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ABSTRACT 

Vidaurri Romero, Ulises, An innovative triboelectric stent sensor: prospective cardiovascular 

health monitor device. Master of Science (MS), December, 2021, 20 pp., 4 figures, references, 

12 titles. 

Previous research that has focused on TENGs have lacked the proper application 

of this energy generator. Currently, heart disease remains the leading cause of death in 

the United States. With increasing demand for self-sustainable medical devices, this 

nitinol health monitor sensor device (NHMS) integrates the TENG applications with 

medical applications. The NHMS features memory shape nitinol electrodes that 

preserves the device structure while using PDMS and PVDF triboelectric effect to 

measure heart rate, blood pressure, and breathing patterns. Three constant pressures were 

measured in this study. At a constant pressure of stage 1, the NHMS produces an 

average AC of .31 volts. At stage 2, the NHMS produced .49 volts, and at stage 3, the 

NHMS produced .71 volts. Several beats per minute (bpm) were measured and clear 

readings were obtained from 30 bpm to 180 bpms. Furthermore, additional applications 

for energy harvesting and defibrillator capabilities are explored. Implications are 

discussed. 
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CHAPTER I 
 
 

INTRODUCTION 
 
 

With the looming threat of resource depletion in today’s modern society, the demand for 

self-sustainable and wearable medical devices has increased significantly. Triboelectric 

Nanogenerators (TENGs) possess the capabilities to efficiently produce and harvest electrical 

energy from mechanical energy in a small-scale and self-sustainable manner [2]. A triboelectric 

effect is created when two composite material surfaces come into contact, the flow of electrons 

between the two surfaces initiates to balance the potential, ultimately generating an electric 

current [10]. In addition, TENGs are biocompatible and cost-effective, making them especially 

appealing for biomedical use [4].  

Moreover, heart disease remains the leading cause of death in the United States, with 

Coronary Artery Disease (CAD) being the most common type of heart disease [5-6]. CAD 

occurs as a result of plaque accumulation in the walls of the coronary arteries, ultimately leading 

to hardening and narrowing of the arteries, and may eventually lead to organ failure [22]. To 

combat this issue, stents are often introduced and inserted into patients who suffer from 

atherosclerosis and other coronary artery diseases to expand the arteries and improve blood flow 

to the heart [20, 21]. Coronary stents are flexible and exhibit tremendous radial strength due to 

their scaffold structure and construction [21]. Here, in this project, we develop a distinct and 

innovative TENG-powered Smart Stent device that serves as an implanted tactile sensor to 
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monitor pulse, blood pressure, and electrodes of the heart while allowing for adequate blood flow 

to the heart. The structural design and concept of the coronary stent were incorporated into this 

device and modified to better suit the functionality of a health monitoring device.  

Nitinol, a nickel-titanium alloy, has become highly regarded in the biomedical industry 

due to its super-elasticity and pseudo-elasticity— or thermal shape memory behavior [11]. Its 

effect is reversible between austenite, a gamma phase metal, and martensite. Martensite is a steel 

crystallized structure that allows nitinol to change shape. When heated at high temperatures, 

martensite will turn into austenite, allowing nitinol to return to its original shape [23]. Nitinol’s 

distinct features make it especially favored in medical devices that are required to be implanted 

or inserted through arteries with complex pathways and has become especially popular for the 

design of cardiovascular stents [11]. Another vital component of Nitinol’s features is its strong 

corrosion resistance, which is imperative as stents are expected to maintain integrity until 

surgical removal is necessary [22]. 

In this project, we utilize poly (vinylidene fluoride) (PVDF) and polydimethylsiloxane 

(PDMS) as the coating of the nitinol wires for their outstanding features, most prominently their 

salient abilities to produce a Triboelectric Effect [18]. PVDF presents as five different crystalline 

polymorphs-- α, β, γ, δ and ε phases. β phase PVDF generates the best piezoelectric properties 

due to its significant dipole moment, which can be achieved through quenching and annealing 

among other specific conditions. [19]. To attain the greatest results of electric current, β phase 

PVDF was chosen as the ideal standard for PVDF coating of the Nitinol wires. Furthermore, 

PVDF is highly favored due to its large remnant polarization and good thermal stability, while 

PDMS is highly regarded due to its biocompatibility and highly elastic abilities [12, 19]. It is 
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essential that both PVDF and PDMS are biocompatible as the Smart Stent will be surgically 

implanted into the arteries.  

Health care monitoring sensors have also gained considerable recognition in the 

biomedical industry due to their abilities to detect vitals and data from the human body in the 

form of mechanical energy to better assist in medical diagnoses and health assessments [3]. This 

medical device would utilize the otherwise “wasted” energy produced from the constriction of 

the arteries to sense abnormal heart rates and harvest the energy to power the device itself [13].  

 About 3 million people in the United States have implantable pacemakers due to old age, 

heart diseases, and other heart disorders, including arrhythmias— which are prevalent in about 

1.5% to 5% of the general population [14, 15]. Although pacemaker insertion surgical 

procedures are considered minimally invasive, risks and complications can occur during the 

surgery and postoperative [8, 16]. Battery exhaustion is found to be the factor of greatest concern 

in regards to implantable pacemaker reliability, resulting in longevity being one major drawback 

of permanent pacemakers [17]. When artificial pacemakers are no longer able to function 

properly, they must be surgically replaced, which can be costly and potentially lead to further 

complications for the patient.  

This project focuses on innovating a self-powered Smart Stent device that monitors 

health and relies on TENG, thereby eliminating the need for traditional battery sources. Thus, 

this nitinol health monitor sensor NHMS serves as an implanted tactile sensor to monitor pulse 

and blood pressure. 
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CHAPTER II 
 
 

METHODOLOGY 
 

2.1 Shaping and Annealing of Nitinol 

  

Nitinol was used as the electrodes. The Nitinol was purchased with an activation temperature 

of 300 Celcius. The nitinol annealing process is as follows: First 3cm of 4 nitinol wires were 

twisted and intertwined with each other, after 3cm the wires were separated. The wires were then 

secured with stainless steel clamps and were heat treated with a blow torch. Immediately after 

heat treatment the nitinol wires were quenched in oil and cleaned. A second set of wires were 

similarly made for the opposing electrode. Both electrodes were then weaved together like a 

Chinese finger trap with a length of 15cm and a diameter of 1cm with the ends left separated. 

Both electrodes were secured, heat treated, quenched, and cleaned. After the application of the 

triboelectric materials, the ends were intertwined, heat treated, quenched, and cleaned. New 

coating of triboelectric materials was established on the ends of the electrodes. 

 

2.2 Doping of Nitinol wires in Polydimethylsiloxane (PDMS) 
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PDMS (184 Silicone Elastomer, Dow corning Co. Ltd.) and PVDF were used as the triboelectric 

materials for the NHMS.The PDMS fabrication process is as follows: The PDMS and curing 

agent were mixed in a weight ratio of 10:1 by stirring with a magnetic stir rod for 10 minutes and 

degassed in an ultrasonic resonator for 10 minutes. One of the nitinol electrodes was coated with 

the PDMS using the dipping method and dried overnight at 120o C in an oven. 

 

2.3 Doping of Nitinol wires in Poly (Vinylidene Fluoride) (PVDF) 

 

The PVDF fabrication process is as follows: an oversaturated PVDF solution was made using 

PVDF and DMF. The solution was stirring overnight at 70o C with aluminum foil to prevent 

degradation. The second electrode was coated with the PDMS using the dipping method and 

immediately hydro dipped to obtain the PVDF beta phase. The electrode was left to dry for 5-10 

minutes at 120o C in an oven. The PVDF was constantly checked for PVDF deterioration and 

would immediately stop drying with any sign of deterioration.  

After the application of the triboelectric materials, the ends were intertwined, heat treated, 

quenched, and cleaned. A new coating of triboelectric materials was established on the ends of 

the electrodes. 
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CHAPTER III 
 
 

RESULTS 
 
 

 

Figure 1: Schematics of NHMS. a) Picture of the NHMS. b) 3D view of the NHMS. c) 

Components of the NHMS. d) Memory shape capability of nitinol at 300C.  

 

Figure 1 depicts the schematics of the Nitinol health monitoring sensor (NHMS) with a real-life 

view of the sensor in Figure 1a). The photo depicts the weaving of the nitinol wires intertwined 

like a Chinese finger trap with a metal rod in between to show the hollow structure of the 

NHMS. This structure is the established structure of the NHMS that was permanently placed 

through the annealing and quenching procedures of the nitinol wires. Figure 1b) and 1c) show 

the 3D Model of the NHMS with Figure 1c) showing the composition of the sensor. The models 

depict two opposing coated electrodes that disperse into four color coded opposing electrodes 

that intertwined with each other. The opposing electrodes converge to their corresponding polar 
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electrodes at the end of the sensor. Figure 1d) show the capabilities of nitinol’s memory shape at 

300 Celcius. 

 

Figure 2: Characterization of NHMS. a) SEM of PDMS. b) SEM of PVDF. c) SEM of base 

PVDF. d) SEM of hydrodipped PVDF e) XRD of base PVDF. f) XRD of hydrodipped PVDF. 

 

Figure 2 shows the SEM of PDMS and the PVDF coating of the nitinol wires in a) and b). The 

PDMS acts as a non-polar opposing layer with rough characteristics as shown in the SEM while 

the manufacturing process of the PVDF creates a polar smooth piezoelectric/triboelectric layer as 
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shown in the SEM. A comparison of the PVDF manufacturing method is shown on c) and d). 

Figure 2e) shows the XRD of  basic PVDF while f) shows beta-phase PVDF polar film produced 

through the manufacturing process. 

 

 

Figure 3: Mechanism of NHMS. a) Resting & active phase of NHMS in the artery. b) 

Mechanism of NHMS in an artery. I) Resting phase of an artery. II) separations of NHMS due to 

body heat. III) active phase of an artery. IV) Compression of NHMS due to blood flow. 
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Figure 3 depicts the overall mechanism and the data produced from the NHMS. Figure 2a) 

portrays the contact separation process of the NHMS as it is placed in an artery of the human 

body. Figures I) and II) show the resting phase of an artery with the NHMS. In this phase the 

heat of the human body with an average of 37o Celsius resets the established structure of the 

NHMS with an activation temperature of 30o Celsius. Figure iii) and iv) depict the active phase 

of an artery with the NHMS. As the cardiovascular system pumps blood throughout its system, 

the pulse and pressure of the blood flow compresses the NHMS producing opposite polarities 

and electron floe for the nitinol electrodes. The artery then enters the resting phase and the 

nitinol sensor restructures itself to its established shape which is the separation phase of the 

NHMS. Thus, the pulse and heat cycle repeat itself without any interference. 
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Figure 4: Sensor capabilities of the NHMS. I) AC in mV of different bpms at no constant 

pressure. II) DC in V of different bpms at no constant pressure. III) AC in V of alternating 

pressure of 5psi, 11psi, and 13psi at 80bpm. IV) MAkeshisft Artery. 

 

Figure 4) shows the accumulated data of the simulated artificial artery with the NHMS. Figure 2, 

III) illustrates the alternating current in volts of the sensor at stage 1 of 5psi, stage 2 of 11psi, and 

stage 3 of 13psi. The constant pressures alternate from 5 to 11 to 13psi and repeat. This figure 

shows a constant plateau with an average of .31V at stage 1, a constant plateau with an average 

of .49V at stage 2, and a constant plateau with an average of .71V at stage 3. This shows that this 

HNMS has the capabilities of tracking and sensing different arterial pressures as shown by the 

data collected. This device can be furthered developed and customized to monitor blood pressure 

with definite accuracy. Figure 2, I) and II) continues to show beats per minute at no constant 

pressure. The graph shows a contrast from 30 bpm, 45 bpm, 60bpm, 80bpm,100bpm, and 

120bpm with precise indication of every beat. Further adaptation and enhancement can provide 

an accurate reading of the heart rate in the cardiovascular system. Figure2, II) shows the direct 

current in volts of the NHMS from 30 bpm, 45 bpm, 60bpm, 80bpm,100bpm, and 120bpm with 

no constant pressure. The highest DC voltage was recorded at 24 Volts. This figure depicts that 

the sensor can be modified to produce DC voltage that can not only be used as a sensor but as a 

nanogenerator for similar type of cardiovascular devices. With further adaptation the device is 

capable of recharging similar type of cardiovascular devices and prolong battery life. The NHMS 

can be customized to act as a defibrillator. The AB nodes produce a voltage of .13 volts to 

contract the heart. The NHMS maximum output of 24V can travel through the device and 

through the sensor and into the cardiovascular system as shown in Figure 4. 



CHAPTER IV 

DISCUSSION 

In this study, we developed a heart-health monitoring smart stent device that relies on 

TENG as its main power source to promote sustainability and cost-effectiveness in the 

biomedical industry. The voltage and current of the NHMS was measured with alternating 

constant pressures applied to the sensor stent. In addition, AC and DC was measured with 

different bpms at no constant pressure. The maximum AC energy output was recorded at 

1000mV at 180bpm along with a DC of 24V at 180bpm. When measuring at a constant pressure 

of 5psi, an average of .31V was recorded at 80bpm. When measuring at a constant pressure of 

11psi, an average of .49V was recorded at 80bpm. When measuring at a constant pressure of 

13psi, an average of .71V was recorded at 80bpm. Thus, the recorded voltage and current reveal 

that correlation can be made between arterial pressure and voltage. Moreover, a correlation can 

be made between signals, time, and beats per minute in the cardiovascular system. Most 

importantly, the output from the NHMS showed defibrillating capabilities, health monitoring 

applications and energy generating applications. Consequently, in order for this device to 

function properly, electrical engineering customizations need to occur to detect any heart rate 

and electrical activity read by the NHMS. However, During the production process, ensuring that 

PDMS coatings don’t disintegrate in the arteries can prove itself to be the biggest challenge. The 

removal of the PDMS layer may resolve the issue of the decomposition of PDMS into the 

11 
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cardiovascular system and transform this sensor from a TENG to a PENG. However, without a 

layer of the opposing nitinol layer, deterioration of nitinol could be detrimental to the 

cardiovascular system. Future research studies need to address this concern. Furthermore, the 

application of health monitoring with the materials utilized in this project can be further 

enhanced to develop a Smart Pacemaker Sensor.   



13 

REFERENCES 

[1] Q. Zhang, Q. Liang, Z. Zhang, Z. Kang, Q. Liao, Y. Ding, M. Ma, F. Gao, X. Zhao, Y.
Zhang, Electromagnetic shielding hybrid nanogenerator for health monitoring and 
protection, Advanced Functional Materials 28(1) (2018) 1703801.  

[2] X. Yu, X. Liang, R. Krishnamoorthy, W. Jiang, L. Zhang, L. Ma, P. Zhu, Y. Hu, R. Sun, C.-
P. Wong, Transparent and flexible hybrid nanogenerator with welded silver nanowire
networks as the electrodes for mechanical energy harvesting and physiological signal
monitoring, Smart Materials and Structures 29(4) (2020) 045040.

[3] J. Yu, X. Hou, M. Cui, S. Zhang, J. He, W. Geng, J. Mu, X. Chou, Highly skin-conformal
wearable tactile sensor based on piezoelectric-enhanced triboelectric nanogenerator, 
Nano Energy 64 (2019) 103923.  

[4] Ruoxing Wang, Liwen Mu, Yukai Bao, Han Lin, Tuo Ji, Yijun Shi, Jiahua Zhu,*and
Wenzhuo Wu*. Holistically Engineered Polymer–Polymer and Polymer–Ion Interactions 
in Biocompatible Polyvinyl Alcohol Blends for High-Performance Triboelectric Devices 
in Self-Powered Wearable Cardiovascular Monitorings 32 (2020) 2002878.  

[5] Xu JQ, Murphy SL, Kochanek KD, Arias E. Mortality in the United States, 2018. NCHS
Data Brief, no 355. Hyattsville, MD: National Center for Health Statistics. 2020. 

Leading Causes of Death- Heart Disease 2018 https://www.cdc.gov/nchs/data/databriefs/db355-
h.pdf

[6] https://www.cdc.gov/nchs/data/nvsr/nvsr67/nvsr67_06.pdf Leading Causes of Death 2016

[7] TENG https://advances.sciencemag.org/content/5/4/eaav6437/tab-pdf

[8] Pacemaker Insertion https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4356861/
Kotsakou, M., Kioumis, I., Lazaridis, G., Pitsiou, G., Lampaki, S., Papaiwannou, A.,

Karavergou, A., Tsakiridis, K., Katsikogiannis, N., Karapantzos, I., Karapantzou, C., 
Baka, S., Mpoukovinas, I., Karavasilis, V., Rapti, A., Trakada, G., Zissimopoulos, A., 
Zarogoulidis, K., & Zarogoulidis, P. (2015). Pacemaker insertion. Annals of translational 
medicine, 3(3), 42. https://doi.org/10.3978/j.issn.2305-5839.2015.02.06 

[9] Wearable Tactile Sensors
https://www.sciencedirect.com/science/article/pii/S0927796X16301231 

https://www.cdc.gov/nchs/data/databriefs/db355-h.pdf
https://www.cdc.gov/nchs/data/databriefs/db355-h.pdf
https://www.cdc.gov/nchs/data/nvsr/nvsr67/nvsr67_06.pdf
https://advances.sciencemag.org/content/5/4/eaav6437/tab-pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4356861/
https://www.sciencedirect.com/science/article/pii/S0927796X16301231


14 

[10] Wang ZL. Triboelectric nanogenerators as new energy technology for self-powered systems
and as active mechanical and chemical sensors. ACS Nano. 2013 Nov 26;7(11):9533-57. 
doi: 10.1021/nn404614z. Epub 2013 Oct 3. PMID: 24079963. 

[11] Nitinol Wires for Medical Devices https://pubmed.ncbi.nlm.nih.gov/21316613/

[12] PDMS https://ieeexplore.ieee.org/abstract/document/4443682

[13] Ulises Vidaurri… Decentralized Triboelectric Electronic Health Monitoring Flexible
Device 

[14] Pacemaker https://www.ncbi.nlm.nih.gov/books/NBK526001/

[15] Arrhythmias https://www.ncbi.nlm.nih.gov/books/NBK558923/

[16] Carrión-Camacho, M. R., Marín-León, I., Molina-Doñoro, J. M., & González-López, J. R.
(2019). Safety of Permanent Pacemaker Implantation: A Prospective Study. Journal of 
clinical medicine, 8(1), 35. https://doi.org/10.3390/jcm8010035 

[17] https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4690990/

[18] PVDF and PDMS Piezo https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6263872/ Sappati,
K. K., & Bhadra, S. (2018). Piezoelectric Polymer and Paper Substrates: A Review.
Sensors (Basel, Switzerland), 18(11), 3605. https://doi.org/10.3390/s18113605

[19] Ruan, L., Yao, X., Chang, Y., Zhou, L., Qin, G., & Zhang, X. (2018). Properties and
Applications of the β Phase Poly(vinylidene fluoride). Polymers, 10(3), 228. 
https://doi.org/10.3390/polym10030228 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6415445/ 

[20] Chhabra L, Zain MA, Siddiqui WJ. Coronary Stents. [Updated 2020 Aug 10]. In: StatPearls
[Internet]. Treasure Island (FL): StatPearls Publishing; 2021 Jan-. Available from: 
https://www.ncbi.nlm.nih.gov/books/NBK507804/  

[21] Schmidt, T., & Abbott, J. D. (2018). Coronary Stents: History, Design, and Construction.
Journal of clinical medicine, 7(6), 126. https://doi.org/10.3390/jcm7060126 

[22] https://www.sciencedirect.com/science/article/pii/B9780128157329000280

[23] https://www.sciencedirect.com/topics/materials-science/martensite

https://pubmed.ncbi.nlm.nih.gov/21316613/
https://ieeexplore.ieee.org/abstract/document/4443682
https://www.ncbi.nlm.nih.gov/books/NBK526001/
https://www.ncbi.nlm.nih.gov/books/NBK558923/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4690990/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6263872/
https://doi.org/10.3390/s18113605
https://doi.org/10.3390/polym10030228
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6415445/
https://www.ncbi.nlm.nih.gov/books/NBK507804/
https://www.sciencedirect.com/science/article/pii/B9780128157329000280


15 

APPENDIX 



16 

APPENDIX 

FIGURES 

Figure 1 

Figure 2 



17 

Figure 3 



18 

Figure 4 



19 



20 

BIOGRAPHICAL SKETCH 

Ulises Genaro Vidaurri Romero was born and raised in Brownsville, Texas. 

Ulises began his education at the University of Texas-Pan American, which later 

merged and became the University of Texas Rio Grande Valley. He completed his 

Bachelor of Science in Chemistry in December 2018. After working as a chemistry 

technician for one year, he pursued a Master of Science degree, where he graduated in 

December 2021. During his tenure as a graduate student, Ulises was a member and lead 

graduate student of the Photonic and Energy Research Lab at UTRGV. Ulises became 

involved in research since his undergraduate career and has since then presented at 

several conferences. Ulises plans on pursuing job opportunities in the areas of science 

and engineering focusing on polymers and materials. Ulises can be reached by email at 

uvid19@gmail.com. 

mailto:uvid19@gmail.com

	An Innovative Triboelectric Stent Sensor: Prospective Cardiovascular Health Monitor Device
	Recommended Citation

	1 Title Page UVR
	2 Committee Members UVR
	3 Copyright UVR
	4 ABSTRACT UVR
	5 DEDICATION UVR
	6 ACKNOWLEDGEMENT UVR
	7 TABLE OF CONTENTS UVR
	8 LIST OF TABLES UVR
	10 Thesis Draft UVR

