Advances in Analytical Chemistry 73 #T4L % HERE, 2025, 15(2), 276-286 Hans X
Published Online May 2025 in Hans. https://www.hanspub.org/journal/aac
https://doi.org/10.12677/aac.2025.152027

TRIE R BRI & FEHARME LR E
S Ak N <SRG R FH

EAR
W ARZCRMERA R AR B, IHR Z56

Wk H . 20254F4H 290 FHER: 202545 H21H; &4 H: 20254F5 300

HE

4E, SREAELHESVEGMBARESR, FEBRERTRE. HE. TRENREES. REM
BB BBARAE R — T X IR R & 7 i, Refs ) BRI s B 3 T5 XA RRAME R I FOT R A 2,
HTSEEL S BRI %, RTINS R W) FRRER. RGP
HAkr AR RE A ThRERRME, FEAEMD. 3R8E. RBANERNTRKEEERIER . HREMES
FRBIAR ML T3 EEAURARL ] %8 Bt — P A BOAR B R AL 5 . A SCETHEE T PR
BEAREFRPAKMRE B RIS, HFRALDSE T RHEIPRMEERNTIRIN A . EETAN
BWANBAREKFD, POEBBEAR G RS YUK RSN A TRUFIRE RN, ERARFSER
EARR.

XK ia

RIEMBE AR FHIRME, BT, SFEAT

Preparation of Conductive Nanomaterials
by Fast Microwave Technology and Their
Application in Analytical Detection Field

Chunfeng Wang
Physical and Chemical Laboratory, Shandong Shouguang Testing Group Co., Ltd., Shouguang Shandong

Received: Apr. 29", 2025; accepted: May 21%, 2025; published: May 30", 2025

Abstract

Currently, the world is experiencing an industrial revolution and technological innovation, while
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China is actively practicing the concept of green, clean and sustainable development. Rapid micro-
wave synthesis technology, as an emerging material preparation method, enables to utilize unique
electromagnetic heating to effectively compensates for the shortcomings of traditional heating
methods, and then realizes a more uniform and efficient material preparation, which demonstrates
a broad prospect in scientific research and industrial applications. Conductive nanomaterials play
an important role in biological, environmental, food and optical detection due to their unique elec-
trical properties and multifunctional characteristics. The application of rapid microwave synthesis
technology to prepare conductive nanomaterials is expected to further accelerate the development
of detection technology and industrial upgrading. This review provides a comprehensive overview
of the unique advantages of rapid microwave technology in the synthesis of conductive nanomateri-
als and systematically summarizes the applications of conductive nanomaterials in the field of de-
tection. With the deepening of research and technological advances, the future of rapid microwave
technology for synthesizing conductive nanomaterials and applying them in the field of detection
will be brighter and worthy of continuous attention and exploration.
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TR, FRAKM BRI M GRS, RIEEN 2 DhREMESER i, EAMEY: . RIEAH 55
e S AR} 55 BT USRI BRI 71, 323 T2 RIE-[3]. Rl AR iR, T gk
MR A BRI A BT 77, HoaT TR s PERE AU IR AR . ORI . LA R IR AR A [4]- (6]
Bt S ] R SR B IR A JE 3 FANOKOP R} AR e RO B A AE FRON T FE AR o BRI FRl 15 P
AR — PR I S A 22 SN IR [ 7] AL TR GG R, JLREWS W] B FRIRREAE . 4%/
JSEESR], FEA EE SIS AR A [8]-[ 1] ASCERIR T PR & MUE AR TE T LKA ]
P AYSERRR A, DUBION S R GOR AR J5 SRR U 1 B M TSR AR S S %

2. RIBRRE BRBEARNELRREMRS

T A — R RENS i RE R FL AR G, HLBURIE R AE 300 MHz 3] 300 GHz Z[A]. fERIE A it 2
T, RS IR R S G T R, IR A O, T SEEL S KA R BRI A 5 [12]-[15] B
IR AR 32 ZECLAH AR AL RN 3 FU RSN AN B 5 A R AR LA FH[16] 0 A A 202 5 1 Bl 6 1
T MBI T R I I T AR S, NI AR I . AN AR ST AR S B AT 5
AR TT A RE S S PR R TR [17]. 3 AL RN A H s RE SR 3 T B i T PRI B,
IAEAL A 0™ A2 AR [18]-[20] 0 TRlip 51 A IX A 3 f AL RAE T L GUKRAT R & b JC N [ 21]-
[24] Tl S AR A LA A OO T SeB SR MURT b R, P 22 T A DL R BE Tl IR &
REE AFEM R B BARFE R T AN, R R P IR IR AR [25].

BT RGN G BT, PR A BRA Z RS, BRI 1 Fos: (1) RBGERP R RT:
TN A AR RS (58 25 5 R S NN (), 33 T A8 L3 B A SE B, G i 5 RO 2 I e B0 i B 2 ORI/
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7, MRORHBER @ T A (261, (2) Br=E: ZHORAENS BRI N IR, AR T AR RS
T HEAT, HETTSEOUE F RN AR [27] 28] (3) mnikdEbE: iZBORBENE SCHUE S ST A A, b
T AR FE AR R R, A R T BN AR AR JLER[29] [30] (4) MBEA U 1ZHRAEAGE Rk
17, RERICT REEEFE, JF HAE SCILOIERIPUR Y, FF& 4 (T FFa R R FLE[31]-[33]. (5) 2T
REVERI ZRENE: ZBOARE T ] Bk R N B8, R SRl 2 M E SR B BT A, B
TN FH AU [34] [35].
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Figure 1. Advantages of fast microwave synthesis technology
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3. RIBWR S RBEARBESFEARTHNEETE

PRIZE B & B AR 2% 5 AR AT R R I R BRI AN, W 20 (1) MG SR ik
FEER RN ER, B aEeEE . B AR AL PR AL [36]. X T AR E, %
T SIS IR S I [37 ] BRSBTS RSE, U TR S R 51 3 B A G R . (2) AT
TR SN s R SN2 BB T A S5 N 88 it N i e o e o 8 i e 6 AT 1) SR R B 4 ) 4
BLEE[38]. (3) FHAKMEIE L. RREMBIRS TR BAYE TR, FFA LT HI S RB[39].
KRR BAZ A A, HORSE S TSR 2 R mT 3 o 1 8 S S (] L i BE AN SR8 U A S HOR AR 1[40 (4)
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77 A AL EEAN R RE[41] o
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Figure 2. Main process of fast microwave fabricated conductive nanomaterials
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4. SEYREFER T S B R
SR RAEA TR A N B 43T 2, RRRREAY. AR, SREAE SR, WK 3 PR
4.1. S48

SRR RE R L H & SR AR, A5 % b B [42] [43]. B R B 2 E B T RE
EREFER T RAESM, AR THER SERAY S5 RERDHE RN, FH-ENERES
S R i IE LE[44]-[47]. BEAh, —U8 S HGRM R ENS SZEL DNA A A A [48]-[50]. SHEYN
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KA EHER S5 DNA 808 [ 5 R A A0 BAE H sl E AL 5, sl DNA 2438 fE [ RS & (51] [52]. WF9E
KB, AT I LSRR R T 2R AR A SR ) 12 ) 5t DNA FIER 15 IR A7 CE IR B2 [53]-[55]

Figure 3. Conductive nanomaterials in the detection field

3. SRV RN U N A

4.2. Sk

S HLGN KM RLRES S U E R B WL DL AR i, ZEERRAVCKE . &8 S gk
o7 8 6 R AT WL B A B G A S 1 RE[561-[ 58] 24HE R A WL 23 T W I 78 FL R T B, 228
B PS5 R RN S, AT A A% S ) e BEL i AR AR Ak, R 3 o L AR A 2 8 A I3 M A WL R R S R ik
FE[59]1[60]. Flhn, ERMPREE 2R, HIRSA NIRRT, BRNKE ISR B g 2 I H B 1) R A
AR FENE[611-[63]0 7E TAVRAHTBEI b, FFH -5 eE g K R AL B8 T SR AN — UL ik . FREE . W
S ESARIIIRE[64]-[67]0
4.3. ESE

— L S YRR R AT BRI . GIK 5 AT T A A AL A BB KA U A B R ) EE 4R T4 68]-
[70]. 3R L F HAS Mt € 0B BE sl ik, L 5 E 48 B T R AR T 45 & ok S g KA R
AALIE JE B A BRI N, AT SEELT 4R B TR A7 1] B, A SRS ) AR TR
HA RIFE B REE, AT H TSR R & RO 72] [73]. S HGUKM R BE SEELK AR+
BRSPS U, PR M AUE B R AL T — R B[ 74] [75]
4.4. BRETUE

S R A R AT TR R R EY R BUE IR [76]. B, B S H S Sk R ) A
b2 AL RS, ARG 2 Fh i iR R, LU &R E P, REHM77] [78].
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5. BRIRTUR A BB EE T B KA Y R AR SR Fn SeBras i e A

A B 2 PR LK BERL BT, LR R TSRS F 2RI S T 3
ARSI . X5 APKBDRHE (FRIAE AT B RO B A . SIDREITRIIE R, R s
SR T S A

5.1. SEARM RIS

PR R RSF AR (U320 73 BSR4 5 FLAE RERN S L 3 DIAH O [79]-[81]. VNIRRT A
T 5 5 5 e A EE SR T AR AN FE BRSO BEAL PR 5T, XA AT 48 50 5 AR A RE AL AT B 3% 3 07 T
RIDCERPE[82] [83]. [RIM, 495370 BRI T R AN AKIIORL BE 08 T2 B ST R 0 2%, T ZR AR 1) 5 ALK
RLIU AT e 516 5 HO@E B R BT, AT A 5 LM [84] 0 AN TRJ 4R B2 1 Kb Rk B A AS [ f 5 i DA IS 1 F 3
e, AHREEE W 1.

Table 1. Summary of the characteristics of nanomaterials in different dimensions

1. TR RS R

GBS A
FUIAMEL  GORBRL, BT A WERIAE. W8, E TR
THEAUKRAOEL AREL. AUKE mREL. mSHE. S HRdE
2 S Zy s L S e PEAR AR . Rt R S
ZYEGURARE GORE AR PRGOS AT B

WEFCAR DL, PR 5 AR BE WS A 2% 1 T P AN R ORL T RS AN 7 BSORE P o e 3 5 TR
Sk R DA RN 8], AT BARAG AN R RELAR AN oKIORE . e O D R e S BUE DRI NG 22, AT sk
SNBERE, BB TPROE Y TR . B, 7E 400 TR DI, SRR TEA 10 238, B & i
SEAUKBURF SRR 22 9K, IF HISA) 50 8(85]. RIS, X b PR N #4 T i S SURURL I RS I N R
SN . ISR BRI 5 DNA AHEAEH, JFoe e m 22 ae, BE AT DNA AR . HAAT S,
SRR AE L 5 DNA BBRAE O Bt LAE 4 17, 24 DNA RARAS NI, S a0KR 7 1 JAR
WA, SEUFBKBEME SR RERN, DR TIHAAAERIREE . G0, 756 R e 98 Kok
I, SN fap Th &R 2 B BUBRL RS s/ F B HR A (86 AL BN — ALl Btk EA HURRA
TR L2 N . 2 RS &R E A AR BUR R T A AR A2 OB, 2 S B0 i B B 7 45 2
SHORAARN, VIESEBUS A R DA I . 15 WS, A FYEEE B9 KA R 7 AfroAS I e A 4
EAFMEM, MR WAE 20 LRBTFUIE NI HRIERL A B A BE 05 A IR S 56 B AT 18] A Rcds
) LARARL K LR, AT S M R 25 (K T URFAE

5.2. SHEARMRE SIS

AR R LR i A R R R B MR . H, R AURAIRE T KA R B
WOLH Sy 22—, L RATRIER TR RRE . AESEBR R, BT AU AR 3 URA R 75 SR B
PAREXT 2 3 SN o 3K 5 B0 SR Al 1) < Jm AR R EAT 400 9%, B andB o . i 5 I 4 DA e SNtk
FHER. SIS g s A AR B e R B AR SR BGOSR R, AT LA B B
(= SN =R Rl N TN SR N =i v B o 1 B 1 P e o B R RV S U 7 o1 g el Rl s R U E R4 ek 2 S )
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BTG RN AT DL F T ReJR S5 e k871 [RIRT, B4R 0 =B A BIAL B AR (DK A MR BRI A 2
PRI K AR 1 3RS TR DI R (880 RN, A4 S BT 45 A — P AT AR R BT g . Bk
ME, B AR POl s A o AR P SR RN AU, il B AR, NI AE R 1 & B B b 5 N4 4
JEEAA), T A R R TS EAUKAE89] [90]. B, HhiEA MR Co?/Co> JEHE I
SERIR PR RE ) B L AT FEAG SR I AT 2 B o (HFE BRI S R A LR T AR R T o — PR B . AT
R FE SRR VA S A L [ R A R Rk ks R, SEILE &7 RE . B S TR AN PRI, W
UR3, ML G JRAC AP S T 5 A0 A (R RE R B AR S B R AT St B, A& R AL 7 4
R IR L T AR 2R M A5 92] o 75T FRLAKADRE T, B e T LGNSR R AR S 1) H 3 R A LBk B B2 T
I BT SR, AR BABRME . Horb, BRGPUKE R IR R M G T Ihagdk,
NG AR B PR RESR A 2R 0GB R F PR S R, RT DAFEBR K R THI 35 S R N T RE g
KR T T HEZ MY R RE, WMORFE T HANTEE[93] [94]. SBRAPCKELEEL, ARG
& LRI IE T LS T HEG R B —4ERDRE, S50 (R SR DR AN AR A R M A LA ] 28 B AT SR Mk v
TR BAEEN R, G BT Se A 4 ke I 26 B ) 45 [95] . PRI R e S Re 8 25 S I E A BRI 3R
TRANS R, POE b & ARG E SR, R AR M R BRI B R . FH O AW RBHRA I R
MEENE 3.

Table 2. Applications of nanomaterials in different dimensions
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Table 3. Summary of composite nanomaterials detection applications
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5.3. SRR RIEIEE]

A PR S AA AR RHBR I 1 1 P T R M R B R L B, R AREE R U E T RPRIIKI AR T, T s )
XA R BE AR R 2 R . AR IR T RS T 2 S BN R MBI A PR B, 3R o B R
PRI G . MUBREREE . JGAREVERF[96]. TR AT AT DLEE 28 IR 8 (AR iR I RE O i B B
FRIsZmE B AP BRI RS R BE O R 35, R IRE T iR EM R AH[97] 98]0 Tl & 1 rh ARl B2 AN S 2 I ]
PRI R A 2 OC B AR A R, iR B R DR AR AT LR A A £ JELI 8] P 2 3 AN TR FRI AR
A2, MNTIPCA R 2 1 AH[99]. BRAh, & HBLBIIR T, MR B R B4R, S BURA™ i i Ae
FEONIE] . BRIERAR RS T IR 2E, XS ZE AT et 2 AP R G A, B AR AR RO R T B A IR
HRERIN AT BRI AE o SRIEANDURANFTIRE Gy, 10 LG B A i e o B AT DU 28 s MR R e . 2,
) P SRR R 1 < SR R AR R L[ 1001 i SR A AR Ay, T I I 1 94 S I ) R ) 3 P oK
FOBFR R SREE & 8, 2 ML S [ 0 2R 01 3 r R AR, XA B T-PROE i e v PR RETEEFE A RL 1017 2,
AT I B RESR TR A AN MR BB AR AR Ol rE A iR, TSI JR8 s  ) F) e SR A A
[102]o SREAFIAE A AT ZgEGURAR X B e i S5 7 A s o, #Em$e T+ A e 71(103].
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