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Results and discussion
We hereby report the synthesis of novel multi-     
functional polymeric binder materials for application in 
LIB cathodes. The bifunctional starting material       
11-amino undecanoic acid is converted with high yield 
into its acrylamide (AAmUDA) and is used as the  
central monomer in this work. Through polymerization 
with other vinylogous monomers such as acrylic acid, 
PEG methyl ether acrylate (mPEGa), N,N-dimethyl 

acrylamide (DMA), or N-alkyl acrylamides (C12) a variation in physico-
chemical properties, such as flexibility (Figure 2) and adhesive strength 
is possible. The key feature of the proposed binders is the combination 
of the well-known  adhesive, acid-scavenging lithium-carboxylate      
moieties, with a flexible aliphatic spacer and a wide range of functional 
co-monomers.  

All synthesized poly(lithium carboxylate) binders are water-soluble. In  
Figure 3 oxidative linear sweep voltammograms (OLSV) of the materials 
in LiPF6 in 1:1 EC/DMC are shown. This confirms electrochemical      

stability of  all proposed binders up to the stability window of the model electrolyte and 
even decreases oxidative processes on the electrode surface. Initial test results of adhe-
sive strength, shown in Figure 4, reveal a sixfold increased adhesion of p(AAmUDA) to the 
aluminum current collector compared to the reference. Co-polymers containing 50 % other 
non-adhesive functionalities retain at least a twofold increase of  peel-off adhesion, while 
gaining additional features.

The Future
A move towards water-soluble polymeric 
binders removes the necessity of NMP, 
which will be an asset in recycling and 
brings a cost advantage. New emerging 
materials (Figure 1) also can improve the 
cycle stability through the introduction of 
additional functionalities such as carboxy-
lates2.

State of the art 
The currently used polyvinylidene fluoride 
(PVDF) binder is problematic in many as-
pects. Its solubility is limited to N-methyl-2-
pyrrolidone (NMP), which is expensive,  
toxic and hinders convenient recycling of 
active material. Furthermore, its swelling 
behaviour in battery electrolytes is causing 
reliability issues during use as well1. 

Background 
Over the last years the polymeric binder in 
lithium-ion battery (LIB) cathodes has been 
of increased attention. The focus has   
shifted from simple, electrochemically and 
thermally stable polymers with adhesive 
properties towards environmentally friendly, 
multifunctional materials. 

What’s new? 
✓ Novel tailorable lithium carboxylate 

brush (co)polymers 

✓ Water soluble polymer binder  
for Li-ion battery cathodes 

✓ Electrochemically stable up to the 
electrolyte limit 

✓ Improved adhesion to the current 
collector and the active material

Figure 1: Photograph of powdered polymer binder 
(left front), as a flexible foil (left back) and a finished 
LNMO cathode (⌀ 12 mm, right front) for the appli-
cation in a coin cell (middle) 

Figure 2: Polymer foil 
(17*17*0.05 mm) made 
from poly(AAmUDA-co-
mPEGa) between 
tweezers. The addition 
of mPEGa-comonomer 
increases flexibility.
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Figure 3: OLSV of different polymer drop-casted onto 
glassy-carbon electrodes. The binders were measured vs. a 
platinum counter electrode and Ag/AgCl quasi reference 
electrode in 1M LiPF6 1:1 EC/DMC.
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Figure 4: Peel-off adhesion measurements of electrodes  
prepared with different polymer binders. Adhesive strength 
was measured in a 90° angle with 3M tape.


