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Model to predict temperatures in landfills
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combustion as potential sources of heat
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e Model results showing
Methods are needed to evaluate the suitability of ccumulation of heat with

ash for disposal and to parameterize landfill models MSW and ash
of heat accumulation [Hao et. al., 2020]




Ash contents and reactions

« Ash contains varying concentrations of calcium oxide (CaQ)
and calcium hydroxide Ca(OH), (~5 - 40%)

* Both CaO hydration and Ca(OH), carbonation are exothermic.

* Literature suggests hydration is fast; followed by slower
carbonation

CaO hydration reaction

k]

Carbonation reaction

k
CCL(OH)Z(S) + COZ(g)_)CGC03(S) + H20(|) AH = —1528 ]

kgCa(OH),




Research objectives

* Develop laboratory methods to measure the amount and rate of
heat release from ash hydration and carbonation

* Objective 1: Method development and validation for an
iIsothermal calorimeter: standard instrument, relatively simple

* Objective 2: Method development and validation for a
quasi—adiabatic flow reactor: closer to landfill relevant
conditions (abundance of gaseous CO,), more complex

* Objective 3: Apply methods to coal and MSW ash samples

* Objective 4: Landfill model simulations using the measured heat
release and rate of heat generation



Methods to measure heat generation

Hydration reaction Carbonation reaction




Objective 1

Method development and validation using an
isothermal calorimeter
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Isothermal calorimeter validation
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[ Heat Recovery Efficiency for TGA
[ |Heat Recovery Efficiency for XRD

Narode, Asmita, M. Pour-Ghaz, Joel J. Ducoste, and Morton A. Barlaz. 2021. “Measurement of Heat Release during
Hydration and Carbonation of Ash Disposed in Landfills Using an Isothermal Calorimeter.” Waste Management 124:
348-55

* Hydration recovery
between 79 and 90%

« Carbonation recovery
between 65 and 74%

» Hydration products
confirmed using TGA and
XRD

* |n case of carbonation,
additional reactions
occurring

» Takeaway:
* Use KHCO; in
calorimeter system and
include carbonation



Objective 2

Method development and validation for a
guasi—adiabatic flow reactor under landfill
relevant conditions
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Stainless steel sample box to hold the
sample

Insulated container (dewar flask) and for
insulation to reduce heat loss to the
environment

Three channels for gas flow and liquid

Two temperature sensors one in the center
and one outside



Stainless steel sample box

Reactor setup

Channels for gas, liquid, and Styrofoam /W
temperature sensor insulation ”@}m

Dewar flask

Data acquisition
device
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Reactor characterization for heat loss

* Reactor was characterized by supplying a known amount of electrical energy

* With a known amount of electrical energy, at steady state, the heat loss equals
the heat supplied which allows determination of « (heat loss coefficient). o< was
determined at five temperatures

* Rate of temperature decrease after power supply disconnect is used for
C (reactor thermal capapcity) calculation

Supplied voltage (V) Temperature at the time of power supply disconnect (K)

T Temperature increase (K) T
Coefficient of heat loss (J-K-"-hr-1)
VZ /
P=—=oxx AT In (T_O> — ok L Time (hr)
R T, C

/ l \ Coefficient of heat loss (J-K-"-hr-1) l .

Supplied power (W) Thermal capacity of reactor (J-K-")

Resistance of heating tape (Q) Temperature at time t (K)



Reactor characterization

* ¢ was computed to be 105 J-hri-K*(SD 6)
* Rate of fall of temperature yielded a C of 1200 J-K*
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Heat recovery efficiency (%)
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Reactor hydration validation

CaO Sample 1

CaO Sample 2

e CaO was tested for hydration

e Efficiency was 106 and 103%
for duplicate samples

e Efficiency was adjusted for
purity of samples using TGA

* We checked the conversion in
product samples



Carbonation: Ca(OH), ) + €O, =>CaC03 ) + H, 0,

* Tested Ca(OH), carbonation

*Two ways to validate the method
1. CO, uptake (direct measure)

2. Temperature measurements (other reactions may
contribute)
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CO, uptake

Gas in (LPM)*CO, conc. in (50%)

2 4 6 8

Time (hrs)

Gas out (LPM)=*CO, conc. out

* CO, uptake compared to
theory

e Efficiency 108 and 105% for
duplicate samples

* Efficiency was adjusted for
purity of Ca(OH),

* Product samples were verified
using TGA

10
Efficiency (%) = —<2*¢?_, 100

Theoretical




Objective 3

* Implementation of methods for a 6 coal and 6 MSW ash samples

* Samples from various locations across the country. They were
collected at different locations at a power plant or incinerator
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Hydration heat for ash samples

W Calorimeter m Reactor

Lilltmul

C1 C2 C3 ¢4 G C ML M2 M3 M4 M5 M6

* Calorimeter heat is higher in all
MSW ash samples and three coal
ash samples

* C6 heat is much higher in the
calorimeter

e Calorimeter has a lower
detection limit than reactor



Time for completion (days)

B
o

w
(9]

w
o

N
(92

N
o

[EY
(92}

[N
o

o

Time for hydration

W Calorimeter ™ Reactor * Time for MSW ash is longer
compared to coal ash (C6 is
an outlier)

e MSW ash has metal in it

which can go through
corrosion reaction when
exposed to water
* We tested potential for
I ‘ corrosion reaction
|. BL

¢4 ¢ C6 M1 M2 M3 M4 M5 M6
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Ash corrosion
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e Serum bottle experiments

e All MSW ash samples
produced hydrogen
suggesting that the slow
heat generation is from
metal corrosion

* Leads to rate constants that
represent multiple
reactions which is not how
the model was developed

3
2AI"+30H = Al, 05+ EHZ
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Carbonation for ash samples

* Heat is calculated from CO, uptake
with stoichiometry of Ca(OH),
carbonation

* We used CO, uptake because it is a
direct measurement.
* Calorimeter data not comparable
I because the calorimeter relies on a

temperature increase

 additional reactions (e.g., salt

dissolution)
C6 M1 M2 M3 M4 M5 M6

* Coal ash with hydrated lime
injection generated most heat (C3
and C6)



Comparison of calorimeter and reactor

* We began with hydration and carbonation, but other reactions are
contributing (e.g., salt dissolution, metal corrosion)

e Calorimeter is a standard instrument that measures hydration,
carbonation, and dissolution. However, it is an aerobic system and
landfills are anaerobic

* CO, uptake data from reactor gives carbonation but does not account
for other reactions. However, reactor is more complex

* |deal system would be a calorimeter operated under anaerobic
conditions



Objective 4

Landfill model simulation using the measured heat
generation for ash
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Rate calculations for model simulations

k'=0.194 hr?
RMSE = 0.06

1 2 3
Time (days)

¢ Data
-==Model

» Rate constant is estimated from
fitting the measured data to
pseudo first order reaction
models

« Heat generation data from
calorimeter used for hydration

» CO, uptake data used for
carbonation

Ash + H,0 — Products
r = k[Ash][H,0] = k'[Ash]

[Ash] = [Ash], x et
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Batch model simulations

20% ash mixed with MSW
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Conclusions and Implications

e Calorimeter system was developed and validated. ¥85% heat was
recovered during hydration and ~70% was recovered for carbonation

* Reactor system was developed and validated. 104% heat was
recovered during hydration and 106% CO, was recovered during
carbonation

e Both methods have limitations

* The ideal system to measure all heat sources and sinks is a
calorimeter operated under conditions that would allow anaerobic
reactions to occur

* Both methods helped measure the heat generation for multiple coal
and MSW ash samples

* Heat generation is sample specific, cannot generalize



Conclusions and Implications

e Batch model simulations helped understand the contribution of ash
to landfill temperatures

* This work contributed to an improved understanding of heat
generation potential and rates from ash disposed in landfills

 Landfill owners and operators can use the developed methods along
with a landfill heat accumulation model to estimate the suitable mass
of ash that can be safely disposed without excessive heat generation
* User-friendly model under development in ongoing EREF-funded work
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