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摘  要 

炭黑纳米材料作为一种零维纳米结构碳材料，其基本结构由多层级石墨微晶有序堆积构成。该材料因其

大比表面积和介孔结构具有良好的吸附性能，而且其形成的高导电碳网络结构具有优异的导电性能，能

够显著增强电化学反应过程中的电荷输运能力。在本工作中，阐述了炭黑纳米材料增强电化学传感检测

性能的基本原理，并详细介绍了多种类型的炭黑纳米材料(VXC-72R，Super P Li，科琴黑、乙炔黑等)及
其电化学传感检测分析应用研究现状。此外，将炭黑纳米材料与其他功能材料(碳纳米管、石墨烯、纳米

黏土、MOFs等)进行复合，可以充分发挥各组分的协同增效作用，实现电化学传感检测性能的显著提升。

本文综述了炭黑纳米材料基复合材料在电化学传感检测分析中的应用研究现状。最后，对开发低成本、

高灵敏的炭黑纳米材料基复合物传感器进行了展望。 
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Abstract 
Carbon black nanomaterials have the basic structure composed of multiple layers of ordered graph-
ite microcrystals. These materials have good adsorption performance due to its large specific sur-
face area and mesoporous structure, and the highly conductive carbon network structure has ex-
cellent conductivity, which can significantly enhance the charge transport ability of electrochemical 
reactions. In this work, the basic principle of enhancing the electrochemical sensing detection per-
formance of carbon black nanomaterials was elucidated, and various types of carbon black nano-
materials (VXC-72R, Super P Li, Keqin black, acetylene black) and their research progress in elec-
trochemical sensing detection applications were introduced in detail. In addition, the composites of 
carbon black nanomaterials with other functional materials (carbon nanotubes, graphene, nanoclay, 
MOFs, etc.) can fully leverage the synergistic effect of each component and achieve significant im-
provement in electrochemical sensing detection performance. This article reviews the current 
research progress of the applications of carbon black nanomaterials-based nanocomposite mate-
rials in electrochemical sensing detection and analysis. Finally, the prospect was made for the 
development of low-cost and highly sensitive carbon black nanomaterials-based nanocomposite 
sensors. 
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1. 引言 

炭黑纳米材料是一种由碳元素组成的颗粒状材料，其基本结构由多个纳米尺度的石墨片层组成，这

些石墨片层形成了一种具有大表面积和多孔结构的颗粒体，使其具备了良好的吸附性能[1]-[5]。此外，炭

黑纳米材料具有优异的导电性能，其石墨片层的导电性使得炭黑纳米颗粒能够形成高导电碳网络结构，

从而在传感器、电池、催化等领域发挥着重要的作用[6]-[10]。特别是，炭黑纳米颗粒在电化学传感检测

分析领域具有诸多优势。首先，该材料的大比表面积和多孔结构能够增强传感电极对被检测物的吸附能

力，从而提高传感器的灵敏度[11]-[17]。其次，良好的导电性能有利于实现电荷的高效输运，增强电化学

反应的速率，进而提升电化学传感器的响应速度[18]-[21]。此外，炭黑纳米材料还具有成本低、资源丰富、

易于修饰等优势，这为其在电化学传感检测分析领域的广泛应用提供了有力保障。 
为了增强电化学传感器的灵敏度，将炭黑纳米材料与其他纳米功能材料复合，制备功能化集成的纳

米复合物增敏剂已成为传感检测分析领域的一个重要研究方向。根据公开报道的研究成果[6] [7] [11] [13] 
[15] [22]-[26]，将炭黑纳米材料与其他功能性材料(碳纳米管、石墨烯、纳米黏土、MOFs 等)进行复合，

可以充分发挥各组分的协同增效作用，实现电化学传感检测性能的显著提升，如图 1 所示。炭黑纳米材

料与碳纳米管复合，可以充分利用远程导电和近程导电的协同优势，显著增强传感器对特定物质的检测

灵敏度[11] [22] [23]。炭黑纳米材料与石墨烯复合可以进一步显著改善纳米复合材料的导电性和机械性能，
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进而提高传感器的稳定性和重复性[24] [25]。此外，炭黑纳米材料与纳米黏土、MOFs 等制备的纳米复合

材料在电化学传感器中也得到了广泛的应用，展现出了良好的应用前景[6] [13] [26]。 
 

 
Figure 1. Synthesis procedure of the GCNTs@SP-Li/GCE sensor and the corresponding 
oxidation mechanism of ISO at the proposed sensor [23] 
图 1. GCNTs@SP-Li/GCE 传感电极组装及其 ISO 传感检测示意图[23] 

2. 炭黑纳米材料的电化学传感检测分析机理 

炭黑纳米材料因其独特的结构和性能在电化学传感检测分析中发挥着重要的作用，其传感检测分析

机理主要涉及以下三个方面。首先，炭黑纳米材料的基本结构由多个纳米尺度的石墨片层组成，形成的

珍珠链状结构具有大比表面积和多孔结构，这能够在传感电极表面为被检测物质提供丰富的吸附位点，

有助于提高传感电极表面对被检测物的富集能力[18]-[21] [27]。其次，炭黑纳米材料因其独特的珍珠链状

结构能够形成三维互联的高导电碳网络结构，能够有效地促进电荷传输，降低传感电极与电解液之间的

界面电阻，提高传感电极的导电性和电催化活性，有助于增强传感器对目标检测物的检测灵敏度[28]-[32]。
此外，炭黑纳米材料还具有一些独特的表面性质和化学活性，可在电化学传感检测的过程中与被检测物

相互作用，实现对目标物质的选择性检测[18] [33]-[37]。需要注意的是，炭黑纳米材料还可以与其他纳米

材料复合形成异质结结构，产生协同增效效应，这能够进一步增强其电化学传感检测分析性能[23] [26] 
[38] [39]。 

3. 炭黑纳米材料类型 

炭黑纳米材料主要涉及 VXC-72R、Super P Li、科琴黑、乙炔黑等类型。这几种材料在微观结构、导

电性能以及传感应用方面有所不同。VXC-72R 因其高比表面积和一定量的羧基含量，可在高灵敏电化学

传感检测应用中发挥重要的作用[7] [40]。Super P Li 因其超低灰分特性能够保障生物分子检测特异性，在

葡萄糖传感检测中展现较宽的线性检测范围。科琴黑具有超高比表面和一定的介孔体积，可显著缩短传

感检测响应时间，但机械强度低的特点会限制该材料的结构稳定性[15] [34]。乙炔黑的导电性相对较差，

但是该材料的成本低，有助于实现传感器件的规模化生产应用[35] [36] [41] [42]。 

3.1. VXC-72R 炭黑纳米材料 

VXC-72R 炭黑纳米材料是一种高品质的导电炭黑，具有高导电性、低硫含量和低灰分含量等特性。

该材料的物理形态为粉状，比表面积较大，粒径较小，着色力强，密度较低，使其在多个领域都有广泛
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应用[40] [43]-[45]。在电化学传感检测分析中，VXC-72R 炭黑纳米材料可提高传感器的导电性能和吸附

能力，增强对目标物质的检测灵敏度。Zhao 等人采用简单有效的超声波辅助策略制备了 VXC-72R 纳米

颗粒材料修饰锆基金属有机骨架传感器，如图 2 所示[7]。VXC-72R 纳米粒子具有良好的导电性能和良

好的分散性，可以导电形成相互连接的碳导电通道。此外，VXC-72R 纳米粒子的引入可以有效地弥补

锆基金属有机骨架的导电性能。所构建的电化学传感器具有良好的 MP检测性能，检测限可达到 1.35 nM 
(线性 MP 浓度范围：0.01~10 μM)。当用于检测果汁样本中的 MP 时，该传感器显示可接受的回收率为

96.00%~104.67 %。 
 

 
Figure 2. Fabrication of VXC-72R@UIO-66/GCE sensor for the MP 
detection [7] 
图 2. VXC-72R@UIO-66/GCE 传感器组装及其 MP 检测示意图[7] 

3.2. Super P Li 炭黑纳米材料 

Super P Li 炭黑纳米材料是一种高性能的导电炭黑，具有较小的纳米颗粒粒径和较高的比表面积，使

其在电化学传感检测中具有独特的优势。该材料优异的导电性能可以有效地提高传感电极的电导率，降

低电极与电解液之间的接触电阻，从而增强传感电极表面电化学反应的效率[6] [26] [43]。近年来，Super 
P Li 炭黑纳米材料在电化学传感器中的应用也受到了越来越多的关注。Liu 等人使用 β-环糊精功能化的

Super-P-Li 炭黑纳米材料修饰玻碳电极，构建了一种新型 MP 检测用电化学传感器[18]。具有高电化学活

性面积的 SPLCB 表现出优异的导电性，这有利于形成互连的高导电碳网络结构。β-CD 功能化不仅可以

促进 SPLCB 的均匀分散，还可以进一步增强传感电极表面对 MP 分子的富集能力。此外，SPLCB 的存

在可以弥补 β-CD 电导率低的缺陷。在最佳实验条件下，SPLCB 和 β-CD 的协同增效作用实现了传感器

的高灵敏 MP 检测性能。此外，该传感器还成功用于苹果汁中的痕量 MP 的检测分析。 

3.3. 科琴黑纳米材料 

科琴黑纳米颗粒是一种具有特殊结构的炭黑材料，因其独特的支链状和多晶体形态能够形成高效的
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高导电碳网络结构。该材料较少的添加量就可以显著提升导电率，有效降低传感电极与电解液的界面内

阻，进而提高电化学反应过程中电极表面的电荷传输效率[8] [14] [28] [34]。Zhang 等人通过超声波分散科

琴黑纳米材料，然后涂覆在改性碳布电极上，获得了一种简单低成本的电化学传感器，实现了重金属离

子 Cr(VI)的高灵敏检测[14]。研究结果表明，修饰传感电极的电荷输运能力得到显著增强，这主要得益于

科琴黑优异的导电性能。此外，科琴黑纳米材料的大比表面积和介孔特征能够增强传感电极表面对被检

测物的富集能力。在最佳实验条件下，电化学传感检测 Cr (VI)的还原峰电流与其在样品中的浓度之间的

关系。还原峰电流强度与其浓度在 0.025~57 μM 和 57~483 μM 范围内呈良好的线性关系。该传感器的检

出限可达到 9.88 nM (S/N = 3)，显示出优异的重金属离子检测性能。 

3.4. 乙炔黑纳米材料 

乙炔黑炭黑纳米材料是一种由乙炔热解生成的高性能导电炭黑，具有高纯度、低杂质含量以及优良

的导电性和吸液性[17] [30] [35]。其粒径小、比表面积大，表观密度低，呈现多孔结构，这使其具备良好

的吸附性能。在导电应用中，乙炔黑炭黑纳米颗粒能有效提升材料的导电性能，有助于提高电化学传感

器的灵敏度[5] [20] [24] [25]。Sun 等人基于乙炔黑修饰的玻碳电极开发了一种阿霉素检测用电化学传感

器[30]。在最佳条件下，所开发的传感器表现出令人满意的选择性、可重复性和稳定性。此外，根据阿霉

素的电化学传感检测结果，随着阿霉素浓度的增大，阿霉素的电化学传感响应值也不断增大，而且二者

具有较好的线性拟合关系，检测限可达到 3.006 nM。此外，将开发的传感器用于人血清样品中阿霉素的

定量分析，表现出令人满意的回收率。 

4. 炭黑纳米材料基复合物在电化学传感检测分析中的应用 

利用固相法制备高功率尖晶石型 LiMn2O4 正极材料时，需要选择合适的固相反应策略。同时还需要

注意的是，不同的锰源(如 MnO2、MnCO3、Mn3O4、MnO 等)具有不同的结构和形貌，将其作为固相反应

物制备的尖晶石型 LiMn2O4正极材料也会表现出不同的电化学性能[25] [31] [38] [42]-[45]。因此，在制备

高功率尖晶石型 LiMn2O4正极材料时，也要为固相反应选择合适的锰源。 

4.1. 炭黑纳米材料@碳纳米管复合材料 

炭黑纳米颗粒@碳纳米管复合物能够结合炭黑纳米材料和碳纳米管的优良特性，二者结合形成协同

效应，优势互补[11] [22] [23]。一维中空结构的碳纳米管和炭黑纳米颗粒的复合能够发挥远程导电和近程

导电的协同增效作用，可进一步增强炭黑纳米材料的导电性。此外，炭黑纳米材料有助于改善碳纳米管

易团聚等问题，使复合材料性能优于单一组分，在电化学传感应用表现出更好的检测分析性能。Li 等人

通过简单的超声波辅助策略制备了 SuperP Li 碳纳米颗粒和石墨化多壁碳的纳米复合材料(GCNTs@SP-
Li)，并用于修饰玻碳电极构建 GCNTs@SP-Li 纳米复合物传感器，实现异丙隆(ISO)的高灵敏检测[23]。
对于 GCNTs@SP-Li 纳米复合材料、多孔结构的 GCNT 具有优异的吸附性能，这有助于 ISO 的预富集并

促进电解质渗透。此外，GCNT 因其较高的石墨化程度而具有良好的导电性。GCNTs@SP-Li 纳米复合材

料法互连点线状结构显著缩短了电子传输距离，从而显著加速了氧化还原反应的过程。GCNTs 和 SP-Li
的多功能集成实现了 GCNTs@SP-Li/GCE 传感器对 ISO 的灵敏检测。此外，该传感器在测定河水和自来

水中的 ISO 时表现出令人满意的回收率。 

4.2. 炭黑纳米材料@石墨烯复合材料 

石墨烯具有优异的导电性、高比表面积和良好的机械性能，与炭黑纳米颗粒复合后，可以进一步提

高复合材料的导电性能和吸附性能。在电化学传感检测领域，炭黑纳米颗粒@石墨烯复合材料被广泛应
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用于检测生物分子、环境污染物和食品中的有害物质等[24] [25]。Deng 等人使用乙炔黑和石墨烯的纳米

复合材料修饰碳糊电极，构建了一种色氨酸(Trp)检测用电化学传感器[24]。由于高吸附能力、大表面积和

众多活性位点，该复合材料对 Trp 的氧化显示出很明显的增强作用，并显著提高了传感检测 Trp 的峰值

电流。在 1.0 M H2SO4中，色氨酸和酪氨酸(Tyr)的伏安响应很好地分为两个不同的峰，峰电位差(ΔEpa)为
115 mV。在优化条件下，传感检测色氨酰的氧化峰电流与其浓度在 0.1 μM 至 0.1 mM 的范围内成正比，

检测限为 60 nM (S/N = 3)。 

4.3. 炭黑纳米材料@纳米黏土复合材料 

炭黑纳米材料@纳米黏土复合材料在电化学传感检测中具有显著优势。炭黑导电材料的导电性可降

低电极界面电阻，加速电子传输，而纳米黏土能够提供丰富的活性位点，二者协同的优势有助于增强电

化学信号响应[26] [40]。对于该类型的复合材料，调节炭黑含量可调控复合材料的导电性能，满足不同传

感器需求，实现对目标物质的高灵敏检测。此外，炭黑和纳米黏土制备成本低、原料来源广泛，有利于

利于降低电化学传感器的生产制造成本。Li 等人提出了一种简单、低成本、可扩展的超声波辅助策略，

用于制备 Super-P 炭黑纳米颗粒分散的凹凸棒石(Pal)纳米纤维复合材料，如图 3 所示[26]。该复合材料进

一步修饰玻碳电极，构建 DQ 检测用的电化学传感器(Pal/Super-P/GCE)。该传感器在 0.00050~1.0 μM 的

线性 DQ 浓度范围内表现出超灵敏的传感检测性能，检测限可达到 0.1514 nM。当应用于检测河水、马铃

薯和黄瓜中的 DQ 时，所构建的传感器的回收率范围为 95.6%至 100.3%。如此优异的 DQ 检测性能主要

是由于 Pal 和 Super-P 的协同作用。Pal 具有高吸附能力和优异的生物相容性，由于其优越的离子交换性

能和表面丰富的 Si-OH，可以为 DQ 吸附提供许多附着位点。具有珍珠链状结构的 Super-P 有助于形成相

互连接的导电网络，从而促进 Pal 的均匀分散，并弥补 Pal 导电性差的问题。 
 

 
Figure 3. Fabrication of the Pal/Super-P nanocomposite and its application for 
the electrochemical detection of DQ [26] 
图 3. Pal/Super-P 纳米复合物修饰的传感器应用于 DQ 电化学检测示意图[26] 

4.4. 炭黑纳米材料@MOFs 复合材料 

炭黑纳米材料@MOFs 复合材料是一种将炭黑纳米材料与金属有机框架材料(MOFs)复合而成的新型

复合材料。炭黑纳米颗粒的加入可以改善 MOFs 的导电性能和稳定性。在电化学传感检测领域，炭黑纳

米颗粒@MOFs 复合材料能够展现出独特的优势[6] [13] [15] [22]。Jin 等人通过水热法合成了一种高催化
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活性的导电铜基金属有机框架(Cu3(HHTP)2)，并使用炭黑 Super-P 进一步修饰 Cu3(HHTP)2 获得功能化集

成的纳米复合材料[6]。将该复合材料用来修饰玻碳电极，构建了一种甲基乙二醛(MG)检测用电化学传感

器(Super-P/Cu3(HHTP)2/GCE)。由于 Cu3(HHTP)2 的催化活性和 Super-P 的增强导电性，所构建的传感器

具有较宽的线性检测范围(1~500 µM)和低检测限(0.0275 µM)。此外，该传感器已成功应用于牛奶、啤酒、

尿液和人血清样本中 MG 的测定，回收率范围为 91.7%至 115.7%。 

5. 结论 

炭黑纳米材料凭借其独特的结构和性能，在电化学传感检测领域展现出巨大的应用潜力。本研究探

讨了炭黑纳米材料增强电化学传感检测性能的基本原理，揭示了其在电化学传感器中的关键作用机制。

通过介绍多种类型炭黑纳米材料(VXC-72R、Super P Li、科琴黑、乙炔黑等)的研究现状，可充分了解不

同种类的炭黑纳米材料在电化学传感检测分析中的应用优势。此外，本文还详细综述了炭黑纳米材料与

碳纳米管、石墨烯、纳米黏土、MOFs 等形成的复合材料在电化学传感检测分析中的研究现状。这些复合

材料结合了炭黑纳米材料与其他材料的优良特性，实现了性能的协同增效。尽管炭黑纳米材料及其复合

材料在电化学传感检测领域已经取得了显著的研究成果，但仍存在一些挑战和改进空间。未来，还需要

进一步深入研究复合材料结构与性能之间的关系，优化复合材料的制备工艺，提高复合材料的稳定性，

实现炭黑纳米材料及其复合材料的大规模、低成本生产。同时，应加强跨学科合作，结合材料科学、化

学、生物学、物理学等多领域的知识和技术，推动炭黑纳米材料基复合物传感器的创新和发展，为其在

环境监测、生物医学、食品安全、工业控制等领域的广泛应用奠定坚实基础。总之，随着研究的不断深

入和技术的不断进步，炭黑纳米材料基复合物传感器有望在未来的电化学传感检测领域发挥更加重要的

作用，为解决实际检测问题提供更加有效和可靠的解决方案。 

参考文献 
[1] Wang, X., Fan, L., Zhang, X., Liu, J., Chen, J., Fan, Y., et al. (2025) Bifunctional ZIF-8/Carbon Black Modified MXene 

with Honeycomb Sandwich Structure for Simultaneous Electrochemical Sensing of Hydroquinone and Catechol. Talanta, 
288, Article 127721. https://doi.org/10.1016/j.talanta.2025.127721  

[2] Ibrahim, M., Temerk, Y., Ibrahim, H. and Salah, M. (2025) A Facile and Ultrasensitive Electrochemical Sensor Based 
on Nanosized Gold Anchored to Conductive Acetylene Black for the Detection of Phosphodiesterase Inhibitor Vardenafil 
and Its Interaction with the Antihypertensive Doxazosin Drug. Microchemical Journal, 212, Article 113233.  
https://doi.org/10.1016/j.microc.2025.113233  

[3] Yang, Z. (2024) Voltammetry for Quantitative Determination of Trace Mercury Ions in Water via Acetylene Black Mod-
ified Carbon Paste Electrode. Alexandria Engineering Journal, 87, 107-113. https://doi.org/10.1016/j.aej.2023.12.007  

[4] Santos-Neto, D.R., Lopes, C.E.C., Silva, G.P., Castro, L.N., Silva, J.P.C., Ferreira, D.C.M., et al. (2024) Highly Sensitive 
Voltammetric Determination of Hydrochlorothiazide Using a Glassy Carbon Electrode Modified with Super P Carbon 
Black Nanoparticles. Analytical Methods, 16, 6271-6278. https://doi.org/10.1039/d4ay00900b  

[5] da Silva, R., Cervini, P. and Cavalheiro, É. (2024) A Simple and Sensitive Non-Modified Acetylene Black-Polyurethane 
Composite Electrode in the Determination of Bisphenol-A in Water Samples. Journal of the Brazilian Chemical Society, 
35, e20230179. https://doi.org/10.21577/0103-5053.20230179  

[6] Jin, Y., Zhang, R., Song, X., Tong, D., Shang, H., Han, F., et al. (2025) High-Catalytic-Activity Conductive Cu-MOF 
Coupled with Carbon Black Super-P for the Rapid Electrochemical Detection of Methylglyoxal in Food and Biological 
Fluid. Microchemical Journal, 213, Article 113584. https://doi.org/10.1016/j.microc.2025.113584  

[7] Zhao, M., Liu, Y., Li, F., Han, J., Dubovyk, V. and Zhao, H. (2024) Fabrication of Highly Conductive VXC-72R Carbon 
Nanoparticles Decorated Zr (IV)-Based Metal-Organic Framework for Highly Sensitive Detection of Methyl Parathion. 
International Journal of Electrochemical Science, 19, Article 100767. https://doi.org/10.1016/j.ijoes.2024.100767  

[8] Trachioti, M.G., Lazanas, A.C. and Prodromidis, M.I. (2024) Cooperative Interaction of Ketjen Black Coating and Elec-
trical Discharge Post-Treatment Towards Advanced Screen-Printed Electrodes for Hydroquinone and Catechol. Sensors 
and Actuators B: Chemical, 401, Article 134947. https://doi.org/10.1016/j.snb.2023.134947  

[9] Li, X., Yang, K., Han, F., Jin, Y., Zhang, H. and Gao, H. (2024) Simultaneous and Sensitive Detection of Dopamine and 

https://doi.org/10.12677/ms.2025.156148
https://doi.org/10.1016/j.talanta.2025.127721
https://doi.org/10.1016/j.microc.2025.113233
https://doi.org/10.1016/j.aej.2023.12.007
https://doi.org/10.1039/d4ay00900b
https://doi.org/10.21577/0103-5053.20230179
https://doi.org/10.1016/j.microc.2025.113584
https://doi.org/10.1016/j.ijoes.2024.100767
https://doi.org/10.1016/j.snb.2023.134947


徐欣雅 等 
 

 

DOI: 10.12677/ms.2025.156148 1394 材料科学 
 

Acetaminophen at a Glassy Carbon Electrode Modified with a Carbonized-ZIF-67/super P Nanocomposite. New Journal 
of Chemistry, 48, 3294-3303. https://doi.org/10.1039/d3nj05135h  

[10] Gnanamuthu, R. and Lee, C.W. (2011) Electrochemical Properties of Super P Carbon Black as an Anode Active Material 
for Lithium-Ion Batteries. Materials Chemistry and Physics, 130, 831-834.  
https://doi.org/10.1016/j.matchemphys.2011.08.060  

[11] Crapnell, R.D., Arantes, I.V.S., Camargo, J.R., Bernalte, E., Whittingham, M.J., Janegitz, B.C., et al. (2024) Multi-
Walled Carbon Nanotubes/carbon Black/RPLA for High-Performance Conductive Additive Manufacturing Filament and 
the Simultaneous Detection of Acetaminophen and Phenylephrine. Microchimica Acta, 191, Article No. 96.  
https://doi.org/10.1007/s00604-023-06175-2  

[12] Xu, X., Li, S., Luan, X., Xuan, C., Zhao, P., Zhou, T., et al. (2023) Sensitivity Enhancement of a Cu (II) Metal Organic 
Framework-Acetylene Black-Based Electrochemical Sensor for Ultrasensitive Detection of Imatinib in Clinical Samples. 
Frontiers in Chemistry, 11, Article 1191075. https://doi.org/10.3389/fchem.2023.1191075  

[13] Wang, X., Ma, Y., Zhou, Z., Zhang, Z., Zhang, J., Fan, L., et al. (2023) Ultrarapid Synthesis of Dumbbell-Shaped Carbon 
Black-Doped Ce (III, IV)-MOF Composites for Fabrication of Simultaneous Electrochemical Sensor of Dopamine and 
Acetaminophen. Microchemical Journal, 195, Article 109430. https://doi.org/10.1016/j.microc.2023.109430  

[14] Zhang, Y., Chen, X., Liu, J. and Yang, F. (2021) Detection of Chromium (VI) in Water Using an Electrochemical Sensor 
Based on Ketjen Black-Modified Carbon Cloth. Nature Environment and Pollution Technology, 20, 775-783.  
https://doi.org/10.46488/nept.2021.v20i02.039  

[15] Sun, Y., Jiang, X., Jin, H. and Gui, R. (2019) Ketjen Black/Ferrocene Dual-Doped MOFs and Aptamer-Coupling Gold 
Nanoparticles Used as a Novel Ratiometric Electrochemical Aptasensor for Vanillin Detection. Analytica Chimica Acta, 
1083, 101-109. https://doi.org/10.1016/j.aca.2019.07.027  

[16] Xu, N., Ding, Y., Ai, H. and Fei, J. (2010) Acetylene Black-Ionic Liquids Composite Electrode: A Novel Platform for 
Electrochemical Sensing. Microchimica Acta, 170, 165-170. https://doi.org/10.1007/s00604-010-0384-3  

[17] Song, J., Yang, J., Zeng, J., Tan, J. and Zhang, L. (2010) Acetylene Black Nanoparticle-Modified Electrode as an Elec-
trochemical Sensor for Rapid Determination of Rutin. Microchimica Acta, 171, 283-287.  
https://doi.org/10.1007/s00604-010-0439-5  

[18] Liu, Y., Han, J., Mishchenko, Y., Butenko, A., Kovalenko, V. and Zhao, H. (2023) Facile Synthesis of β-Cyclodextrin 
Decorated Super P Li Carbon Black for the Electrochemical Determination of Methyl Parathion. Materials Research 
Innovations, 28, 146-153. https://doi.org/10.1080/14328917.2023.2243069  

[19] Liang, J., Song, Y., Zhao, Y., Gao, Y., Hou, J. and Yang, G. (2023) A Sensitive Electrochemical Sensor for Chiral Detection 
of Tryptophan Enantiomers by Using Carbon Black and β‑Cyclodextrin. Microchimica Acta, 190, Article No. 433.  
https://doi.org/10.1007/s00604-023-06011-7  

[20] Li, S., Tian, Q., Xu, X., Xuan, C., Yang, X., Sun, S., et al. (2023) Facile and Sensitive Acetylene Black-Based Elec-
trochemical Sensor for the Detection of Imatinib. International Journal of Analytical Chemistry, 2023, 1-9.  
https://doi.org/10.1155/2023/3228470  

[21] Javaid, S., Azhar, M.R., Li, X., Phillips, J.I., Hussain, T., Abid, H., et al. (2023) Metal Organic Frameworks with Carbon 
Black for the Enhanced Electrochemical Detection of 2,4,6-Trinitrotoluene. Materials Today Chemistry, 34, Article 
101759. https://doi.org/10.1016/j.mtchem.2023.101759  

[22] Guo, M., Li, F., Ran, Q., Zhu, G., Liu, Y., Han, J., et al. (2023) Facile Fabrication of Zr-Based Metal-Organic Frame-
work/Ketjen Black-Carbon Nanotubes Composite Sensor for Highly Sensitive Detection of Methyl Parathion. Micro-
chemical Journal, 190, Article 108709. https://doi.org/10.1016/j.microc.2023.108709  

[23] Li, D., Hu, X., Zhao, H., Ding, K., Li, F., Han, S., et al. (2022) One-Step Ultrasonication-Assisted Synthesis of Graphi-
tized Multi-Walled Carbon Nanotubes@Super P Li Nanocomposite for the Determination of Isoproturon. Journal of 
Porous Materials, 29, 629-640. https://doi.org/10.1007/s10934-022-01201-9  

[24] Deng, P., Xu, Z. and Feng, Y. (2014) Acetylene Black Paste Electrode Modified with Graphene as the Voltammetric 
Sensor for Selective Determination of Tryptophan in the Presence of High Concentrations of Tyrosine. Materials Science 
and Engineering: C, 35, 54-60. https://doi.org/10.1016/j.msec.2013.10.019  

[25] Deng, P., Xu, Z. and Kuang, Y. (2013) Electrochemically Reduced Graphene Oxide Modified Acetylene Black Paste 
Electrode for the Sensitive Determination of Bisphenol A. Journal of Electroanalytical Chemistry, 707, 7-14.  
https://doi.org/10.1016/j.jelechem.2013.08.020  

[26] Li, D., Zhao, H., Wang, G., Rinklebe, J., Lam, S.S., Liu, R., et al. (2022) Ultrasensitive Determination of Diquat Using 
a Novel Nanohybrid Sensor Based on Super-P Nanoparticles Dispersed Palygorskite Nanofibers. Sensors and Actuators 
B: Chemical, 367, Article 132142. https://doi.org/10.1016/j.snb.2022.132142  

[27] Hu, R., Mu, Z., Gong, F., Qing, M., Yuan, Y. and Bai, L. (2023) A Signal-On Electrochemical Aptasensor for Sensitive 
Detection of Human Epididymis Protein 4 Based on Functionalized Metal-Organic Framework/Ketjen Black Nano-

https://doi.org/10.12677/ms.2025.156148
https://doi.org/10.1039/d3nj05135h
https://doi.org/10.1016/j.matchemphys.2011.08.060
https://doi.org/10.1007/s00604-023-06175-2
https://doi.org/10.3389/fchem.2023.1191075
https://doi.org/10.1016/j.microc.2023.109430
https://doi.org/10.46488/nept.2021.v20i02.039
https://doi.org/10.1016/j.aca.2019.07.027
https://doi.org/10.1007/s00604-010-0384-3
https://doi.org/10.1007/s00604-010-0439-5
https://doi.org/10.1080/14328917.2023.2243069
https://doi.org/10.1007/s00604-023-06011-7
https://doi.org/10.1155/2023/3228470
https://doi.org/10.1016/j.mtchem.2023.101759
https://doi.org/10.1016/j.microc.2023.108709
https://doi.org/10.1007/s10934-022-01201-9
https://doi.org/10.1016/j.msec.2013.10.019
https://doi.org/10.1016/j.jelechem.2013.08.020
https://doi.org/10.1016/j.snb.2022.132142


徐欣雅 等 
 

 

DOI: 10.12677/ms.2025.156148 1395 材料科学 
 

composite. Journal of Materials Science, 58, 9633-9645. https://doi.org/10.1007/s10853-023-08627-9  
[28] Hu, N., Zhu, G., Li, F., Ran, Q. and Zhao, H. (2023) Highly Sensitive Electrochemical Determination of Methyl Parathion 

Based on Ketjenblack Carbon@Cerium Dioxide Nanocomposite with Pearl Chain-Like Carbon Conductive Network. 
Ionics, 29, 3781-3793. https://doi.org/10.1007/s11581-023-05075-y  

[29] Arantes, I.V.S., Crapnell, R.D., Bernalte, E., Whittingham, M.J., Paixão, T.R.L.C. and Banks, C.E. (2023) Mixed Graph-
ite/Carbon Black Recycled PLA Conductive Additive Manufacturing Filament for the Electrochemical Detection of Ox-
alate. Analytical Chemistry, 95, 15086-15093. https://doi.org/10.1021/acs.analchem.3c03193  

[30] Sun, S., Xu, X., Niu, A., Sun, Z., Zhai, Y., Li, S., et al. (2022) Novel Electrochemical Sensor Based on Acetylene Black 
for the Determination of Doxorubicin in Serum Samples. International Journal of Electrochemical Science, 17, Article 
221187. 

[31] Liu, Z., Liu, Q., Liao, D., Yu, J. and Jiang, X. (2022) Simultaneous Electrochemical Determination of Catechol and 
Hydroquinone Using a Flower-Like Ni-Al Layered Double Hydroxide/carbon Black Nanocomposite-Modified Electrode. 
Journal of the Electrochemical Society, 169, Article 117501. https://doi.org/10.1149/1945-7111/ac9b9d  

[32] Liu, R., Hu, X., Cao, Y., Pang, H., Hou, W., Shi, Y., et al. (2022) Highly Sensitive Electrochemical Determination of 
Isoproturon Based on Acetylene Black Nanoparticles Modified Glassy Carbon Electrode. International Journal of Elec-
trochemical Science, 17, Article 220676. https://doi.org/10.20964/2022.06.74  

[33] Kubendhiran, S., Sakthivel, R., Chen, S., Mutharani, B. and Chen, T. (2018) Innovative Strategy Based on a Novel 
Carbon-Black-β-Cyclodextrin Nanocomposite for the Simultaneous Determination of the Anticancer Drug Flutamide 
and the Environmental Pollutant 4-Nitrophenol. Analytical Chemistry, 90, 6283-6291.  
https://doi.org/10.1021/acs.analchem.8b00989  

[34] Luan, F., Wang, Y., Zhang, S., Zhuang, X., Tian, C., Fu, X., et al. (2020) Facile Synthesis of a Cyclodextrin-Metal 
Organic Framework Decorated with Ketjen Black and Platinum Nanoparticles and Its Application in the Electrochemical 
Detection of Ofloxacin. The Analyst, 145, 1943-1949. https://doi.org/10.1039/c9an02575h  

[35] Thomas, A. and Kumar, K.G. (2018) Acetylene Black-Chitosan Mediated Electro-Oxidation of Serotonin and Melatonin: 
An Efficient Platform for Simultaneous Voltammetric Sensing. Ionics, 25, 2337-2349.  
https://doi.org/10.1007/s11581-018-2652-x  

[36] Jin, Y.F., Ge, C.Y., Li, X.B., Zhang, M., Xu, G.R. and Li, D.H. (2018) A Sensitive Electrochemical Sensor Based on 
ZIF-8-Acetylene Black-Chitosan Nanocomposites for Rutin Detection. RSC Advances, 8, 32740-32746. 

[37] Ibrahim, H., Temerk, Y. and Farhan, N. (2018) A Novel Sensor Based on Nanobiocomposite AuIn2O3-Chitosan Modi-
fied Acetylene Black Paste Electrode for Sensitive Detection of Antimycotic Ciclopirox Olamine. Talanta, 179, 75-85.  
https://doi.org/10.1016/j.talanta.2017.10.036  

[38] Kane, S., Storer, A., Xu, W., Ryan, C. and Stadie, N.P. (2022) Biochar as a Renewable Substitute for Carbon Black in 
Lithium-Ion Battery Electrodes. ACS Sustainable Chemistry & Engineering, 10, 12226-12233.  
https://doi.org/10.1021/acssuschemeng.2c02974  

[39] Yi, Y., Kingsford, O.J., Ma, Y., Wu, Y. and Zhu, G. (2020) Simultaneous Electrochemical Sensing of 1-Chloro-4-Nitro-
benzene and N-(4-Hydroxyphenyl) Acetamide Based on Nitrogen-Doped Carbon Black. Microchemical Journal, 159, 
Article 105346. https://doi.org/10.1016/j.microc.2020.105346  

[40] Zhao, H., Chang, Y., Liu, R., Li, B., Li, F., Zhang, F., et al. (2021) Facile Synthesis of Vulcan XC-72 Nanoparticles-
Decorated Halloysite Nanotubes for the Highly Sensitive Electrochemical Determination of Niclosamide. Food Chem-
istry, 343, Article 128484. 

[41] Feng, J., Deng, P., Xiao, J., Li, J., Tian, Y., Wu, Y., et al. (2021) New Voltammetric Method for Determination of 
Tyrosine in Foodstuffs Using an Oxygen-Functionalized Multi-Walled Carbon Nanotubes Modified Acetylene Black 
Paste Electrode. Journal of Food Composition and Analysis, 96, Article 103708.  
https://doi.org/10.1016/j.jfca.2020.103708  

[42] Deng, Z., Li, H., Tian, Q., Zhou, Y., Yang, X., Yu, Y., et al. (2020) Electrochemical Detection of Methotrexate in Serum 
Sample Based on the Modified Acetylene Black Sensor. Microchemical Journal, 157, Article 105058.  
https://doi.org/10.1016/j.microc.2020.105058  

[43] Fernandez, M.G.C., Hakim, M.L., Alfarros, Z., Santos, G.N.C. and Muflikhun, M.A. (2025) Nanoengineered Polyani-
line/Carbon Black VXC 72 Hybridized with Woven Abaca for Superior Electromagnetic Interference Shielding. Scien-
tific Reports, 15, Article No. 14548. https://doi.org/10.1038/s41598-025-99521-8  

[44] Liu, Y., Guo, X., Gao, X., Wang, Q., Chen, L., Shen, Y., et al. (2022) Spray-Drying Fabrication and Characterization of 
LiTi0.05Mn1.95O4@VXC-72R Composite Microspheres as Cathode Materials for Lithium-Ion Batteries. International 
Journal of Electrochemical Science, 17, Article 220771. https://doi.org/10.20964/2022.07.72  

[45] Zhao, H., Hu, N., Xu, R., Liu, H., Liu, J. and Ran, Q. (2020) Spray-Drying Synthesis of Limno2@vxc-72r Composite 
Microspheres with Excellent Electrochemical Performance. Ceramics International, 46, 21805-21809.  
https://doi.org/10.1016/j.ceramint.2020.05.256 

https://doi.org/10.12677/ms.2025.156148
https://doi.org/10.1007/s10853-023-08627-9
https://doi.org/10.1007/s11581-023-05075-y
https://doi.org/10.1021/acs.analchem.3c03193
https://doi.org/10.1149/1945-7111/ac9b9d
https://doi.org/10.20964/2022.06.74
https://doi.org/10.1021/acs.analchem.8b00989
https://doi.org/10.1039/c9an02575h
https://doi.org/10.1007/s11581-018-2652-x
https://doi.org/10.1016/j.talanta.2017.10.036
https://doi.org/10.1021/acssuschemeng.2c02974
https://doi.org/10.1016/j.microc.2020.105346
https://doi.org/10.1016/j.jfca.2020.103708
https://doi.org/10.1016/j.microc.2020.105058
https://doi.org/10.1038/s41598-025-99521-8
https://doi.org/10.20964/2022.07.72
https://doi.org/10.1016/j.ceramint.2020.05.256

	炭黑纳米材料在电化学传感检测分析中的应用研究
	摘  要
	关键词
	Research on the Application of Carbon Black Nanomaterials in Electrochemical Sensing Detection and Analysis
	Abstract
	Keywords
	1. 引言
	2. 炭黑纳米材料的电化学传感检测分析机理
	3. 炭黑纳米材料类型
	3.1. VXC-72R炭黑纳米材料
	3.2. Super P Li炭黑纳米材料
	3.3. 科琴黑纳米材料
	3.4. 乙炔黑纳米材料

	4. 炭黑纳米材料基复合物在电化学传感检测分析中的应用
	4.1. 炭黑纳米材料@碳纳米管复合材料
	4.2. 炭黑纳米材料@石墨烯复合材料
	4.3. 炭黑纳米材料@纳米黏土复合材料
	4.4. 炭黑纳米材料@MOFs复合材料

	5. 结论
	参考文献

