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Welcome to my course Electrochemical Energy Storage and this is module number 12
where | am discussing Other Types of Batteries. And this is lecture number 60 where
Other Redox Flow Battery Technology I will introduce. In the last lecture | talked about
vanadium redox flow battery and in this particular lecture we will talk about the other
types of redox flow battery.
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CONCEPTS COVERED

Please note, that the concepts developed in earlier lectures of other modules are applicable in this
module as well

» Zinc-Nickel Single Flow Battery
» Non-aqueous redox flow batteries
» Redox Flow Lithium batteries

So, one of this kind of chemistry is zinc nickel single flow battery, so that I will
introduce. And then second one is the non aqueous redox flow batteries and finally,
redox flow lithium batteries. So, these three typical varieties | will introduce very briefly.
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Zinc-Nickel Single Flow Battery

The zinc-nickel single-flow battery features one electrolyte storage tank. It employs an
alkaline solution of zincate as the electrolyte and ion exchange membrane is not
needed. The flow of ions in the cell and the orientation movement of electrons in the
external circuit constitute the current circuit. The electrode reactions are shown as
follows:

Anode: 2NiOOH +2H,0 +2¢ T.;"_i*lNi(OH|+IOH' ¥ =0490V

Cathode : Zn+40H %Zn(omj +2¢, Y=-1215V
b

Overall:Zn+KOH +2H,0+ 1Ni(X)H:’1___‘—’;;2Ni{OH)! +K,Zn(OH),
E °

¥=1705V
In this battery system, no ion exchange membranes are used, and the current circuit

is connected by the transmission of the ions in the cell and the corresponding
movement of electrons in the external circuit

So, here you can see that in zinc nickel single flow battery it is having feature this is
having only one electrolyte storage tank, unlike two separate electrolyte and it does not
have any ion exchange membrane. So, no separate ion exchange membrane that is used
for this type of battery. So, it is having a separate anode and cathode material and the
electrolyte is an alkaline solution of zinc which is zinc OH whole 4 says this zincate is

used as an electrolyte and ion exchange membrane is not there.

So, this one is pumped into this cell and in the anode which is nickel oxygen hydroxide
oxy hydroxide this reaction takes place during charge which gives a typical potential of
0.490 volt. And in case of the cathode which is basically zinc this reaction takes place
and that is the potential that one can get. So, the overall reaction is given by this with a

voltage gain is about 0.705 volt. So, this is a quite simple case of the batteries.
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Metal-Based and Metal-Free Redox pairs in RFB
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Metals cations are bonded to various ligands
which can allow redox reactions to proceed
without crystallization

And in this type of redox flow battery there are various types of configuration of the
metal and the ligands that is being used in conjunction. So, metal cations they are
basically bonded to various types of ligands and which in fact, allows this redox reaction
to produce proceed and there is no apparent crystallization to takes place. And otherwise

it could be metal free redox flow as well.

So, this charge radical they are generated and they are stabilized by so called mesomeric

stabilization. So, for example, in the way it is shown through an aromatic ring system.
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So, this both this two types of redox pair is used in redox flow batteries.
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Semi-Solid Lithium Flow Cells

Concentration of Redox-Active Species in
Various Lithium-lon Battery Materials and VRFBs
Materials M
14,0, no
L, M0 ny
L 7695
LiFePO, 08
L, C00 255
Li,MnPO, 2L
VRFB =20(V ions)

Slurries of LIB materials are pumped instead for ionic catholytes and anolytes, where
the traditional electrochemical properties of the battery materials are employed

And another example is a semi solid lithium flow cell there the slurries of lithium ion
battery materials are used. So, for example, the negative electrode material this lithium
titanium oxide that is used in positive lithium iron phosphate, lithium cobalt oxide,
lithium manganese phosphate they can be used.

So, the concentration for each of these you can see they are quite high concentration. So,
this cathode and anode slurry they are pumped inside this chamber which are separated

by this separator. So, this is a traditional electrode they are used for this kind of battery.

One advantage is that the delamination from the current collector during charge and
discharge operation in certain chemistry what | already described in the earlier lecture
they are no longer there. And in that way this batteries are acceptable and otherwise the
chemistry remains same, the same kind of chemistry whatever we described for lithium

ion battery that is equally valid for this type of battery as well.
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Semi-Solid Lithium Flow Cells
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So, another type is a semi solid lithium flow cell where as you can see that lithium iron
phosphate is being used and there is a redox molecule that is used. So, lithium iodide is
one of this kind of special additive that is used. Where this iodine they chemically
oxidize this lithium iron phosphate. So, effectively this is delithiated, so lithium is taken

out.

And during discharge process this iodine chemically reduce this iron phosphate the
formed iron phosphate to regenerate this lithium iron phosphate. So, that is the charge
and discharge reaction that takes place in this type of batteries. So, if you compare the
voltage profile for lithium iodide and the voltage profile of lithium iodide mixed with
lithium iron phosphate, then you can see that it gives you more charge as compared to

pure lithium iodide.

And the capacity reduction after repeated cycling after 40 cycle; they are quite nominal.
So, about 80 percent retention is there with a very good coulombic efficiency for this
type of battery. So, this is the semi solid lithium flow cell that also has been devised for

the rechargeable battery system.
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* Redox Flow Batteries: Fundamentals and Applications by Huamin Zhang, Xianfeng Li
and Juijun Zhang, CRC Press

So, this book is good for redox flow battery system in general | have not covered it at
length, I am just introduced the concept that is emerging for this kind of flow battery to
maintain the continuity of my whole course lectures. So therefore, module 12 was quite
short, in just small lectures | have coupled together just to give you the flavour of this

other types of rechargeable cells.
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» Zinc-Nickel Single Flow Battery
» Non-aqueous redox flow batteries
» Redox Flow Lithium batteries

So, in this particular lecture we talked about zinc nickel single flow battery where only

one reservoir is used, unlike two cathode light and anode light reservoirs. Then non



aqueous redox flow batteries we have introduced and redox flow lithium batteries that

we have covered.

Thank you for your attention.



