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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. 53|

IR B BHE — P BB AR RCIR AT RL, HIEAR G 2 AN GOR R ER A B BA R, X
SO SRR B T — R A KRR 2 FLE M R, AR T RIFIRMTERE[1]-[5]. Shob, &
ALK R R AR S rERe, AR E NS 1S R BRI RE 8 TE B = 5 FRR X 28 45 44
MITAEAR A . . A S R 58 L RME A [6]-[10]. Relad, IR SRR IURLAE HI AL S A% A il
ST A 2R B, SRR PO AR AN 22 AL 45 #) R A% 1 5 A Sk e BRGS0 P R B e
73, M3 A A M R 11]-[17]0 Xk, RIUFHS B REA R T S B A i e Az, 14 i fb 2
SN E AR, B TR T AL 22 A% s R W N FEE[18]-[21] 0 BEAE, IR BAUKABHE BA AR BIRE
Gy TSRS, 1% AR F A A S T 43 B AT ) )32 L PSRt T Ok

N T SRR AR R I R, R BYURMRL S ARG DI Re M B A, il DhRe LA I gl
KA PIIERGR O A A I 53 A AU ) — /> S5 BERE 5 7 1) o AR A T 4R IE ORI ST R [6] [7] [11][13]
[15] [22]-[26], ¥ BYORMELS HALThREMEM BLBR PR E . A5 99KE 1. MOFs )T R &,
AT AR &L P RIS AR, SeBl s Ak 22 A A DU PE RE R 2 25 4R, il 1 B R BB KM
BHEBAPKE RS, FTUARS RIS AT S A R 5, 5250 0 s o e o AR
REGPE[11][22][23]. R BB A 805 5 6 7T DU — 20 B35 BCE 90K Z & M RHE 5 A LR 14 BE
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HET R E AL A AR e AN R ME[24] [25]. BEAk, R EYUKRM B S 90K S + . MOFs 25l & gk 2 &
MORIAE L A R A P S B T T2 N, BB T RIFRI R A RTS[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]
[ 1. GCNTs@SP-Li/GCE & BB #R 4R %5 & H 1SO 1% Bt MR = E[23]

2. IR R R R AL AR BAR T ST AR 1L IR

R FR AR PR MRS P 235 K R E BEAE AL "2 A% A 0 A b A P LM A, A% A 2
UL EEE R LU =T B, RBHUKM B ARG B 2 D GOR R A S8 R4 TR
EEREEIRG M BAT KLU R IR 2 FLA5H, X RENS 78 A% & B AR T A D0 o 408 (= o AR PR A6 25
A Bh T4 i A 8 A AR TR R A A P 8 SR RE [ 18]-[21] [27]0 LK, IR BEGRAARI PR H R 1 B2 SR AR
LR BERS TV R = 4k TLER (175 5 FUBR M 2 45K, REMS AT Rt 1k ELAr A, PR ARAR IR 5 ARV 2 D )
T R R, 42 % B AR 10 5 RPN A 1, A B T iR A SR F ARSI ) A A T SR BB E[28]-[32]
UEAE, 5 SRAKAPRRE B A — SR (R 2R T 1R R AN S 1, AT AL S A% e Tl R I e b 5 e 4
MEAER, SZELE ARV R P& BRI 18] [33]-[37]. 7 BERMZ, K EYPRARIE AT LS HAh gk
MOBME SRR SR A S5, 7 2 P R R RORRE, X RE 0 — 0 1 i . A S A G 3 A PR RE 23] [26]

[38] [39].
IR EEYRM R E L VXC-72R. Super P Liv FIEEHE ., Z BRI X IR B EMM R T

HIPERE DA R AR IR 7 A BT ANl . VXC-72R I LR TR — e B A &, nlfEm REBvR
A TG WU . P R A% B LA FH( 7] [40]. Super P Li PRI K 7 Fp 1 RES ORI AL 90 4 RS IIRR S, 7
2 A AN o i TS R AR MRS NS Bl o B TR B v LU AR T AN — i LR AR, T A
JERAST I e SRR R], AEUHLBR S BE AR RS Rl IR ANZA R I 25 WIAR B P 15] [34]. ZH BT VAN 2,
{EHRAZA R AR, G BT SC AR B BB A 7= B FH[35] [36] [41] [42].

3.1. VXC-72R R ZBAKM

VXC-72R B BRGUKFPRERE —Fis b o 1) R 8, HA R S RE . RS AR A 7 & AR
BRI B S OIR, BERIARBOR, RifREUh, HoJing, BHEEL, EHAZNIEHE) 2

DOI: 10.12677/ms.2025.156148 1389 ey PR


https://doi.org/10.12677/ms.2025.156148

TRCHE 55

JSLFH[40] [43]-[45]0 FEHLA AL AT BT, VXC-72R IR FBGURARE T3 e % 8 25 1 5 FLE B ARG B
REZT, HESEXT H ARV AR I R B . Zhao S5 N R a7 B AT 28 A0 P 0 B SR 1) 26 1 VXC-72R 40K
RURLREHME 18 2 R A WU E 2L G, Wl 2 BoR[7]. VXC-72R R KL T BT RAFA) S HUPERERT R
TFR) B, W] BLS R O B AR S Ll IE . BBAh, VXC-T2R GUKKL T B 51N AT A ROt iR kb
B AT L R T A A RE o PR A ) LA S A SRS AT R 1) MIP AR R, AS I PR AT 3K 3 1.35 nM
(L MP IR FEVERE: 0.01~10 uM)o 4] FAREIER I FEAH 19 MP I, 32 4% B ES S 7R w252 1 [l icR Oy
96.00%~104.67 %.

VXC-72R UL0-66 /) VXC-72R@UIO-66
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Figure 2. Fabrication of VXC-72R@UIO-66/GCE sensor for the MP
detection [7]
2. VXC-72R@UI0-66/GCE f& Bg82H 3 R H MP &M/~ EE[7]

3.2. Super P Li R BAKAR

Super P Li B BRAAKIEE — P PERER) T R RR, BBV R BUR A= AN e (1 LR T AR, ok
FLAE AL A AT T B AT I R 5 o 2D RHIE 7 (K S HL PR RE AT LA Rt e i A A K e 2 3, B
AU PR 5 FRAPR VR B (e Ak FELBEL, AT 496 5 A2 R FR R R T LA 2 SN PRI R [6] [26] [43] JE4FER,  Super
P Li B ABRAUKPEHE R 2 A% AR (N 32 3 BRI 199G . Liu S5 NERT g-PRRAS ThREAL 1
Super-P-Li % AR EHMEMBRR HIbl, %8 1 — Pl B MP A T AL S AR R AR 18], B m AL oA
PERIARK) SPLCB R AR ) S Rk, XA TR L v 3 F R P 28 58 . p-CD TIREAL AU RT LA
fieidt SPLCB (42 70k, & w] LAt — D si R Bl R Xt MP 2> IR 4£6E 7). h4h, SPLCB 47
FERTLAGRAD B-CD HL G FRARII GG . ERESLIRARIF T, SPLCB Ml g-CD HIBM MG R AE S T & ks
v R MP AT IIVERE . BEAh, AR ERIE B T30 30 h AR MP BRI 4 -

3.3. BIZERYKHR
L EE YK TR —Fh B G R R G I A ¢ R AA L, TR LU ) SR A 22 S AR T S B8 T 1 i 30
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T R S R o AZAPRLE D R IR S T LR E R TR, A R R AL B AR S R AR S T Y
BEL, T4 e R Ak 255 i I T v P AR R T 1) FELTRT A 3 R [8] [ 14] [28] [34] - Zhang 55 N @il i 75 i1 /- Ukt
ERBAUKAEL, SRE IR B AT AR b, RAR T — Fh A RS I AL AR RS, SR T AR
T Cr(VD)[1 i R I[14]. BFFTLE R, (B AR B iz fe 05 B 35 0 0, X F AR

RIEZRAF S HMER. M, BEERYURMEN K R AR FLRFIE R 0% 1 5 A% 18 Ml 3 TG A
W E RS ) o FERESEIR 4 N, AR AT I Cr (V)38 S5 6 FE S FLAERE b (1R BE 22 TR 1)
K F o ORI R S HIREAE 0.025~57 uM F1 57~483 M S Hl A & BIFHIME R R . GRS
HPRPTIA ] 9.88 nM (S/N = 3), o AR 57 1 B 43 25 7 Rl M R

3.4. TRBHKME

LR IR BRI R —Fl B S A B A Ve R TR B, B i, (R S E L AR R
()5 FL P AR I [17] [30] [35]0 HokiAR . ELERTHARR, RMHEAL, SME AL, XM HAE R
I PERE . 7E SN A, R BRI BE A AT M B T B RE, A B T8 b2 AR K
IR BUEELS] [20] [24] [25]0 Sun 55 ANK:T 2B BBAB BI3RK FO T T — Ff B 25 2% AU FH R A 2 A T
AR[30]. FEREFRMT, PR IEEIRRIH A N EREME. nTES AR EM. thoh, RAEME
R AL AR BRI G R, B P8 R LI OR, B85 2 10 i Ak 25 A% ik LB AN g O, i B 3%
HABIF MG KR, BIFRAAR] 3.006 nM. BEoh, KR B4R A% FH T I35 B A B 25 2% 1)
SERIHT, BRI A N R R R .

4. KEBRARMREE SMERNLFERBREN SRR B

I FH R ] £ = DD 3R AR di A R LiMing Oy IERRADRINS, 75 B335 3 10 ] A s B W o [] IN 75 22
HERZ, AFAPARIRU MnOs. MnCO;3. Mn3Oq. MnO Z5) B AN A (S5 MRS, R HLAE R AR s
Wi 2 AR i A1 2 LiMno Oy IE AR 22 3R H A [F] B B A S M RE[25] [31] [38] [42]-[45]. [Rltk, fEH&
BRI AT LiMnoOs IERATRI, R [ AH s B 3% 6638 1R -

4.1. RENARM B QBRBKELEMH

IR BAK R @Bk 9K & B A VIR 456 R BRI BB GO E L RAeME, 35 256 % i 9]
UL, PR EAN11][22] 23] —4E 2S5 M BRGIKE AR BAUR TR 19 5 & Rt R 5 i AR
FHIPFEIBAER, PR B R S . BAE, R SBAKRE B TSGR B K
Gy RGN, R AMEWEREIL T8 —H ), 7 LA BN FH R I A (A o A M RE . Li A
T I 1 SR R P U A B SRS )45 T SuperP Li BRAUOKBURLAA 2240 2 BEBR 9K 2 A5 M BHGCNTs@SP-
Li), FER-TABMBEK A & GCNTs@SP-Li 99K E AWML A, SCILR I EISO) M iy R B [23].
%} T GCNTs@SP-Li 49K B &R 2L GONT Bt W RS, X H BT 1SO KTl s 4£9F
TR LR VSIE . BEAL, GONT R m A SRR T AT R A1) S fi % . GCNTs@SP-Li 99K H A 44
BHEHIE S LR M B 405 T r AR MEE R, AN SB35 I 1 A i R B 2. GCNTs Al SP-Li
HZ DhRESERSE L T GCNTs@SP-Li/GCE A& a8 0} 1SO i R BRI . A, 245 B 45 I 52 ] /K AN [ Sk
I ISO BRI H A A = B

4.2. KRB B@AEHESMHE

ARG IR0, SRR RGP, SREBMRBKRE SR, w2k
AR T PEREATIR PN PERE . E FO AL A AR BAGI UE,  R SRAKR BN @4 S84 B A M R 2
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TR AEY 77 TS BB i b A E Y BS524] [25]. Deng 55 N H] S SE A SR 409K
SAEMBHME BRI B, #5887 —Fh G SR (Trp) ko U FH FEAL 22 AR I AR [24] . BT SR RE T KRR
REVETERL AL, B AR Trp MR SR R R RIER, IR REF RS 1B Trp MIE(E
Hi. 7E 1.0 M HaSOs 11, (R AN SRR (Tyr) (1 AR 22 Wil SEAR LF 3t 73 PR AN AN [ (¥ 06, U i (7. 22 (AEpa) Ny
115 mV. TEMRAIEAET, AR e 2t 1 U F it 5 HORFEAE 0.1 uM & 0.1 mM 3G Y BUELL,
KR A 60 nM (S/N = 3),

4.3. RRARMB@AXRFELEEMH

R BYUKM B @K 15 A MR AL AR sl p B B 3A . R BT AR 1) 5 e T B
I HAR ST LR, IR A%, Mgk E LRe W R (4 & S AL AL, S PRI AL 3 Bh T3 s el
ZEAE SR [26] [40]. ST 2B E SR, AR BE BB E AMEHG S Bk, e AR %
AT TR, SIS H AR B R R . Ak, R AR R L AR ERRIR) T, AR
T FEAR AL A AR A O AR PRI AR . Li SE NFRH T —Fhfai o ARAAS . w] 7 8 75 i B SR s
F T4 Super-P #¢ BN K B0k 4 B V] B 45 (Pa) A K LT e S A bR, W 3 FToR[26]. %8 Ak ki
— AR R, R DQ A 1) Ak A% 25 (Pal/Super-P/GCE) . 1A% 45 7E 0.00050~1.0 uM
LR DQ R Bl A AR I H R AL A U 1 e, AR AT IAE] 0.1514 nM. MR TR K . B8
ERIEE N ) DQ I, TR AL 2SI BISCRIEH N 95.6% % 100.3%. WILAR /) DQ K&l 14 g 3= %
5T Pal Al Super-P HIHHFEIVEF . Pal B A w68 )AL T I AE AR A, T 0B ) 25 7 A8 e 1
REFNZR N (¥ Si-OH, 1J LA DQ W Bt SR b vF 2 FiHE A il . B 2 EREEIREE 1) Super-P A Bl T2 iiAH
HERN S ML, WGEEE Pal FU¥ 2108, FERAN Pal S H I 22 ) 1] R

Figure 3. Fabrication of the Pal/Super-P nanocomposite and its application for
the electrochemical detection of DQ [26]
3. Pal/Super-P ZKE E4MEIHVEREI S AT DQ BILFERNREE[26]

4.4. KERAKXMB@MOFs EEHH

BRI B @MOFs B RHZ — Rkt 5 BRI RL 5 & I8 A7 HUHEZEA L (MOFs) & 451 Bl 1 7 7
HEMEL KBAKBRLI AT LAGE MOFs (13 HUPEREAARE VL. £ AL AR A I 458, % RN
KRR @MOFs B G RHRENS I ARFII (6] [13] [15] [22] Jin S NBRKAGE BT —FlrsfiEdl
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T 1) 5 HL A B A HLAE L (Cus(HHTP),), FHAE AR B Super-P #— P21 Cus(HHTP), k43 D) REtb4E
K E EREH6] . K% E AWM B RSB Bk, 5 1 —Fh B AR £ (MG kil A FEAL 2 A Jk
#5(Super-P/Cus(HHTP)»/GCE). HiT Cus(HHTP), AL EANT Super-P (M50 T LI, ITal) P A% k2
LA 8 58 i 2R MG I Y B (1~500 pM)FMEAS I BR (0.0275 uM) o b4k, 245 8 8% B N T4 5 . iy
PRGN MIEFE A MG 5E, BTN 91.7% % 115.7%.

5. &g

IR B EHE A HMRE R A5 AN PERE, T8 FEA 5% Jkar ) A0k e I tH R B S 770 AT FUAR
W7 IR BRGNOKAA LI i AN AR SR U B ) B AR B B, R T AR A 2 A B T IR DG B F LA
A2 PR IR BB KA EH(VXC-72R . Super P Li. BIEEH . Z b BEKBF IR, I 7820 T A
[ 2 1R e SR A KA R LE FELAK S A% s U 2 AT AR IR AR 35 o bAh, ARSCOEVEANZRR T R ByrkAkl s
AR . RN AUKEE L. MOFs 288 B 526 ARHE R AL 27 A% ARSI 43 A b B RIE TR BIOIR . IX 285 5
MRS A T R B RS HAA RO R, SCIL T MR RIS k. R R BAKM R R LB A
B AL AR A M A0 2 IS 7 B35 AR T U, (BT — Se PR AN gt s B] . Rk, IO R
B BRAARE G R SRR Z F R R, A EMEINGI& T2, RaZatpfaett,
SR BEGURATRE B G A MPRH I, RRAR A= R, ROsREsFRHG1E, SaMeRE. 1

R WIEREEE 2 U AR AEIAR, SR BEAOKA R R S AR R R R, NI
ﬂ W AR A, TS Uiz B B8 e RS Bl . Sz, BEAE TR TR
NFHEARBIARWHES IRk BRAORI B IE ST G A% IR AR A SR A A SR 1Y) PR 27 A JBRG  A0 ek i 47 5 o 2 2 1)
YEF S Do Sz oA (vl R (AL B 0 R0ORN R SEFRIAR DR T 28
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