
The Role of Electrolyte’s Organic Additives in Zinc-Air Batteries

Hamed Pourzolfaghar*1, Soraya Hosseini1, Marziyeh Alinejad2


1Department of Chemical Engineering, National Chung Cheng University, Min-Hsiung, Chiayi 62102, Taiwan
2Centre for Ionics, University of Malaya, Department of Physics, Faculty of Science, University of Malaya, 50603, Kuala Lumpur, Malaysia
* Corresponding author E-mail: h_pourzolfaghar@yahoo.com


Abstract
Rechargeable zinc air batteries (ZABs) suffer from the low charge/discharge cycle life of electrodes. The main reasons for this issue are dendrite formation, hydrogen evolution reactions, and self-dissolution. Nevertheless, generally, ineffective electrolytes are the key reasons responsible for the reduced performance of ZABs. Addition of the organic additives to the electrolyte is one of the state-of-the-art and cost-effective solutions to develop an appropriate rechargeable ZABs able to be promoted towards commercial application. In this mini review, some of the most important organic additives have been reviewed and their functions in the zinc air batteries have been investigated. 

Keywords
Electrolyte, Organic Additives, Zinc-Air Batteries

Introduction
Zinc air batteries (ZABs) indicated a successful rechargeable battery but commercialization of the ZABs encounters challenges concerning such unsolved issues as the dendrite, the shape change, and the zinc oxide layer [1]. ZABs are already launched in the market in form of coin-cell (hearing device) [2]. To overcome such issues, many researches have been performed [3]. These challenges can be categorized into four main areas of these batteries: the electrolyte, the anode, the cathode, and the separator. Dendrite formation, electrode deformation, limited cycle life, and hydrogen evolution reaction (HER) are the drawbacks originates from the application of aqueous electrolytes [4]. Application of additives in the electrolytes results in control of zinc dissolution and zincate ion formation, smoother mass transfer, lower dendrite formation by blocking the active sites, and controlled Zn deposition on the anode surface. Low-cost electrolyte additives with high efficiencies are desirable for application in Zn-based batteries. Additives mainly fall into three categories of 1) organic additives [5], 2) inorganic additives [6], and 3) hybrid additives [7]. In the following, we will present an overview of the applied organic components as additives as well as their functions in the electrolytes of ZABs.

Organic additives 
Generally, the organic additives are used in ZABs to reduce the dendrite formation on the zinc anode. However, depend on the electrolyte type, some other roles have been reported in literature for these additives such as reduction in the zinc grain size, improving the adsorption on electroactive surface sites, etc. Table 1 shows the recent applied organic additives in this type of batteries. Various functions of the used organic components are described in the following section.












Table 1. Organic components applied as additives in zinc-air batteries.
	No.
	Organic additive
	Electrolyte
	Main impact
	Ref.

	1
	Ethanol
	8 M KOH
	Effectively suppress the formation of passivating layers on the active surface of the zinc.
	[8]

	2
	Tetra-alkyl ammonium hydroxides
	6.6 M KOH
	Significant dendrite inhibition occurred and rechargeability of Zn anode is highly improved by the introduction of the proposed additives.
	[9]

	3
	CTAB, Slovasol 2520/2, Tween 20, Lugalvan G 35
	KOH
	CTAB and Slovasol 2520/2 lead to a pyramidal texture. Lugalvan G 35 produced micro-crystalline deposit with opened porous structure. Tween 20 lead to nano-crystalline highly porous deposit almost without preferred orientation.
	[10]

	4
	Branched polyethyleneimine (BPEI)
	ZnSO4
	BPEI adsorption on the surface of the substrate suppresses the kinetics of zinc electrodeposition and decreases the grain growth rate, thus favouring the nucleation over the growth.
	[11]

	5
	Cetyltrimethylammonium bromide (CTAB), salicylaldehyde (SAL), acetic acid (AA)
	ZnSO4.7H2O
	Additives in plating bath generates uniform, compact and bright zinc deposit. 
	[12]

	6
	Thiourea, benzalacetone
	ZnSO4·7H2O
	The mixture additives of thiourea and benzalacetone give rise to the formation of particle-like nanocrystalline zinc with a random orientation. 
	[13]

	7
	Polyethylene glycol (PEG),Polyoxyethylen alkyl phosphate ester acid
	8.5 M KOH
	Developing different morphology characteristics at the zinc surface. 
	[14]

	8
	phosphoric acid, tartaric acid, succinic acid and citric acid
	8.5 M KOH
	Hydrogen overpotential is raised enormously while dendrite formation is reduced to some extent. 
	[15]

	9
	a-diphenylglyoxime, tripropylene glycol, diaminepyridine, polyethylene glycol 
	1 M KOH
	1% polyethylene glycol and 1% diaminepyridine show better single-cycle life and accumulated capacity than the standard.
	[16]

	10
	Polyacrylamide, thiourea
	ZnCl2, NH4Cl, and H3BO3
	Nanocrystalline zinc with an average grain size of 50 nm was obtained. 
	[17]

	11
	dimethyl sulfoxide (DMSO)
	KOH
	DMSO suspends zinc oxide in the electrolyte, thus preventing passivation of the zinc surface
	[18]



Function of the Organic Additives in Zinc Air Batteries
Organic additives, frequently referred to as accelerator and levellers, are frequently applied to prevent dendrite creation on the surface of the zinc anode [19]. Table 1 represent some of the applied organic additives in ZABs in the recent decade. Ethanol, as a green additive, is one of the most proper options as an additive compound to the electrolyte of ZABS, since it is available and cost-effective. Hosseini et al. [8], investigated the impact of ethanol in the alkaline electrolyte. potentiodynamic polarization, electrochemical impedance spectroscopy, and cyclic voltammograms analyses revealed that addition of 5-10% ethanol results to elevation of zinc dissolution in the electrolyte and therefore increases the electrochemical performance of the battery. Discharge capacity and specific energy of the ZABs using ethanol as the electrolyte additive has been elevated to 30% and 16%, respectively. Tetra-alkyl ammonium hydroxides (TAAHs) can significantly inhibit dendrite formation by adsorption (attachment of the alkyl groups to the zinc) on the zinc surface and blocking the active sites [9]. Addition of the CTAB and Slovasol 2520/2 organic compounds results to pyramide texture of the deposited zinc to the zinc anode which are not effective for inhibition of the dendride formation. However, because of the highly porous nature of the deposits achieved under existence of Lugalvan G 35 and Tween 20, a decent surface access of the prepared layers can be expected [10]. Hashemi et al., [11] expressed that the branched polyethyleneimine (BPEI) can simultaneously improve the structure of the deposited zinc, results to the elimination of the size of the zinc, as well as decreasing the kinetic of the reaction. From the analytical results, the authors claim that the addition of the BPEI indirectly promotes the nucleation rate of the deposited zinc. As it can be perceived from reviewed functions of the organic additives, using various mechanisms, they increase the porosity of the deposits and hence, eliminate the dendrite formation. Same function goes to the application of the Cetyltrimethylammonium bromide (CTAB), salicylaldehyde (SAL), and acetic acid (AA). These organic compounds prepare a smooth, bright and uniform zinc deposit by changing the coarse zinc (156 nm) into the fine grained (57 nm) ones. Thiourea, benzalacetone, polyacrylamide, polyoxyethylen alkyl phosphate ester acid, and polyethylene glycol (PEG) offer the similar functions as an organic additive to the electrolytes of ZABs [12–14,17].

Nartey et al. [16] surveyed various organic additives for zinc-based batteries and found that a-diphenylglyoxime and polyethylene glycol organic compounds represent the best performance of the batteries in comparison to the other additives used. Dimethyl sulfoxide (DMSO) is another applied additive that by suspending the zinc oxide in the electrolyte, prevents the passivation of the zinc anode. Furthermore, it elevates the wettability of the electrode surfaces that results to less dendrite formation [18]. The prevention of dendrite formation is essential in order to effectively maintain the structure of anode after cycling processes. However, organic additives not only reduce the dendrite formation, but they also increase the potential required for hydrogen evolution [20]. The acidic additives such as phosphoric acid, tartaric acid, succinic acid and citric acid were tested by Lee et al. [15]. The results specified an obvious growth in hydrogen evolution in the order of tartaric acid > succinic acid > phosphoric acid > citric acid. Nevertheless, the inhibition of dendrite development followed the order of citric acid > succinic acid > tartaric acid > phosphoric acid.

Conclusion
Liquid alkaline electrolytes, such as KOH due to high conductivity, have drastic effects on the performance of the zinc air batteries. Various studies have been performed to eliminate the dendrite formation and hydrogen evolution reactions occurred by these preferable electrolytes. Organic additives such as ethanol, TAAHs, CTAB, BPEI, various types of acids, DMSO, and others have significant effect on the inhibition of the dendrite formation. This survey indicated that the main role of these electrolytes’ additives is to elevate the porosity of the deposited layer on the anode electrode and hence, eliminate the dendrite formation. Despite the fact that some of the applied organic additives such as CTAB represent promising results on the increase of the battery performance and cycle life, in order to achieve the required results, more investigations are deemed to be necessary. 
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