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Overview

a Current problem in this field

0 Summary of ongoing funded project
O Progress so far

a Outcomes

0 Way Forward
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Production of cement — problem & solution

O  The cement industry continues to have a large impact on industrial development.

0  Cement production are responsible for the CO, emission worldwide (5-8%).

O  Example: Ordinary Portland Cement (OPC)

5CaC0O3+ 2Si02 — (3Ca0,Si02)(2Ca0,Si02) +

co,

\ Rotan'ng kiln 4 400C+

Ground 'imesm\q i
+clay l l .

i_\> Clinker
g

> Solution:
v Geopolymer technology
> No heat requirement
> Cost effective
> Reducing CO, emissions
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Project summary

Consett steel works slag
deposits (CaO and SiO,
rich)

O  Project name: Mevocrete 1

Ravenscraig Slag Heaps
(Ca0o, FeO and SiO,

O  Funding body : Innovate UK rich),

Teeside slag deposits
(Cao, Si0,and FeOrich),

I
Wortley, Sheffield (FeO
and SiO, rich)
0  Partners : 10 Industrial partners + TU e ——
Liwyn Du (FeO and SiO,
rich, some samples MnO

Scunthorpe steel works
slag deposits (CaO and

rich) 3N SiO,rich)
D Total Fund : £7.6 M Iron&Steel WO s \ ‘(‘
® Slag Present (
® No Slag Present (47)
O  Project duration : 2 Years wonslons Peposts
. . L. Port talbot slag deposits
o  Aim: up-scaled on-site facility for (a0 amd S0zt
qeopo_lvmer cement production from e e | ¥ <
historical steel slag waste (85% lower g
CO, emissions of OPC - Ordinary G\/?;,»' 0 75 150 300 km
® T T Y N T N |

Portland Cement).
Availability of Steel slag in the UK
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Overall

plan

600 kg slag/ ton of steel

v Selected materials

v Alkaline solution:
silicate & hydroxide

v Strength and
durability properties
v

~
~
~

Geopolymer

)

Raw
materials
+
alkaline

activator
Geopolymer

cement

Metal Recovery

|

CO2 sequestration
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v Geopolymer: Al, Si

Seleﬁteddsamples _wX CO, sequestration: Ca, Mg
Characterisation of s o ﬁs'cme?'r(‘o -
raw materials geopoynt 2
sequestration/heavy
metal aspects
v v Injection of water and
v carbon dioxide
- - -
Production of 5| Geopolymer cement -
geopolymer cement curing
v
Chemical and soo
- . CO, absorption in .
physical properties of |—> contitie Mate r|a|
concrete
Evolution
— . .
Innovation
Drying/Grinding
Geopolymer cement geopolymer cement to
powder form

Verified
= :>Carbon
Unit
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Fundamental info about steel slags

Sample ID

Blast Furnace Slag (BFS)

Electric Arc Furnace Slag (EAF)
Basic Oxygen Furnace Slag (BOF)
Ladle Furnace (LF) Slag

Stainless Steel Slag

Converter Slag
Granulated Blast Furnace Slag (GBFS)
Steel Slag Aggregates

Steel Slag Fines
Slag Wool

_ MCOZ %Ca0 %MgO
feoz = 709 (MCaO * My go o

Ironmaking processes

Pellets/fluxes Limestone

AAANS

Ironores Coke Pulverized
coal

Blast furnace l

(BF)

LN

Blast-
furnace

Air-cooled blast-furnace slag
Expanded blast-furnace slag
Pelletized blast-furnace slag
Granulated blast-furnace slag

i Stetlmaking processes
i

Fluxes Scraps Ferroalloys  Steel scrap Fluxes

_’_)\‘loh‘nlron A A A A

Electric-arc l

furnace

(EAF) (— L

: Basic-oxygen

furnace
: (BOF)
J
BOl- slag
——3 Molten iron

[En

Molten steel

Alloys
Ladle

C : furr
Refined molten steel € Ladle slag

Continuous casting

: o L bko"ms

: Billets Blooms Slabs
Main pr oducts

Fig.1 Iron and Steel Making Processes and Steel Slag Types (Yildirim and Prezzi, 2011).

Slag Type
/Components

BOFs 45-60
EAFS 30-50
LS 30-60

10-15 1-5
11-20
2-35

10-18 5-6
5-35 —

7-20
8-22
0-15

3-13 2-6
8-13
1-10

Table 1. Chemical Composition of Steel Slags (Cheng et al, 2012 and Shi, 2004)
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Current State of steel slag wastes

» The global production of steelmaking slag is estimated to be in the order of
170 million to 250 million tonnes per annum.

» Low quality GGBS, BOS (Basic Oxygen Furnace) etc.) and much of it ends up in

lagoons, slag piles or landfill. It is estimated that there are 190million tonnes of
legacy slag in the UK alone.

» PFA (Pulverised Fuel Ash) and only high-quality GGBS (Ground Granulated
Blast-furnace Slag) can be used in the production of hybrid cement (OPC mixed
with slag) and geopolymers (slag mixed with alkaline activators),

» A CO2 sequestration capacity of 0.27 to 0.43 kg CO2 per kilogram of slag stored
as a mineral carbonate is achievable
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What is Geopolymer technology/ feedstock and requirement

O  Geopolymers are essentially a family of alumino-silicate materials.

O  Geopolymers make it possible to produce ceramic-like materials without the
need for high-temperature techniques as a replacement material for cement.

O  Waste materials like steel slag, fly ash,... - as replacement material for the
production of cement.

mm .K;«;uf é

Dissolution \ucleatlon ~

Fly ash; Metakaolin; Silica and alumma species Aluminosilicate ollgomers
Silica fume; Slag (SVAlI=1)

Oligomerization l

Geopolymer cement/ )
concrete Geopolymer paste Poly(Sialate) framework
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Laboratory work — methods

Quantitative analysis (indicating CO, sequestration)

Qualitative analysis
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Carbonation setup for CO2 sequestration!

Mixing the steel slag waste with water in the presence of CO,
Analysing the effects of different conditions (Temperature, pressure, particle size, and etc)
v Optimal condition for maximising CO, sequestration —_

he 25

Pressure cell {Temperature

Pressure
‘ Steel slag particles

CO, bubbles

»

Water

\_ J

CO2 circulation

https://www.cemnet.com/Articles/story/175525/geopolymer-cements-to-address-the-ghg-challenge.html

(httos://www.iom?3 pro/rncmlrm/hnlding the-fort-the-potential-for-mineral-carbonation.html)
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Main outcomes

O  Quantitative analysis

Temperature (°C)
c: GGBS (TGA results)

350
oo
£ Lol ®20+2°C
= B860+2°C
g 250 + B 90+2°C
E 200 .
e Calcimeter
O 150 |
=1
o
S oy results
o
=z 50
o L mm B
GGBS
a: CaCOj; (Calcimeter results)
350
. ®20+2°C Ls €O, sequestration (%)
= 300 B60+2°C 2022°C 2772
< m=90+2°C s0i2C 2558
S 250 | -
g - 9042°C 29.90
= GGBS | CO, sequestration (%)
= 200 o
@ 20:2°C 345 -
S ol = Calcimeter
8 N [ 90+2°C 1321
Gt
2 results
50
° i [ @ ]
GGBS Ladle Slag
b: CO, sequestration (Calcimeter results)
110 4
100 ——mm_—— ]
=\° ! !
PR ; ;
= .
Q 50 | GGBS | CO, sequestration (%) TG A results
= 2042°C 333 —GGBS-raw
6012°C 7.37 —20x2°C
0 2042°C 11.51 —60+2°C
—90+2°C
60
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Qualitative analysis

1 2 3 4 5
150 = " 4 days of CO, cured_60+2°C A
= - 72 days of CO, cured_60+2°C
s
@ 100
2 4 days of CO, cured_20+2°C
E 2 days of CO, cured_20+2°C
@ 50
=
b 2=
— LS before CO, injection
o I =
x 2% 3%
(=] = o » ©
T T y T T
4000 3500 3000 2500 2000 1500 1000
Wavenumber (cm™)
b: LS (FT-IR results)
c
|
- A A A A
3 B8 O le € E F C
> l 4 days of CO, cured_60£2°C
‘B
i = " R
= 2 days of CO, cured 60+2°C
= t3 .
S WL L D 2 e it
' 4 days of CO, cured_20+2°C
A TR o 2 days of CO, cured_2042°C
LS before CO, injection
T T v T T T T T T
10 20 30 40 50 60 70 80 g0

2 theta (degree)
d. LS (XRD results)
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Carbonate layer
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SEM results
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Proposed mechanism of the carbonation process for geopolymer cement

COR Rl

Carbon dioxide Water and Carbon dioxide Carbonic acid

—g— e g—
P

Carbonate mineral Biocarbonate

CaCOq
MgCO,

FeCO,
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Early stage , LCA — OP - Cement

]
Portland Cement

O Assembly
0 Life cycle
@ Disposal scenario
[ Disassembly
O Reuse J
O Material : ! L]
O Energy 50 kg 546 M) n7Im 0.248 M)
Gypsum, mineral Electricity, high Electricity, high Electricity, high
O Transport {RoW}| gypsum voltage {RoW}| voltage {RoW}| voltage {RoW}|
O Processing quarry operation | electricity electricity electricity
o Use 0.114 kg 151 kg 28.9 kg - 0.039%4 kg | |
O Waste scenario
O Waste treatment
1p 693 MJ 3.23E3 MJ 693 MJ
Blended Mix Heat, district or Heat, district or Heat, district or
industrial, other industrial, other industrial, natural
than natural gas than natural gas gas {RoW}| heat
221 ki 64.7 kg 1458 kg 44.6 kg
141E3 kg [] 139kg kg [ ] 15kg [] 43 M) []
Limestone, crushed, Aluminium oxide, Silica sand {RoW}| Iron ore, crude ore, Electricity, high
washed {RoW}| non-metallurgical production | APOS, 63% Fe {IN}| iron ore| voltage {RoW}|
production | APOS, {UN-OCEANIA} 5 mine operation, 63% electricity
3.81 kg 133 kg 1.12 kg 0337 kg 8.87 kg
acultv Tees 001 9.4.0.3 Facultv
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Early stage - LCA — GP Concert

p
345 Concrete
O Assembly
0O Life cycle 61.1 kg
@ Disposal scenario
0O Disassembly
O Reuse
O Material
O Energy
O Transport
O Processing
O Use
O Waste scenario
O Waste treatment 1p 243 kg 89kg 89 kg 1p 576 kg
GGBS_ Cement, portland Sodium silicate, Sodium hydroxide, 345 Aggregate Tap water {Europe
fly ash cement spray powder, 80% without water, in without
21-35% {RoWj| {Rowj}| production | 50% solution state Switzerland}| tap
17.8 kg 14.3 kg 128 kg 10.2 kg 5.88 kg 0.135 kg
201 kg 729 kg 729 kg
Ground granulated Gravel, crushed Rock crushing
blast furnace slag {Row}| production | {Rowj}| processing |
{Row}| production | APOS, S APOS, S
178 kg 5.52 kg 0.361 kg
aculty Tees 001 9.4.0.3 Faculty
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Way Forward

O  Using steel slag waste materials for CO, sequestration / Demonstration plant
with 96 t/day by 2025

O Optimal conditions for maximizing CO, capture ( Mineral mix + curing
conditions )

O  Capturing 300-400kg of CO, per tonne of steel slag ( Required sophisticated
technique to reach to this ideal CO2 capture and storage )
v Quantitative analysis: Calcimeter, TGA
v Qualitative analysis: SEM, FT-IR, XRD
v Stress-strain for innovated Geopolymer ( with steel slags )

Product Accreditation by British Standard for Final product
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