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Challenge 1- Greenhouse gas

CO, is the largest contributor to greenhouse gases, and coal-fired power plants(CFPP)
are the largest source of CO, emissions.

Geological 60, offshore, and oceanic
storage

Carbonation Natural mineral processes: slow
storage  reaction, even for thousands of years

Conversion and utilization Storage ﬂ /
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Challenge 2- Heavy metals pollution

Steel Other
Hg 5% 4%

H Coal

B Nonf. M.

m Steel
B Other

" M The total amount of Hg emitted into the atmosphere by human activities worldwide was
approximately 2500 £ 500tons

B The emissions of Hg, As, Cd, Cr, etc. from coal-fired flue gas account for over 50% of
China's atmospheric emissions

B Hg and other heavy metals in flue gas transport over long distances and spread over a
. larger area / @
N e e e e - 3/28

ICMGP 2024 W W W.MERCURYCAPETOWN.COM

e ————




|

GEXTTEL

Qt‘crw:rao*’él NORTH CHINA ELECTRIC POWER UNIVERSITY

Online modified fly ash and adsorption heavy metals in CFPP
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" ® Developed the first set of mechanochemical modified

ooooo

equipment, achieved demonstrations in 300MW supercritical
(2015) and 1000MW ultra supercritical (2017) CFPP

B Comprehensive removal efficiency over 90%, and the cost is

—— - —

only 15-20% of the activated carbon adsorption mercury
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. removal technology
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Distribution of heavy metals in CFPP
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Air preheater
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Fly ash
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Pb : 98.49% Pb : 1.43% Pb : 0.00%
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Fly ash + COz carbonation and heavy metals stabilization
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Main elements in fly ash
T s s
CaO (%) 25.83 11.74 10.51 16.22
AN ONGZY) 890 19.57 32.13 18.78
INONCAM 673 725 9.64 897
OGO 217 084 1.14 111

Carbonation

Si0O, (%) 4337 46.60 34.69 41.46

Higher More
diffusion coefficient fresh reaction surface

_ CaO, MgO

Fly a

Supercritical CO2

Critical point \

(7.38 MPa. 31 °C)
hree phase point

Liquid state

Pressure

Solid state

Gas state

Temperature Low viscosity and tension

Carbonation

Natural processes:
slow reaction time

.

Technical ideas:
fast reaction time

Reduce heavy metal

release to environment
/

4 _ Carbonated layer

Supercritical CO, coupled with mechanical force to enhance fly ash carbonation @ 5 s
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Mechanochemical technical route for CFPP

Boiler ESP

| C O, #==| Separate, compress | s /), =

E l Supereritical COz i
i “Broken fly ash == - i — Storage
I Ball mlllm% #,_“.' é
I. Broke ' o2 *-I‘ i
I : Landfill or
iL _____________________________________________________ _Jl— Q‘Q secondary utilization
S-CO, coupled with mechanical force to enhance fly ash carbonation reaction Q
7/28

ICMGP 2024 W W W.MERCURYCAPETOWN.COM




LT TR~

NORTH CHINA ELECTRIC POWER UNIVERSITY

Experimental methods in lab

1: speed control; 2: temperature control; 3: heating control; 4: operation panel; 5: exhaust valve;
6: stirring motor; 7: heating jacket; 8: stirrer; 9: thermocouple; 10: pressure gauge; 11: intake valve;
12: booster pump; 13: compressed air; 14: CO, gas source

s-CO, carbonation reaction system

e B
Samples Extraction Inversion oscillation Suction filtration Measurement
TCLP standard leaching method - Heavy metal toxic leaching @ /
8 /28
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Mechanical force enhance carbonation
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Fly ash
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o [z

Raw ashes

Dry milling modified

Wet milling modified

Mechanical force enhance the carbonation characteristics, compared with dry milling, wet milling has a more good

performance
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Carbonation characteristics in transcritical processes

In order to eliminate the influence of other substances of fly ash, dry and wet carbonation experiments were
carried out with CaO

5.0
45 NI IS DEODN NN
X B
S 40 5 o ~ Supercritical CO;
.2 g LlC[IlldStatE s
é A DN NI
o> . Critical point
= g Solid state (7.38 MPa. 31 °C)
] .
2 hree phase point
& Gas state
O 25

Temperature
2.0
3 4 5 6 7173 8
Pressure (MPa)

Dry carbonation

As the pressure increases, the carbonation efficiency of the process is divided into two stages: first a slow

increase, then a rapid increase during transcritical @
10 /28
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Carbonation characteristics 1n transcritical processes
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Wet carbonation

B As the pressure increases, the efficiency of the process changes in three stages, first a slow increase, then a

fastest increase, and finally another fast increase
@ 11 /28
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B Supercritical can effectively improve carbonation efficiency

ICMGP 2024




Surface morphology of CaO
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Carbonation

Block CaO

100 um

5000 magnification

100 pm

12 /28

WWW.MERCURYCAPETOWN.COM




Mineral analysis

After carbonation, the intensity of the CaCO3 peak increases, the CaO peak decreases,

ICMGP 2024

Intensity

3
3 3 Raw CaO
3 3 Powder
~AA -
1 L 1 L 1 L 1
20 40 60 80

2 Theta (Degree)

especially under s-CO2 conditions
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Different fly ash carbonation
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Carbonation efficiency(%)

(3]
(=)

w

Pressure (MPa)

oo}

| YN | HB | SX | SD_

A 0168 932 1947 1071

area(m-/g)
rore 0.082  0.023 0.094 0.025
volume(mm>/g)

INTSLE O 1520 10.024  19.25 9.40
ALO, (%) 890  19.57 32.13 13.33
Ca0 (%) 2583 1174 10.51 6.03
Fe,0, (%) 673 725 9.64 5.69
K,O (%) 0.54 262 222 14.64
MgO (%) 217 084 114 024
Na,0 (%) 0.12 227 038 1.12
P,0. (%) 002 053 215 ND
Si0, (%) 4337  46.60 34.69 68.75
TiO, (%) 039 082 1.0 1.08
SO, (%) 112 054  0.68 0.02
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Surface morphology of fly ash

EHT= 10:00 kv Signal A= InLens Date: 14 Dec 2020 Date: 14 Dec 2020
wo= 42mm Meg= 10.00KX Time: 140317 Mag= 1000KX Time: 14:09:37

b Signal A= InLens Date: 14 Dec 2020
- W= 40 mm Mag= 1000 KX Time: 143707

Vs

EHT = 10.00 kV Signal A= InLens Date: 14 Dec 2020 x|
— Wo= €0 mm Mag= 100.00KX  Time: 143427

o EHT = 10.00 kV Signal A = nLens Dete: 14 Dec 2020 m—
WD'= 40 mm Mag= 10000KX  Time: 141514

00 EHT = 10.00 kv Signal A= InLens Date: 14 Dec 2020 ——
— Wo= 42 mm Mag= 10000KX  Time: 140248

Raw ash Low pressure carbonation s-CO, carbonation
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Fly ash mineral analysis

I T
111 Supercritical 1-CaCO3
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2,3 : 4-Si0,
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B After carbonation, the intensity of the CaCO3 peak increases, the CaO peak decreases, and the Ca(OH)2 peak
disappears, especially under s-CO2 conditions

B CO2 may react with heavy metal oxides in the fly ash to generate corresponding carbonates or basic carbonates

Q 16 /28
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Stabilization of heavy metals in fly ash

0.6
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Compared with the raw ash, Hg leaching concentration decreased by 47.06%, Pb by 38.65%, Cd by 31.66%,

and As by 4.91% under supercritical conditions. @ 17 /28
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Analysis of speciation

BCR extraction WELS SIS, Natural water leaching
form (L0)

. Weak acid
Effective form extractable — Acid rain
form (L1)
Five form of Reduc(ill?;g {2
distributions Redox reaction
biodegradation
Oxidable form
Residue form (L3)
(L4)
Strong environmental stability ﬂ
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Analysis of speciation
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Concentration distribution of heavy metals (L0-L4)%

80 H

100

60 H

40

20 R

°
LO g
L1 2
L2 Sh

L3 5 80n
[ Ju4 £
>
2

2 60 H
G
(=}
&
=

2 40 A
Z
5

E 20
5
g

1 1 1 1 1 L 1 1 1 © 0 1 1 1 1 1 1 1 1
Ctu Zn Ni Cr Cd Pb Hg As Cu Zn Ni Cr Cd Pb Hg As

Before carbonation After carbonation

Distribution of different heavy metal form

After carbonation, most heavy metal stability is improved except Hg and As.
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o . . (r = L) V2
Risk assessment code(RAC) criteria © $”*”+f

The percentage of the water-and acid-soluble form in the total amount(RAC)

o o ® o

Non-hazardous Low hazardous = Medium hazardous  High hazardous Very high hazardous

0-1% 1-10% 10-30% 30-50% > 50%

ﬂ 20 /28
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RAC assessment
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60
t Very high risk
50 -

40 - High risk

RAC (%)
3

20 - Medium risk

®  Raw fly ash
® Carbonated fly ash

10 -
L Low risk
or ¢ .
Cu /n

1 L L 1 L
N1 Cr Cd Pb Hg As

RAC:s of heavy metals in fly ash

B The RACs of most heavy metal of the carbonated fly ash decrease.

B Generally, mechanochemical is good for heavy metal stabilization.
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Heavy metals leaching characteristics of carbonated fly ash
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B [n most case, leaching concentration decrease with pressure increase.

B Some heavy metal leaching concentration increase in super-critical situation.

ICMGP 2024

@ 22 /28

WWW.MERCURYCAPETOWN.COM




~$kiﬂ+”

NORTH CHINA ELECTRIC POWER UNIVERSITY

Effect of carbonation on heavy metals

Influences on leaching in the transition from non-supercritical to supercritical

ECTEICICIGIEY |
Adsorption precipitation E‘
Chemical reaction l l 1 - - - $ ?;
Physical encapsulation | l 1 1 l l %
Speciation transformation ! ) - -1 - -1 7
Pressure
o
Ll —4—YN
ul The solubility of s-CO, in water
= increase, leading to the system
ol pH decrease, some heavy metals
ol will dissolve again.

0 2 4 6 8
Pressure (MPa)

One trend is gradual enhancement of stability, the other trend is initial increase then decrease. @
23 /28
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Pilot test (1 t/d)
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Pilot test platform @ 24 /28
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Carbonation characteristics
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In the pilot experiment, its carbonation efficiency can reach 81.3%. Compared with the laboratory experiment,
there are great different for its carbonation under different pressure.

ICMGP 2024
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Heavy metal leaching
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Compared with the laboratory experiment, there are also great different for its heavy metal leaching

under different pressure.
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Conclusions

B Developed a mechanochemical modified fly ash carbonation and stabilize heavy

metals technology

B Generally, mechanical force and supercritical conditions can effectively promote

carbonation and stabilize heavy metals

B The stability of heavy metals in fly ash is influenced by multiple mechanisms,

and its exhibits different characteristics under different conditions

@ 27/28
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