Controlled Fabrication of Mesoporous Electrodes with Unprecedented Stability for Water

Capacitive Deionization Under Harsh Conditions in Large Size Cells

Manar M. Taha, Soha E. Anwar:,, Mohamed Ramadan, Hazem M. Al-Bulqini, Muhammed S.
and Nageh K. Allam*

Energy Materials Laboratory, School of Sciences and Engineering, The American University in Cairo, New

Abstract Methodology To prove the electrode oxidation resistance “EOR”, the EDX analysis was

used to calculate carbon and nitrogen content before and after the
stability tests. The result reveals that oxygen after the stability test is
increased by ~ 25%. Additionally, in a parallel conjugated analysis
confirmed the same ratio, where the oxygen distribution at the surface of
the positive electrode is apparent. The master prove was the PZC which

slightly relocated from the original position
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Capacitive deionization (CDI) is a feasible low-cost desalination
technique for low-to-medium (brackish) salinity water. However,

cycling stability and regeneration of the CDI electrodes are the
bottlenecks hindering the practical application of the technology on The FESEM results revealed that upon

large scale. Herein, we demonstrated the ability to design and fabricate =~ MHC¢I€asiiiy the pyrolysis temperature, the
exceptionally stable CDI electrodes via a one-pot pyrolysis protocol. The 1nterconpected netwmjk l?ecomes more
optimized pyrolysis of nitrogen. Moreover, the electrodes exhibited  spongy in nature, which is favorable to

The produced interconnected channels at all 18 - ———
pyrolysis temperatures, as shown in Fig. 2. " o~ NDG#10
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high specific capacitance and dual meso/microporous structures with e 50.4: O 20 O 20

high salt adsorption capacity (SAC), reaching 26.5 mg. g in a single- 3 02 L ol Al P P

pass desalination mode. Moreover, the electrodes exhibited exceptional - - mjmﬂ | LH Mhl © o = 9 S
desalination  stability = performance over 150  successive S 08 10 12 14 16 13 B O Ol 0 88 - 80 SR00 229 2407108 i =@ 43 00 Bl SUD 30 940000
charging/discharging cycles with 100 and 90 % retention in aerated and bl LAy No. of cycles No. of cycles

—— ol ‘ Fig. 4. a, b) Salt adsorption capacity (SAC) and a, d) average salt . o ,
SEM images of the hierarchical ad{(s;o;:)tion )rate (AS ARI)) of the Fabric}:fagce d 1\?DC and KC cle c%r odes Fig. 6. Charge. efficiency of the NCDs and AC electrodes in a) deaerated and b) aerated feeds

e . morphology of the as-prepared nitrogen-doped carbon at different apolied voltaces in deaerated and aerated feeds solution.
IntrOdHCtlon at different pyrolysis temperatures: a,b) NDC-700, c,d) resp;ctively PREEE YOTESER ’ .
Conclusion

deaerated solutions respectively, under harsh 1.4 V as the charging g5 5 Typical FE
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Given the current iIncreasing population, global warming, ] ] : : .1

industrialization, and contamination of the available natural resources, Desalination performance {))euerrllngs;[hr?i flizgr%thYCI;E;gn :;sgglt}zo;};iaﬁfcv\}z;’?ﬁ In summary, micro/mesoporous nitrogen-doped carbon (NDC) materials
the urgent need for potable water is, indeed, a critical concern that is > 4 with channel structure were successtully fabricated via simple pyrolysis of
considered the main global challenge of the 215t century. To this end, In a single pass mode, the NDC-700, NDC- EDTA under controlled temperature. The structure provides numerous
the water crisis can be avoided by utilizing the available brackish water 750, and NDC-800 was observed at active sites E}Hd facilitates ion . difﬁ}sion, The fabricated EESOPOIETE
that can be desalinated using energy-efficient techniques. capacitive different applied voltages (from 0.8 to 1.8 V) carbon materials have an excessive nitrogen content up to 9 at%, which
deionization (CDI) has recently evolved and emerged as energy- and a constant flow rate of 32 mL.min™* Sh?lﬂd. improve the Wettabiolity, conductivity, flﬂd inhi‘pit carbpn
efficient desalination technology for brackish water with low-to- Preferentially, the NDC-800 -electrode 0X1d§1t.10n- M(?reover, the multl—pf)rous NDC materials ?{ihlblted a l}lgh
medium salinity. CDI functioning mechanism relies on the formation of  exhibited the highest electrosorption specific capacitance of 449 F.g™* with excellent rate capability and stability

~100% stable retention for all NDC electrodes
till 150 desalination cycles in aerated and
deaerated feeds, Fig. 5. However, the electrodes
reveal a high and stable charge efficiencies
during the long-term stability and high among
all traditional CDI. The charge efficiency one the
important matrix.

an electrical double layer at the electrode/solution interface upon capacity and ASAR of 26.5, 33.2 mg.g* and over 1000.repeate§1.CVs, indicating high electrode oxidatior} re.sistance
applying a trivial constant voltage (from 1-2 V). This small voltage adds 0.9 and 1.1 mggimin?! at 1.8 V for anq SUpeErior Stablht}’ perforn}ance. The NDC-based desalination {3611
a significant advantage to save the CDI operational cost and facilitates deaerated and aerated solution, which can delivered salt adsorption capacity as high as 26.5 mg.g™ and outstanding
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features due to the ease of the electrode regeneration. Once the size, electrical conductivity, and specific ~100% retention in the deaerajced solutlon.and a small decline of about. 10 % 1n
capacitor is short-circuited, ions are desorbed out of the porous capacitance. NDC-700 the aerated feed. This outstanding performance and the in-depth
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and NDC-800 was observed at different applied
voltages (from 0.8 to 1.8 V) and a constant flow

rate of 32 mL.min"! Preferentially, the NDC-800
electrode exhibited the highest electrosorption

However, the electrodes reveal a high and stable
charge efficiencies during the long-term stability and
high among all traditional CDI. The charge efficiency

efficient techniques. capacitive deionization (CDI) has recently evolved and
emerged as energy- efficient desalination technology for brackish water with
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