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Wood cellulose is the most encountered and an abundant natural organic material; Canada in particular is the 

home of a strong pulp and paper industry, and is also the largest producer of wood cellulose fibre. Imparting special 

functionality into wood cellulose would be interesting and hence could be used as a low-cost functional material to develop 

sensing devices. Recently significant research efforts have been invested in developing piezoelectric paper by adopting 

various approaches that includes (i) regeneration of wood cellulose fibers, (ii) synthesis of nanostructured ZnO directly on 

paper, and (iii) growth of ZnO nanorods arrays on wood cellulose fibers. However, all of these approaches are time 

consuming, expensive, and cannot be integrated into the existing paper making process.    

 We have successfully developed a mechanically flexible, piezoelectric paper through fiber functionalization that 

involves anchoring nanostructured BaTiO3 into a stable matrix with wood cellulose fibers prior to the paper making 

process. We employed a layer-by-layer approach to functionalize the wood fibers, which involves immersion of wood 

fibers in aqueous solution of poly(diallyldimethylammonium chloride), PDDA(+), and poly(sodium 4-styrenesulfonate), 

PSS (-), and once again in PDDA (+); this results in the creation of a positively charged surface on the wood fibers. The 

treated wood fibers are then immersed in a BaTiO3 (barium titanate) suspension, leading to the electrostatic binding of 

BaTiO3. Changes in the zeta potential of functionalized fibers before and after activation in the suspension of BaTiO3 and 

TEM observations suggest the attachment of BaTiO3 onto wood fiber. Finally, paper hand sheets are made according to the 

TAPPI method T-205, and the resulting hybrid paper is then corona poled to render it piezoelectric. 

The piezoelectric paper was subjected to electrochemical tests to evaluate its piezoelectric behavior, for that, a 

compressive load (2N, 3N, and 4N) was applied to a sample and the corresponding charge induced by the paper was 

measured using a charge meter. The piezoelectric coefficient d33 of the hybrid paper significantly increases with BaTiO3 

loading up to 4.8±0.4 pC N−1 at 48 wt% BaTiO3, the highest loading studied in these experiments. Similarly the sensing 

behavior of piezoelectric paper was also assessed; for that purpose, electrodes (conductive copper tape) were deposited on 

both sides of the paper, and the charge induced by the device was measured as a function of the kinetic energy of an object 

impacting onto the paper. It was found that the piezoelectric charge induced by the hybrid paper increases with an 

increasing magnitude of the impact energy. For example, the piezoelectric charge generated by the hybrid paper subjected 

to an impact of 10 mJ is 22 pC and it increases to 92 pC, when the impact energy on the hybrid paper increased to 43 mJ, 

and the device showed a linear response (R2=0.97) to impact in the range of 10 to 75 mJ. Our experimental results indicate 

that functionalizing nanostructured BaTiO3 onto wood cellulose fibers may be a promising approach to enhancing the 

functionality and value of paper in developing low cost and environment-friendly sensing devices.  


