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Introduction

This laboratory focuses on functional construction materials’ researches.

For Advanced Research

> Anton Paar MCR 302e Modular Compact Rheometer

> Mettler Toledo G400 ParticleTrack

> Mettler Toledo G20S Compact Potentiometric Titrator

> Carbolite VMF10/6 Volatile Matter Furnace

> Carbolite CTF12/65/550 Tube Furnace

> Mettler Toledo G20S Compact Potentiometric Titrator

> Metrohm Multi Autolab/M204 - Multi Potentiostat/Galvanostat

> SHEL LAB CO2 Incubator
> |IKA Overhead Stirrers RW 20 digital
> Plasma Enhanced Chemical Vapor Deposition System
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Anton Paar MCR 302e Mettler Toledo G400 Mettler Toledo G20S
Modular Compact Rheometer ParticleTrack Compact Potentiometric Titrator

MCR 302e allows quick and easy This probe-based instrument with Focused G20S extends usability with the same
rheological measurements with torque Beam Reflectance Measurement, FRRM, space saving design as the Compact
range from 0.5 nNm to 230 mNm. technology is inserted into laboratory titrators. It supports 150 analysis

_ reactors to track changes of particle size methods with 12 method functions +
It has active thermal management of and count in real time at full process 12 shortcuts per user, plus LabX
motor and bearing for long-term concentrations. It helps to determine the Express software for multiple routine
measurements even at high torques. influence of process parameters on titrations and users.

particle size and count.
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Carbolite VMF10/6

Volatile Matter Furnace

This volatile matter furnace
fulfills the requirements of 1ISO
562:2010. It has working
volume capacity of 100 x 210 x
260mm and working
temperature up to 1000 degree
Celsius.

Carbolite CTF12/65/550
Tube Furnace

This furnace’s work tubes protect the
furnace construction from contaminants
and make it easier to maintain a modified
atmosphere around the samples. It is
more suitable for processing smaller
samples due to its smaller volume
capacity and fast heat-up rates.

It has 1200 deg Celsius as its max work
temperature when the ceramic work tube
is wound with resistance wire.

‘!:-u\'!:.

EALRETRER

Ametek VersaSCAN
Electrochemical Scanning System

This system is capable of providing

spatial resolution to both
electrochemical and materials-based
measurements. It integrates a

positioning system, measurement
instrumentation and probe to provide
local information of anodic or cathodic
character.
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Metrohm Multi Autolab/M204 — IKA Overhead Stirrers

Multi Potentiostat/Galvanostat SHEL LAB CO2 Incubator RW 20 digital
This is a multi channel potentiostat/ ThIS co2 Incubator_ Serves a The overhead stirrers are
galvanostat based on the compact Autolab wide range of bacterial and cell capable for uni | use f
PGSTAT204. It consists of a Multi Autolab growth ~ applications  using 80 15 D000rOM . Sesed. The
Cabinet which can be fitted with up to 12 innovative technology to ensure to 2090rpm speed. They
M204 modules uniform temperature and can stir samples quantities of

' humidity levels within small error up to 20L H,0.

Each M204 is a completely independent margins.

potentiostat/ galvanostat, which allows
users to perform different measurements
on each channel at the same time.
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The plasma enhance chemical vapor deposition (PECVD) system is
designed for two-dimensional nanomaterials synthesis such as the
graphene and carbon nanotube (CNT).

The system includes a high-temperature tube furnace with the temperature
up to 1400 Celsius, four mass flow controllers for gas delivery, liquid
nitrogen cold trap for moisture elimination, air bubbler for liquid phase
precursor delivery and a plasma source for pretreatment of the gas
precursor to achieve lower reaction temperature. The system is capable of
graphene, CNT, MoS2, and other 2D nanomaterials synthesis.

Plasma Enhanced Chemical Vapor Deposition System
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Prof. Poon, Chi Sun

Michael Anson Professor in Civil Engineering, Chair
Professor of Sustainable Construction Materials,
Head of Department of Civil and Environmental
Engineering, Director of Research Centre for
Resources Engineering towards Carbon Neutrality

Email: cecspoon@polyu.edu.hk

Homepage: https://www.cecspoon.com

Dr. Zhang, Shipeng

Assistant Professor

Email: shipeng.zhang@polyu.edu.hk
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Ir Prof. Y.Q. Ni
Yim, Mak, Kwok & Chung Professor in Smart

Structures, Chair Professor of Smart Structures and
Rail Transit, Director of National Rail Transit
Electrification and Automation Engineering
Technology Research Centre (Hong Kong Branch)
Email: yiging.ni@polyu.edu.hk

Homepage: https://www.polyu.edu.hk/cee/~yqni/
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esearch Spotlight

Low-carbon Geopolymer Cementitious Composites

Low-carbon Geopolymer Cementitious Composites

QO Global warming and climate change are huge concerns worldwide. Hong Kong has promised to achieve
carbon neutrality before 2050. Since the cement industry is one of the major contributors to global
warming, clinker-free cement, which is also referred to as geopolymer or alkali-activated material (AAM),
is one of possible solutions to lower greenhouse gas emissions and help to achieve carbon neutrality.

0 Production of geopolymer concrete can lead to a reduction of CO, emissions by 50%-80% and require
60% less energy compared with that of conventional ordinary Portland cement (OPC) concrete.

O Geopolymer is manufactured through chemical activation of aluminosilicate precursor materials, either

Hahl,

naturally a

such as

olin or from industrial byproducts like fly ash or slag (termed as

“precursor”), using acidic or alkaline agents (labeled as “activator”).

Terminology and mixing approaches

Alkali-aluminosilicate
geopolymers or silico-
aluminophosphate
geopolymers based on
the activation process of
aluminosilicate sources
under alkaline or acidic
conditions.

C-(A)-S-H gels and/or N-
A-S-H gels are dominant
in alkali-aluminosilicate
geopolymers.

S-A-P gels dominate
silico-aluminophosphate
geopolymers.

Production of geopolymer
can be achieved following
either "one-part"
terminology (solid
activators) or "two-part"
system (liquid activators).
The one-part or "just-add-
water" geopolymer has
excellent potential in
practice due to its simple
operation (simply mixing
water with the readily-
mixed binder).

The one-part geopolymer
can be produced as
distributive bagged
material, enabling
convenient storage, safe
transportation, and mass
production.

The technology of
superplasticizers is still
under development.
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Additive manufacturing (3D printing)

Rheology and thixotropy of
one-part geopolymer are the
controlling factors.

The 3D printing in
construction is usually
carried out by means of an
automated, selective, and
layer-by-layer deposition of
cement-based materials
through extrusion or powder-
bed/inkjet technology, which
may be a potential game-
changer in the construction
industry.

Successful 3D printing
examples of one-part
geopolymer using extrusion
and powder-bed/inkjet
technologies.

Repair material

Using the
geopolymer cement, high-
performance mortars can
be achieved and
implemented as  repair
materials.

By the addition of fiber
reinforcement, super
ductile engineered
geopolymer  composites
(EGC) can be developed.

Geopolymer mortar
possesses excellent bond Pan—
strength with OPC Awstan 7 e &

concrete and can be used
for rehabilitation  and
strengthening.

=
>

ENGINEERING

C DEPARTMENT OF
E é CIVIL ano ENVIRONMENTAL

EP AR TRER

Functional Artificial Aggregates for
Sustainable Construction

Functional Artificial Aggregates for Sustainable Construction

Aggregates occupy most volume of concrete materials. Shortages of natural aggregates (sand and gravel)
nowadays become a critical problem for concrete industry because of the unprecedented scale of construction
activities. The large-scale excavation of natural aggregates has also severely imposed a threat onto natural

environments.

Artificial aggregates can be produced from industry by-products/urban wastes that increase annually through
the sintering or cold bonding technology. Manufacturing artificial aggregates provides a one-stone two-birds
solution to the above-mentioned problem. Cost-effective methods are being explored here to produce both
coarse and fine artificial aggregates with large-quantity, which can be also functionized with different physical,

mect ical and ct

& concrete composites.

Artificial Coarse Aggregates (ACA)
for Ordinary Concrete

| properties during the manufacturing, to enable production of high-performance cement

Artificial Fine Aggregates (AFA) for
High-Performance Cementitious Composites
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Research Spotlight

Eco-friendly and Multifunctional Concrete Coatings Carbon Neutral Construction Materials

Eco-friendly and Multifunctional Concrete Coatings

Carbon Netural Construction Materials

Surface coating is a most cost-effective means which can isolate concrete buildings and infrastructure from
hostile service environments. Research efforts here are being devoted to the development of eco-friendly and
multifunctional concrete coatings mainly from the following two aspects: (1) Creating a super hydrophobic/
self-cleaning surface by chemical modification and micro-/nano-structure fabrication, to improve the durability
of concrete structures and reduce the life-cycle maintenance cost; (2) Achieving a daytime sub-ambient
radiative cooling effect for reducing building energy consumption and mitigating the urban heat island effect.
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Capture and storage of CO: by construction and demolition waste

- Coarse recycled aggregate derived from recycling construction and demolition waste can sequestrate CO: to densify its microstructure.
Adopting such technology can enhance the strength and impi the dir i stability of y concrete products.
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7 7 e ' - Recycled concrete fines derived from recycling construction and demolition waste can be converted to green nano-silica and
n N Purcell effect & enhanced fluorescent emission nano-calcium carbonate. These nano-construction materials can enhance the mechanical properties and durability of new concrete.
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Lab-in-Charge

Dr. Zhang, Shipeng

Assistant Professor

Email: shipeng.zhang@polyu.edu.hk
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Technical Staff

Miss Fung, Emily
Email: cekcfung@polyu.edu.hk
Tel: (852) 2766 6029

Address
Room ZN1101, The Hong Kong Polytechnic University

Opening Hours

Monday 8:45am — 12:30pm, 1:30pm — 5:45pm

Tuesday to Friday 8:45am — 12:30pm, 1:30pm — 5:30pm
(excluding Saturday, Sunday & public holidays)
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