle analysis
e Rammed Earth Structures

Numerical modelling (10%)




Excavated waste clay: Scenario in Finland

Clay distribution in greater Helsinki Region.

2547'5000 2545:)000 2548]5000 2549[0000 2549]5000 2550[0000 2550]5000 2551[0000 2547]5000 2548:]000 2543]500“ 254910000 25‘915000 2550[0000 2550;5000 255110000
g - . g
g Investigation points £ a) Clay depth (m)
. ° - -
® Sulphide yes 1-3 I 20-25
@® Sulphide no 3-5 B 25-30
5-10 I 30-35

I 10-15 >335

(! Land area above
. 15-20 Litorina highest shoreline

6690000
1
6690000
1

6685000
I
6685000
1

6680000
1

6680000
1

6675000
1
6675000
1

o %

o @ ® Lauttasaari g5
) o ’.'&Wenlaht?‘. 8
- 5 Kaftadh g
g ® g

== === Municipal border |:I Study area |:| Water

Saresma et al. (2025) showcase the clay distribution in the Greater Helsinki region. 4



Excavated waste clay: Scenario in Finland

Source: KREFT-BURMAN et al. (2012)
20-30 Mt waste clay requires landfilling annually (Finland) (ABSOILS-2012)

7 €/ton as logistics costs => 10.5 M€ annually in transporting alone (Helsinki)

CO, emission will start imposing extra cost on construction companies
The expected price is 100 €/CO, t by 2030

Companies and cities would incur significant costs for hauling excavated soils.



Excavated waste clay: Scenario in Finland

What kind of Clay is geologically there in Finland?

Marine Clay Lacustrine Clay Varved Clay

Carbonates Carbonates

Feldspars Carbonates
Feldspars

Feldspars

Quartz
Illite/lllite-Smectite

lllite/lllite-Smectite Quartz

lllite/lllite-Smectite

Chlorite

Quartz
Chlorite

Smectite Smectite Smectite

i)

Average ChatGPT results based on the following research works*

Al-Ani, T. and Sarapé4, O., 2008. Clay and clay mineralogy. Physical-chemical properties and industrial uses, pp.11-65.
Peuraniemi, V., Aario, R. and Pulkkinen, P., 1997. Mineralogy and geochemistry of the clay fraction of till in northern Finland. Sedimentary Geology, 111(1-4), pp.313-327.

Réisdnen, M.L., Tenhola, M.A.R.K.K.U. and Mé&kinen, J.A.R.I., 1992. Relationship between mineralogy and the physico-chemical properties of till in central Finland. Bulletin of the Geological Society of Finland,
64(1), pp.35-58.

Pulkkinen, P., 2004. Mineralogy and geochemistry of the fine and the clay fractions of till in northern Finland. University of Oulu.

Salminen, R., Kukkonen, M., Paukola, T. and Toellikkoe, S., 1997. Chemical composition of clays in southwestern Finland. SPECIAL PAPER-GEOLOGICAL SURVEY OF FINLAND, pp.117-126.
Puranen, R., Sahala, L., Saavuori, H. and Suppala, I., 1999. Airborne electromagnetic surveys of clay areas in Finland. SPECIAL PAPER-GEOLOGICAL SURVEY OF FINLAND, pp.159-172.



Excavated waste clay: Scenario in Finland

—— |llitic Clay (Uncalcined)
ation Tem perature Kaolinitic Clay (Calcined)

Amorphizatiop Poteritial

Pozzolanjic Reactivity

Sontribution \/

Filler Effect

Early Strength

Compared with kaolinite, illite is less reactive because:
o [ts layer structure is more stable.
o |t requires higher temperatures (= 800-1000 °C) to activate vs. = 650 °C for kaolinite.;



A! Excavated waste clay: Scenario in Finland

Aalto Universit

MARKET READY MATURE

Bricks & Tiles Soil conditioner

Clay valorization Land Reclamation

Cement additive

Ceramics

Lightweight aggregates

EMERGING
Advanced 3-D printing materials Nanomaterials Foams
composites
Product value High Moderate High High
Product volume Low Moderate Moderate Moderate

Consideration for emerging and market-ready markets for excavated clay utilization
* Value Vs Volume?
* Emissions & Logistics?



LECA Production Process from Clay in Finland

Clay Extraction
4
Crushing & Screening
4
Pelletizing
4
Rotary Kiln Expansion (1100-1200 °C)
4
Cooling

4

Grading & Sieving
4

Storage & Delivery

Spotted on my aIk Wi:chin
Aalto!
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Source: https://www.leca.fi/



Excavated soil

Bio-waste

Construction site

Novel engineered material

CO, sinks=>7.38%

SOFT CLAY AGGREGATE:
On-site development of aggregates using

bio-carbons and CO, sequestration. (TRL3)

Hanafi et al. (2025). 1%t revision
(Waste Management)

Accelerated carbon curing

(ACC)

LCA

Freeze
drying

-
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Pyrolysis
-High density -High porosity
-Excellent mechanical -CO, capture
properties -Superior fire resistance
-Photothermal energy
conversion

CLAY-CELLULOSE FOAMS:
High-value usage of excavated clay using
bio-carbons and CO, sequestration. (TRL3)

Baniasadi et al. (2025). Under Review
(Advanced Functional Materials)
In collaboration with AALTO CHEM
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SOFT CLAY AGGREGATE:

co,

Excavated soil

E— Binder —»

Accelerated carbon curing

A (ACC)

Bio-waste

Construction site

Novel engineered material

CO, sinks=>7.38%

o PATENT NO: (Serial number: FI 20247154)

» No calcination.

» Minimal Portland cement binder used.

 Circular binders can also be used (till now tested with 4 different binders).
» Tailormade applications.

« On-site development using bio-carbons and Accelerated CO, curing.

Source: Hanafi et al. (2025). 15t revision H



SOFT CLAY AGGREGATE

* Three step process.
» Proportionate mixing
> Pelletizing

» Curing process

Source: Hanafi et al. (2025). 15t revision v



SOFT CLAY AGGREGATE
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Fig. 6. Conceprual diagram indicating biochar’s role in carbonation curing under high and low amnospheric CO; concentration.
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A' SOFT CLAY AGGREGATE

Aalto Universit

Reference SCAs without carbon

& tes

Carbonated SCAs with carbon

30 mm 10 mm

(@)

Signal A= SE2 Date -5 Jul 2024 LTSS EHT= 300KV Sigrai A= SEZ Date 5 Jui 2024
Wo= 8.4mm Mag= 5.13KX Time 21:33:37 — WD = 8.0 mm Mag= 9.35KX Time 211551

Control SCA without carbon SCA-C with 20% carbon

Source: Hanafi et al. (2025). 15t revision

Point Compressive Strength (MPa)

2.5 1

0.5 4

Expanded Glass Foam Aggregate (GFA)

o iy, y=-0.042D + 1.6
* T . T R*=0.86
+ Strength - SCCA-C (MPa) AR AT X R
» Strength - GFA (MPa) o
5 10 15 20 25 30 35
Aggregate Size (mm)
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SOFT CLAY AGGREGATE

SCA (NC) SCA(C)

Before phenolphthalein After phenolphthalein Before phenolphthalein After phenolphthalein

addition addition addition addition
Non-Carbonated SCA Carbonated SCA
Concrete Section ( ) Concrete Section
a

Source: Hanafi et al. (2025). 15t revision

# 7 Days Compressive Strength (Mpa)

40 - 14
Minimum 28th day
’Ej\ 35 33.61 L 135 compressive  strength  of
*~ aggregate concrete bricks for
E 30 + 0 UITTUT i L Drainage and Sewage Water
~ inspection  chambers  or
= . 13 manholes ie. 22 MPa (EN
Eo 25 1996)
O E——— . RIS .
Minimum 28t day

% 20 B 12'5% compressive strength of
) B 4444 e 4@ I P aggregate concrete bricks
a 15 for Earth Retaining walls
Z 444 W e L 12 i.e. 16.5 MPa (EN 1996)
o
—
g" 1 Minimum 28" day cube

- 11.5 compressive strength for
S s+ . . T LWAC with 100% LWA

i.e. 13 MPa (SFS-EN 206)
O S - 11 15

Reference Concrete SCCA-C Concrete SCCA-NC Concrete



i Cementitious composite |

i Typical applications of cementitious composite in geotechnical infrastructure project !
1. Sidewalk 2. Road divider 3. Piling for soft clay stabilization |

4. Noise barrier 5. Drainage spills 6. Parking base blocks

A ' Major questions ahead that need solving?

__+ Moisture variations in natural clay?

s o \Minimal Portland cement binder used.
» Biocarbon availability and costs?

e Emissions?

CO; Sequestered
Soft Clay Aggregates

Cementitious composite

14

~‘Soft clay

Hiiltd sitovat rakennusmateriaalit suomalaisista sivuvirroista (HIRAS)

Carbon-sequestering building materials from Finnish side streams (HIRAS)
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Aalto Universit

A! CARBONATED CLAY CELLULOSE FOAMS

water PVA+BTCA

Freeze dry

Packagi

i Thermal and
2\ ‘acoustic insulation

Structura
materials

Biomedic

applications Filtration and Source: https://doi.org/10.1016/j.carbpol.2019.04
separation e

Contents lists available at ScienceDirect

Energy & Buildings

ELSEVIER journal homepage: www.elsevier.com/locate/enb

3 The economics of thermal superinsulation in buildings [
€ 500-5000 per m Jannis Wernery **, Francisco Mancebo?, Wim J. Malfait®, Michael 0'Connor ", L 17

Biern Petter [elle



B CARBONATED CLAY CELLULOSE FOAMS
- (Bf“"""l ____________ o '

| CNF: cellulose nanofibers

! CF10: Clay—CNF hybrids (90% clay)
! CF20: Clay-CNF hybrids (80% clay)
! CF30: Clay—CNF hybrids (70% clay) :
jll C denotes carbonated samples in
) C-CF10/20/30 in other composites

C-CF10
C-CF20
| 600 C-CF30
:E —— CF30 . E ol T -
| CFHII - C-CF20
I = 2 || e
| T 6 -~ é 3 £ 1
|0 400 » 23 4 Hybrid Clay-cellulose
4 £ - B 100 / :
1B 2 a’/ based foams are superior
T l—— o | K to cellulose only foams in
| rain (% s 0.0 0.4 0.8 1.2 .
| / s Strain (%) terms of mechanical
| ' : performance.
: 0 ; : : : 0 : : : :
| 0 20 40 60 80 100 0 20 40 60 80 100
| Strain (%) Strain (%) {

Source: Baniasadi et al. (2025). Under Review v



€ CNF  CF10 CF20 ¢ CF30 C-CF10  C-CF20  C-CF30

2y ,
o
R i

I CARBONATED CLAY CELLULOSE FOAMS

Foams at 60s
after ignition

Hybrid Clay-cellulose based foams
are superior to cellulose only foams

in terms of flame resistance
19
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% €O eq. por CCF ham Major questions ahead that need solving?
» Foam performance with lllitic clay?
» Acoustic performance?
» Biocarbon availability and costs?

Source: Baniasadi et al. (2025). Under Review .



The way ahead? Towards TRL7 from TRL3 +

Roadblocks:
1) How to minimize cement and CO, intensive synthetics/practices usage in the construction
sector to adhere to Finnish Building Act?

2) Clay characterisation and utility in other complimentary construction sectors. Are we ready
to go beyond geotechnical domain?

3) Limited funding resources. Require more industry support in the value chain to develop
robust products.

4) TRL3 is good for academicians. TRL7 and beyond is useful utilization of tax-payers
money.

5) Industry scale validation and participation only possible when academia and practitioners
come together.

22



Kiitos paljon

A w
Aalto Universit




