cj Session 1

Development of smart admixtures with active internal
CHEMSTREAM . . . .
curing, self-sealing or self-healing properties

The development of SAPs for reducing
autogenous shrinkage and accomplishing self-
healing and self-sealing properties in concrete
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cj Chemstream: The Chemical R&D Company

Profile

» Founded in April 2010

» Staff profile:
= Chemistry
» Material Science
= Bio Engineer
» Located near Antwerp

» Lab-facilities (500 m2)
* Organic Synthesis
= Chemical Formulation | e ==
= Coatings and (Inkjet) Inks e S8
= Characterization z
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cj What is a SAP?

‘super absorbing polymer’
also named ‘hydrogel’

a 3D crosslinked hydrophilic
polymer network

capable of swelling and de-
swelling reversibly in water
and retaining ‘large’ volumes
of liquid in swollen state
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cj SAPs as additives in concrete

In literature SAPs are added to concrete for:
e Mitigation of autogeneous shrinkage
e Self-sealing
e Self-healing

Most SAPs described in literature, used in concrete applications:
e Commercial SAPs
e Based on acrylic acid (AA) chemistry and its salts (R-COO-M*)
e Very low crosslinking degree => very high swelling potential
o Fixed particle sizes

ChemStream



CJ SAPs as additives in concrete

In literature SAPs are added to concrete for:

e Mitigation of autogeneous shrinkage
e Self-sealing
e Self-healing

Most SAPs described in literature, used in concrete applications:
/e Commercial SAPs )

e Based on acrylic acid (AA) chemistry and its salts (R-COO-M*)
e Very low crosslinking degree => very high swelling potential

= restraints

e Fixed particle sizes

- J

ChemStream



CJ SAPs as additives in concrete

Different SAP characteristics will determine their effect in concrete
applications:
e Chemistry:
Type of hydrophilic groups: non-ionic, anionic, cationic, amphoteric, zwitterionic
Type of ionic groups present on the SAP particles (R-COO"M*, R-SO3-M"*,...)
Type of crosslinking: chemical, ionic, H-bonds,...
e lonic Strength:
concentration of ionic groups / mol SAP
e Particle size distribution
e Crosslinking density of the polymer network
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CJ SAPs as additives in concrete

Different SAP characteristics will determine their effect in concrete
applications:
e Chemistry:
o Type of hydrophilic groups: non-ionic, anionic, cationic, amphoteric, zwitterionic
o Type of ionic groups present on the SAP particles (R-COO"M*, R-SO3"\M"*,...)
o Type of crosslinking: chemical, ionic, H-bonds,...

e lonic Strength: ChemStream has the
possibility to design SAPs
In order to systematically

High concentration of ionic groups / mol SAP
e Particle size distribution variation determine the effect of

e Crosslinking density of the polymer network SAP-characteristics In
concrete
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cj SAP synthesis

Lab-scale
(4L=>0,8Kqg)

Pilot-scale
(15 L => 3 KQ)

Main necessary reagents:
e Monomer solution in water
(sulfate-containing monomers R-SO3-M*)
e Crosslinker
(alkali stable crosslinker)
e Thermal initiator
to start the polymerisation reaction
All in 1 reactor - inert atmosphere -
stirring - heating

=> Exothermic - formation of solid hydrogel
- water trapped inside

ChemStream
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cj SAP synthesis

Further steps:

e Cutting/breaking of solid hydrogel
into smaller pieces

e Drying of the gel to remove rest
water

e Grinding the dried SAP to a
specific particle size distribution
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cj SAP synthesis

manually
Further steps: /
e Cutting/breaking of solid hydrogel Oven at 80°C
in smaller pieces FETSCH ZM 200
e Drying of the gel lumps to remové centrifugal mill

rest water

e Grinding the dried SAP to a
specific particle size distribution
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CJ SAP synthesis
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CJ SAP set

Provided to Labo Magnel
(Ugent)

Main variables for tests in
concrete:

Crosslinking degree
particle size distribution
wt% of SAP in cement

ChemStream nr mol% grinding conditions D50
Product name Retsch um
CSF0600250/03/AA 0,25 mm sieve/9600 rpm 100
CSF0600250/03/AA 0,25 mm sieve/14000 rpm 40
CSF0600250/03/AA 0,08 mm sieve/18000 rpm 15
CSF0600250/01/AA 0,38 0,08 mm sieve/18000 rpm 15
CSF0600250/01/AB 0,38 0,25 mm sieve/9600 rpm 100
CSF0600250/01/AB 0,38 0,25 mm sieve/14000 rpm 40
CSF0600250/04/AA 0,575 0,25 mm sieve/9600 rpm 100
CSF0600250/04/AA 0,575 0,25 mm sieve/14000 rpm 40
CSF0600250/04/AA 0,575 0,08 mm sieve/18000 rpm 15
CSF0600250/02/AA 0,775 0,25 mm sieve/9600 rpm 100
CSF0600250/02/AA 0,775 0,25 mm sieve/14000 rpm 40
CSF0600250/02/AA 0,775 0,08 mm sieve/18000 rpm 15
CSF0600250/02/AB 0,775 4 mm sieve/6000 rpm 500
CSF0600250/05/AA 0,25 mm sieve/9600 rpm 100
CSF0600250/05/AA 0,25 mm sieve/14000 rpm 40
CSF0600250/05/AA 0,08 mm sieve/18000 rpm 15
CSF0600250/05/AB 4 mm sieve/6000 rpm 500
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CJ SAP properties: influence of CL-density

Swelling capacity in demi water (g H20/g SAP)

Swelling capacity in cement filtrate (g CF/g SAP)

swelling degree in water

(g DW/g)
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CJ SAP properties: influence of CL-density

Soluble fraction (%)

= fraction of product that is not crosslinked in the hydrogel network

% solubles
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x 100

M, = original dry SAP
weight before swelling
in water

M; = dry SAP weight
after swelling in water
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CJ SAP set

Provided to Labo Magnel
(Ugent)

Main variables for tests in
concrete:

Crosslinking degree
particle size distribution
wt% of SAP in cement

Results: see lecture of
Laurence De Meyst (Ugent)
Session 2

ChemStream nr mol% grinding conditions D50
Product name Retsch um
CSF0600250/03/AA 0,25 mm sieve/9600 rpm 100
CSF0600250/03/AA 0,25 mm sieve/14000 rpm 40
CSF0600250/03/AA 0,08 mm sieve/18000 rpm 15
CSF0600250/01/AA 0,38 0,08 mm sieve/18000 rpm 15
CSF0600250/01/AB 0,38 0,25 mm sieve/9600 rpm 100
CSF0600250/01/AB 0,38 0,25 mm sieve/14000 rpm 40
CSF0600250/04/AA 0,575 0,25 mm sieve/9600 rpm 100
CSF0600250/04/AA 0,575 0,25 mm sieve/14000 rpm 40
CSF0600250/04/AA 0,575 0,08 mm sieve/18000 rpm 15
CSF0600250/02/AA 0,775 0,25 mm sieve/9600 rpm 100
CSF0600250/02/AA 0,775 0,25 mm sieve/14000 rpm 40
CSF0600250/02/AA 0,775 0,08 mm sieve/18000 rpm 15
CSF0600250/02/AB 0,775 4 mm sieve/6000 rpm 500
CSF0600250/05/AA 0,25 mm sieve/9600 rpm 100
CSF0600250/05/AA 0,25 mm sieve/14000 rpm 40
CSF0600250/05/AA 0,08 mm sieve/18000 rpm 15
CSF0600250/05/AB 4 mm sieve/6000 rpm 500
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CJ Thank you for listening!

For more information
do come to our table-top
INn the central hall

www.chemstream.be

& LoRCE
S LORCENIS

The LORCENIS project has received funding from the
European Union’s Horizon2020 research and innovation
programme under grant agreement No 685445
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