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Introduction- Research Rational

Activated carbon used in Adsorption system is not manufactured
specifically for that application

Having a model to guide the selection and manufacturing of AC leads to:
* A reduction in the amount of experimental studies required.

* A significant increase in COP of 30 %
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Introduction- Research Objectives T DRSS E ARk

* To relate isotherm shape with material specification
* To manufacture samples of Activated Carbon from raw materials

* To test manufactured and commercially obtained samples
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Research Methodology

Definition of adsorbent models [ WA RW I C I<

x0 = [0:Ax:1] k= [0:Ak:40] n = [0:An:6] THE UNIVERSITY OF WARWICK
(Example of mcrements: Ax=0.01 Ak=0.01 An=0.01)

Selection of an application
(lce making, Anr Conditioning, |- 1 or Thermal Energy Storage)

<L Stage 1
Definition of driving temperature

Selection of a Refrigerant
. R723, R718, Methanol, Ethanol, CO2 (R744))

Selection of optimization parameter (. or COP)
And generation of best Performance map Stage 2
(AX (n, k, X0), 1) K ESD(n, k, X0), SC(n, k, X0) or

=

Selection of a activated carbon best model (xo, k, n) from the
Performance map And generation of material specification
(Ve Sg @, , micro-pores size distribution)

Stage 3

Final activated carbon best model (xo, k, n)
And final matenal specification Final outputs
(vy. S, @, , micro-pores size distribution)



Research Methodology

0.5 T T T T T

Definition of adsorbent models
x0 = [0:Ax:1] k= [0:AK:40] n = [0:An:6] 0.45
(Example of mcrements: Ax=0.01 Ak=0.01 An=0.01)
04r =

Selection of an application
(lce making, A Conditioning, |- 1 or Thermal Energy Storage)

< b Stlge 1
Definition of driving temperature
Selection of a Refrigerant :

', R723, R718, Methanol, Ethanol, CO2 (R744))

0.25

Selection of optimization parameter (/' or COP) 0.2

And generation of best Performance map S@yge 2

(AX (n, k, X0), (1o G0y ESDEn, k, X0), SC(n, k, Xo) or 0.15

Selection of a activated carbon best model (xo, k, n) from the
Performance map And generation of material specification
vy, Sg @, , micro-pores size distribution)

0.1

Concentration variation DeltaX (kg/kg)

0.05

Final activated carbon best model (xo0, k, n)
And final material specification Final outputs
(v S, @, , micro-pores size distribution)

Dubinin Coefficient n



dVs/dd (cm>/g.nm)

Research Methodology

Definition of adsorbent models
x0 = [0:Ax:1] k=[0:Ak:40] n= [0:An:6]
(Example of mcrements: Ax=0.01 Ak=0.01 An=0.01)

Selection of an application
(Ice making, Aw Conditioning, |- 1 or Thermal Energy Storage)

<=

Definition of driving temperature

Selection of a Refrigerant
. R723, R718, Methanol, Ethanol, CO2 (R744))

Selection of optimization parameter (/' or COP)
And generation of best Performance map

ESD{(n, k, X0), SC(n, k, X0) or

(AX (n, k, X0), [

2~
CHP-0.4-5-1.4: COPopt=1.65, SH=597 kl/kg, $o =0.80 nm, 4=0.85 nm, Smicro =1464 mzjg
18k === CHP-04-10-1.7: COPopt=1.71, SH=681 kJikg, b0 =0.89 nm, A=0,80 nm, Smicro =1312 mzlg
' CHP-0.4-15-2.2: COPopt=1.72, SH=T82 kJikg, $0 =0.76 nm, A=0.87 nm, Smicro =1543 mZ/g
T CHP-0.4-20-2.3: COPopt=1.73, SH=806 kJikg, $o =0.80 nm, A=0.85 nm, Smicro =1470 mzlg
161 — CHP-0.4-25-2.5: COPopt=1.73, SH=840 kJikg, ¢o =0.78 nm, A=0.86 nm, Smicro =1510 mzlg
CHP-0.4-30-2.7: COPopt=1.74, SH=865 kJ/kg, ¢o =0.74 nm, A=0.88 nm, Smicro =1581 mz/g
= CHP-0.4-35-2.9: COPopt=1.74, SH=887 kJ/kg, $o =0.71 nm, A=0.90 nm, Smicro =1652 mzlg
14 — CHP-0.4-40-2.9: COPopt=1.73, SH=885 kJikg, $o =0.74 nm, A=0.88 nm, Smicro =1581 mzlg
12
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Micropore diameter (nm)

Final outputs
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Research Status Overview T UNVERST B WARAIER

* Rubotherm experiments mainly to obtain adsorption isotherm

* ASAP 2020Porosimeter experiments mainly to obtain micropore size
distribution and BET/ Dubinin surface area

* Looked into possible models that can be applied to analyse adsorbent
isotherms.



Research status-Rubotherm

* Analyzed Carbon 208 C
on Rubotherm

* Results had to be
analyzed further
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Research status- Rubotherm Results
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Research status- Rubotherm Results cont.

0.5 T T T T T T T
X=Xo*exp (-K(T/Tsat-1)") WA RW | C |<
0.45 | * From literature T THE UNIVERSITY OF WARWICK
0.4 - N
0.35 ]

o
w

0.25

o
N

0.15

Refrigerant concentration (kg/kg)

X k n mse MSE from lit.[*]
0.3063 -4.4577  1.1320  ©0.0000 ©0.0060  0.0069

*Tamainot-Telto, Z., Metcalf, S., Critoph, R., Zhong, Y. and Thorpe, R., 2009. Carbon—ammonia pairs for adsorption refrigeration applications: ice making, air conditioning
and heat pumping. International Journal of Refrigeration, 32(6), pp.1212-1229.



Research status- Porosimeter

* Analyzed Carbon 208 C
on ASAP 2020

® Machine has inbuilt
functions to analyze
nitrogen isotherm
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1.Electric heating blanket
2.Sample holder

3. Degas port

4.Cold traps

5.Sample port

6. Sample holder

7. container elevator

8. Nitrogen Container

= 9. Cold trap container




Research status- Porosimeter results
DA method PSD of Carbon 208C
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Conclusion THE UNIVERSITY OF WARWICK

* Developing AC for a specific application leads to a significant
improvement in the COP

* Characterization of samples using porosimeter and Rubotherm

* Testing and analyzing samples will be the main force pushing the
research further
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Thanks for Listening !!

Email Address: Ahmed.Abdalla@warwick.ac.uk
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