7 A 5-8 H, 2025
wE El]

FBO3-R4ERTLRMEL 53

FEPFRIK & 2025
BRI A S B

X::l

FBO3-Low-Dimensional Light

T

-Element

Materials and Devices

FEIrESL
H E MR R
2= Mk https://emc2025.scimeeti

ng.cn

‘MRS

DY [



rRE AR K2 2025 FBO3 R4 e R AR 28

FBO3 (R4 TTRMBL S 84+
SEERE: FHERE. XF. BEX. ELIF. Kb

WECRRA: 1 kiR
1169

ET 250+ B RG I BR B EPAB R R R E BB T

[ EAENE TSNS N F RN XS RANE SUR NS N 3 TR 7 ANEE T AN N
,gl“;v%l,},i I‘ijﬁ’t 1,35
ERS) >

L R S
2. iSRG
3. R

4. ERITHR
5. HALRPR S A

BRHARLER A I PR R B AR, AR AR S R A s SR B E R AT 7). Bk
PR GG 2 SO A AN 715 2%, X RIS R SRR OV B PRI 1B AT REE
SR, AR X LL R AR (10 SR B 25 80 5 P O A D B SR 2 TR O R — AN Bk k. AT ia i
i G R O R U SR 1 0 WA 0 ZZ 0 ARAEAS LR BOR (ADPC) 25 & 22759, RATHE T Nb
B2 3 BUR BFO BRI o 2R SR b R i B TR Y, IR AR SRR BN — 2 45° e s Bka
BiNbO, HIos . L B B RHG  Hr EUE 5 AR T BB 7 A AL 8%, FRATHE R 1K e
FEIFR) St =k AR 0 AT AT 525 1) A TR AR o JE I B2 e G (DFT) THEL, JATE— B4R 1
IXALLEBR G T A 1 AR S . IR R AR BB AR AR FH 15 2 ROSLB 14t 138 1) LA »
I HONFELEGHR R AR — 4G il IE SR i BTNl e, EARORIRGEGK i 7280 BV 7
{10 2 FH i 5%

PSRRI
1184

TH R R RN A BRI G E F BN EE
PR+
PN

B SBAGE A AR TR BRI, X AN EAACI VB, A 2 AR kA
REMEAE T L0 Bl A B BRARIR BE I A=A 22701 V2 3L T 2R T B E AR IR A% R T AR LA Zh E
s B2 AR IRE, JFE S BAR Tl B &, RIEh B s Tl Bl e 7 212k
T = AR A A I o SR, VA8 LR AT 0 18 2 2 ) A SR T A A T W A AR SR B ) A
BRI — BR 1) =4 A A R0 A SRR AR S B N FH TSR PR A S 1) L, FRATIR A SR L Sl Hems, X
TG R E T AN, PR E T HRARN AV RS, &R A RRE LNy
TSI IR B, IS ER A SCI A SR G v B, 7E1£8E 100
¢ miRNA KRl e, A% SRR (R S A A O 25 R EFAE 40% AR, [FIRFZE 10 £M 2 10 pM BSTERA, &
A I A HERA EEIK 93% LA L



rRE AR K2 2025 FBO3 R4 e R AR 28

PR RS
1188

(e e AR IR T 5 4 R R PO K AR BE AR PR AD-STEM BT B4 45
BEeAT«'. Sangjun Kang’. Christian Kuebel®
1. 2R
2. Karlsruhe Institute of Technology (KIT), 76344 Eggenstein-Leopoldshafen, Germany

3. Technical University of Darmstadt (TUDa), 64287 Darmstadt, Germany

JRFHEPI XM B E (BanEkGims . B RESE) FE e tErsem, Bl As
Yy nl LE BRI R RO RE S5 M o SR, SEE6 IS FNER B BE RO R P AH D6 IR Rk R EN &
— AN IAAAAEIME R o 3B 5T T SR AR B OR T LATE SR PR I 25 A0 T X R (R 37 id%, E
IR A E B I B 2 T JC2 3RS 5 - R B3 F 2, T e SEERS A} Do 435 R FIRE 465 ) 1Y L 42
KK NTIRIZMIA DURAEAE P, FRATH R R A B i A6 2k DU 4E 3502 5 7 R fsoR (LA-
Ltz=STEM) : Bt F6EE, fEERIRe KRB IE I T IRE KA B AT EE /1, BLE 4D-
STEM i ¥a-REZH, MM [FEIR RER & B G EAE T 450G BERATHEUE, s — A2
KRE S AR RS54 (atomic packing. orientation. strain) FHZACIHIWEY, BAIRBZY)
B 2 4E R EAE T RALORER . A5 WA A Bk AR b A S E AN 40, nTAAL A B TR R
S-S5 N AR TG S5 A M B S

WECRAR: Mk
1193

VKT 55 s B SR AL 5 T ST T 5

SrA L ES AR BE . MER . TR EEE L R TRA. E T IE
BE. TEF O A

L SR
2. R
3. IR
INEF e
5. LSO PRI b TR
6. ILSKPEIAIMITI L R R R TP S

UKFEHBER ETCAEATE, FERWEE. SURASAFMICIR R AT 55 Ak 2 SRS A 35 O E . Al
BERIEES RS, 4G R AA RBORAMRFIE BB EOR,  FATE RSO 7> 77 _EIUK
FEAZSE S RE, UESE T AR T /KZ8 G W mT UB ROEARASL T UK, JF RGN T AR S ALK
AR

WACRAERL: BIFIR S
1426

FHTR - EMRRISNEAE K E R R



rRE AR K2 2025 FBO3 R4 e R AR 28

R A
BRI TR R

HMIE A AR [ 2 — ZERARL S ) 25 A SRBEROR,  TT0 R RS A R 2 T8 14 5 T TR AT LR
H 53 A e R 18] (R S A F B RE T B AR —4EM R S i S PR RE R 32 R 1T,
RS0 SMEAR 2 b S AR AL AR R S = SR RO RO e AHRdih, PO T-3A1T
IEEAMEAE R SR ERITCR “HEM RIS LR, MR “IR-Zm)R-4ERL” 2 9057 TRk
EALE], B BRMEOR R T RS 2 R EIR TR, ILREE T R R S5 3R
A A3 R ) G o = 5 F) 5 PR SO —HEA R B PR A TR P Y s 48 20 I A1 S v =2 2 T
Bf 9B A R B B A/ B 0 s R RN W RS S5 AR 2 R P R A IR s o b /2 45
GRS S ORI S, R R IR T R TOR O R RN E A 5
I TR IR TE T, N MRS & R M T 2077

WATIRAER: 1k
1483

PR L ROEHLEL A SR AL E T SR R

RS R AN THAE . BREL BEE R4 KRTH L BRSO IR R EXE
X\ xES BEA BRE ER Fa4

L. R B 5 AT
2. JbE R
3. FALLHIRA Rl S =
0 SRR A B, TR A SR a8 2 AT B R A ) IR R B R B .t B
HRNTRE RS, EEFEN. BEFHE. B AARRESIEA ) RPN R, K2k
AR, 4RO EA EEFRICE. 5T RN, e RS, Bl

LRI FUIA L. 2RI, T SCIR BRI RS, —4ERRL A 0 i S5 B AR k. N
TAERTRAE R, € WIS iR 5 R s e A SR NS S I e B — 3R,

AT FHBRZ R E S 7 BB BRSO BoR, I8 IR RSF ) 73R
TR — R ep R JRBE DG A R BT, F R AL RAE SRR B, AT SRR 7 REE T et
L IIMIROR R I . BATR BB AL RS 7 A2 W 2 HIEAL R REAE 660 nm [RIAHT, LR
BL B ASBLEE RIS A SE R 2 S EOR IS BORDGIEE A5 RO RE MR . AR T HE
WS, L AR, IR mI RO GBI SO T8 B .

WACRERL: BIHR S
1538

PRBRMEHWPIERGFE: RABRGEIERIE
R+
WL KA
AUREAEREIR . FABE. AL Jer SEQURN T2 . AR R T o BEBE AR RS s T
SR BT, IR SR IR ORREE B OE 1 HA B . BRI, $Ros oK dh (R i i

FHATR T EARGK I & R B B R . SRR AT, SMA %A UL TR
W) AR KRR EAR TR, SUEGUR RIS E, B SR IERE K S,

3



rRE AR K2 2025 FBO3 R4 e R AR 28

RIE, A AT AN R I S T A B R AR AN 26 F D AT, X v PR BE AR AR 0T 45
TR REEG IR T B < 5 G SR R IR R W S R 207 W P 25075 Tl A
T2 EEGERE, SRR T SE PR B2 40K B3R TR 2 TR SR T e LK APk . TSRk
JEEZE S5 PR R A FRE Pk s R T I 54 O A AT S 1 RO N e ah A e e it 7 0 F°
Bro AR FI I 2 SR A 7 A AR AR T, IR T R NRER T Sn02y Ti0AEAK R
TFE A7 2 PR T B A ARAT N, 4R 73R S S5O B A L, Dy pe s
AR RIS T HR Bt T IR T Rl 2K H o AR s 2 i SR BRATT I A 2 T ST F B B R AE R T
FHEAR T IS A HERE -

SRS & R
HEE
v FE ok 27 e A BRI 52 T

JE A JE 1) 4 4 ) SE AN AT LIRS 2 A — 4 Vu A AR EOR M RMA R, 098 MR RR,
HEEA RS EWE TSR, (S, SLOME RIS . (HARRTT 2 4
HEERMEL, BTN IEIE R e AE SR 7 AR R T SRS FIAE ) 488 . & e SRl %
Phlk, R T R T RHE PSS R BRI DA A TR A A R A R
JZ MoS2 1ENVUIBAEEAY, SEBL T BORMBREE F&F 4t 4 8 )5 Eh %, a5 Bi, 6.3 A).
¥ (Sn, 5.8 A). £ (Pb, 7.5 A . # (In, 8.4A) HK (Ga, 9.2 A). ViffEMHEF b+ 1 =4
EEFMITAT100 nvm, Ho4EE )R LT IHRE oS Frdst 3, R EA B i sifa e
PEREAE B A, A AT 25000 2% DARIN 4k & @ ARTERR . A ERE, B2 =R
B RAAT9. 0X10° S/m, ELHUARI SR SREm— A HRELL L. FH, 2RI K
P R EIZ RN, H R BH TR R 4EIA 35%  (HUAL R E N T 1% , VKD FE SR M AE
EAA R B TR, JERMEE R E R, REMWT AR IR M E RN . A,
JEAEAEG R E AR RE DUR A ] 4L B EE (BRZE. SZ=E) , 7R LLRTHE D
A S B A R AR R SR AE T AT RE

FRHF AR K T Nature 639, 354-359 (2025). ®ifig N @iBEIFA % LAE: “opens an
important research field on isolated 2D metals” (FFEI T —4E4 JmixX — 5 B 70 A0
“represents a major advance in the study of 2D materials” (V3 4EAP R 78 25k 1 —
ANERKFE) NN KFR LR Sanchez—Yamagishi #d%4E Nature #£5 News & views, BN
ZLAER — N NEVRIRZIPH 2 “an impressive feat” , SEIL 7 KA IERN —4i5)R

“produces large-scale, truly 2D metals” .

AT IR
3081
T [ B PRASL O T REBRGURE B A i R
HES o' xlgr’. REH HIg
L demtRe

2. KA



rRE AR K2 2025 FBO3 R4 e R AR 28

R RN TATHE R B IR PN, XGRS VLM LR
A, BETRYEF RIS E  (FET) AV B e AR R BUL, EARbmic B
P I T BAT BRI 7. SR, 2SR A R 1 S5 B IS P T 11 3 8 R AL o 1 A 3 A Al 55
B9 REEREEN . BATFPR T —BfEWEE., BB REmHRE (ONT) B FET 4
YAt G UBAC A P B BOR o FRATTR AT St IR IR T2 % i BE R 50/ ONT R, JFR A Tk 2%
Pt B AL, M/ ONT FET ££ 4 S&F R ERvEREZE A/ T 6% (REIEZERN 9%) o &
T ONT FET (088 74 A5 B IR T BB S ARHEZ /N T 6.1 mVe fESLEERE I, FRATIT
KT AR BRI R B3 T2, My 1 llh B A R (S 15 5 I R g I A
EEYHRE, FIRNZT GXEE s # IR R 2R IR B0 1 L SR dh R i 1 3 2K AT
TARLI, ZERERNT, R E I R A R S AR A A H BR BT R B AT AN TR T AL
(CFU) 7KF, FERITE 5 438l g e RIE I R o FRATTE— P IF R T — ol B 2 A g AR IR AR 4R
Bt ST AR IR IR E A, A S N ARG AU e B R HORBERHES) ONT FET ZE4)
fRIASE R ah 22 an . AR S PRGN A5 U ) (R IFEAS I SEZ B B FH

Presenting Type: Poster
3738

Overcoming the Debye Barrier for Ultrasensitive and Stable miRNA Detection with Gate—
modulated Graphene Transistor

Ran Cao, Honglei Xue,Lei Bao,Lidong Guo, Wangyang Fux

Tsinghua University

The performance of ion—sensitive field-effect transistors (ISFETs) for
ultrasensitive biomolecular sensing in physiological environment, is fundamentally
constrained by Debye screening and conductance drift. In this work, we introduce a
heterodyne detection strategy to overcome these limitations by leveraging gate—
modulated orientation control of surface—bound DNA-RNA molecules. By dynamically
tuning the gate voltage relative to the Dirac point of a graphene ISFET, we achieve
reversible orientation switching of DNA-RNA duplexes between “standing” and “lying”
configurations within the Debye length. Utilizing the heterodyne mixing current shift
as a response signal, our approach achieves a 6.3-fold improvement in the signal-to—
drift ratio, thus establishing a robust and highly sensitive paradigm for in—situ
miRNA detection in physiological environments
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Unveiling the Role of Edge-Doped Nitrogen in Graphene for Enhanced Hydrogen Evolution:
Pyridinic N as the Catalytic Center

Xinyu Zhu',Ruopeng Cui’,Yi Li’,Jianwei Gao™’,Chunlei Wan’, Wangyang Fu’, Xiaoyan Zhang*', Xinyu Zhu
1. Capital Medical University
2. Tsinghua University
3. Beijing University of Chemical Technology

4. Leiden University
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The growing demand for clean and sustainable energy has intensified research into
alternatives to traditional fossil fuels. Among various candidates, hydrogen stands
out due to its high energy density and environmentally friendly combustion. However,
the widespread application of hydrogen energy is hindered by the reliance on
expensive and rare metal-based catalysts, such as platinum, for the hydrogen
evolution reaction (HER). This study addresses the need for efficient, low—cost, and
stable non—metal catalysts by introducing nitrogen atoms at the edges of reduced
graphene oxide (rGO) through nitrogen plasma treatment. The optimized material,
treated for 120 s, demonstrates a significantly low overpotential of 46.48 mV.
Characterization results indicate that pyridinic nitrogen plays a dominant role in
enhancing HER activity. These findings not only validate the effectiveness of edge-—
functionalized graphene but also offer new insights into the design of high-—
performance, metal-free electrocatalysts
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Semiconducting detection of hydrogen isotopes tunneling through atom—thick 2D
crystals

Lei Bao',Shen Ao',Honglei Xue',Jianwei Gao"’,Lidong Guo',Mingda Liu', Wanshuo Gao', Zhengjun Zhang', Enge
Wang’, Sheng Meng’, Wangyang Fux'

1. School of Materials Science and Engineering, Tsinghua University
2. Institute of Chemistry, Leiden University, Leiden 2311 EZ, Netherlands

3. Beijing National Laboratory for Condensed Matter Physics and Institute of Physics, Chinese
Academy of Sciences, Beijing 100190, China

Proton tunneling plays a crucial role in various physical and chemical processes
including hydrogen isotope separation and enzyme catalysis, but its practical
applications are limited due to its subtle effects occurring over short timescales
within confined spatial regions. In this study, we exploit proton tunneling across
atomically thin, two—dimensional (2D) crystals to enable hydrogen isotope detection.
By integrating ion—sensitive field-effect transistors (ISFETs), the mass—selective
proton tunneling effect produces a measurable threshold voltage shift, allowing for
sensitive isotope differentiation, limited by the precision of the ISFET pH meters.
We shed light on its utility in medical diagnostics by demonstrating the platform’ s
capability for rapid, on—site isotope analysis through tracking the urease metabolic
activity using deuterium—labelled urea.
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Mechanical exfoliation of non—layered metal oxides into ultrathin flakes

Ruijie Li',Zhixin Yao"’ Zhenjiang Li',Lei Liao’, Huacong Sun’, Chaonan Cong' Xudan Huang’, Kang Wu’, Tingjun
Wang®, Huifeng Tian',PeiChi Liao', Shizhuo Liu’',Yihan Wang', Lina Yang Zhang', U Sasaki', Ge Yin', Junjie
Guo’, Yu Ye®, Xiaoding Wei®’, Xueyun Wang’, Jiawang Hong’, Jinhai Mao’, Lihong Bao™"’,Lifen Wang®’, Xuedong
Bai®’, Peng Gao™'™" Kaihui Liu'"",Lei Liao”, Jun He", Shulin Bai', Yanfeng Zhang', Yanglong Hou', Rugiang

Zou', Hongjun Gao™™’, Yue Zhang"", Enge Wang”'®'' Lei Liux""

1. Peking University

2. Key Laboratory of Interface Science and Engineering in Advanced Materials, Ministry of Education,
Taiyuan University of Technology, Taiyuan 030024, China

3. Beijing National Laboratory for Condensed Matter Physics, Institute of Physics, Chinese Academy
of Sciences, Beijing 100190, China

4. State Key Laboratory for Turbulence and Complex System, Department of Mechanics and Engineering
Science, College of Engineering, Peking University, Beijing 100871, China

5. School of Aerospace Engineering, Beijing Institute of Technology, Beijing 100081, China

6. State Key Laboratory for Mesoscopic Physics and Frontiers Science Center for Nano—optoelectronics
School of Physics, Peking University, Beijing 10087

7. Peking University Nanchang Innovation Institute, Nanchang 330000, China
8. School of Physical Sciences, University of Chinese Academy of Sciences, Beijing 100039, China
9. Songshan Lake Materials Laboratory, Dongguan, Guangdong 523808, China

10. International Center for Quantum Materials, Collaborative Innovation Center of Quantum Matter,
Peking University, Beijing 100871, China

11. Interdisciplinary Institute of Light-Element Quantum Materials and Research Center for Light-
Element Advanced Materials, Peking University, Beijing 100871, China

12. State Key Laboratory for Mesoscopic Physics, Frontiers Science Centre for Nano—optoelectronics
School of Physics, Peking University, Beijing 100871, China

13. Key Laboratory for Micro/Nano Optoelectronic Devices of Ministry of Education & Hunan Provincial
Key Laboratory of Low-Dimensional Structural Physics and Devices, School of Semiconductors (School
of Integrated Circuits), Hunan University, Changsha 410082, China

14. Key Laboratory of Artificial Micro— and Nano—Structures of Ministry of Education, School of
Physics and Technology, Wuhan University, Wuhan 430072, China

15. Academy for Advanced Interdisciplinary Science and Technology, Beijing Advanced Innovation
Center for Materials Genome Engineering, Beijing Key Laboratory for Advanced Energy Materials and
Technologies, School of Materials Science and Engineering, University of Science and Technology
Beijing, Beijing 100083, China

16. School of Physics, Liaoning University, Shenyang 110036, China

The exfoliation of layered crystals can produce diverse two—dimensional (2D)
materials and heterostructures. However, the micromechanical cleavage of non-—
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stratified materials into 2D flakes remains challenging due to z-direction
consecutive bonding. Here we report a mechanical exfoliation method for producing
freestanding 2D metal oxide flakes. By synchronizing the thermal decomposition of
metal salts and water—assisted forming, we synthesize large—aspect-ratio lamellae of
amorphous and crystalline metal oxides as parent materials, which can exfoliate to
ultrathin flakes. The freestanding, transferrable features allow the room temperature
integration of high-k metal oxide flakes as top—gate dielectrics in 2D material
transistors. We utilize the dual-function Cr—-doped AlO. flake as the gating
dielectric and component, sensing and storing the visible light by photon—programming
floating gate effect, showing an in—sensor computing device. Our results provide a
platform to investigate the fundamental properties of ultrathin metal oxides free of
substrate clamping and pave the way to metal oxides—based functional devices
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Polycyclic Molecule Chemical Vapor Deposition of Amorphous Monolayer Carbon

Zhenjiang Li',Huifeng Tian', U Sasaki', Xudan Huang’, Mouyang Cheng’, Xiaocang Han', Yinhang Ma', PeiChi
Liao', Zhixin Yao"’, Yihan Wang', Zhang Lina Yang', Ge Yin', Yijie Luo',Wenxi Li', Xuanyu Zhang', Junjie
Guo’, Xiaoxu Zhao',Lifen Wang"’,Ji Chen®’,Lei Liux"’

1. School of Materials Science and Engineering, Peking University
2. Peking University
3. School of Physics, Peking University
4. Schools of Materials and Energy, University of Electronic Science and Technology of China

5. Key Laboratory of Interface Science and Engineering in Advanced Materials Ministry of Education,
Taiyuan University of Technology

6. Songshan Lake Materials Laboratory

7. Interdisciplinary Institute of Light-Element Quantum Materials and Research Center for Light-—
Element Advanced Materials, Peking University

Amorphous monolayer carbon (AMC), a new type of carbon nanomaterials created by
merging modulations of the crystallinity and dimension, is of particular research
interest since it has shown unprecedented properties that its crystalline counterpart
- graphene - doesn’ t possess. The conductivity of AMC is controlled by its degree
of disorder and can be continuously tuned with nine orders of magnitude. As one
emergent carbon nanomaterial, the fundamental properties of AMC and its potential in
applications remain largely unexplored. However, its current synthesis relies on one
specific, lab—synthesized molecule, hampering further extensive investigations. Here
we report the feasible synthesis of AMC by chemical vapor deposition using commercial
polycyclic molecules, which prove to be effective in repeatably obtaining AMC with
a controllable degree of disorder and large sizes. By the backward—compatible
regrowth, we demonstrate the in-plane, crystalline—amorphous heterostructures in one
monolayer of carbon with mechanical continuity across the homojunction. Conductance
measurements confirm in such monolayers the precise controls over both the spatial
location and electrical properties, which are not only conductive or insulating but
continuously tuned. Our results represent a significant step towards understanding
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the mechanism of the AMC growth and pave the way for electronic devices using two—
dimensional amorphous materials
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Ultrasensitive Hepatitis E Virus Detection Based on Field-Effect Transistors
Jiatong Liu', Jingyao Zhang', Feng Ren’, Zihao Fan’, Wangyang Fu’, Xiaoyan Zhang*'
1. Capital Medical University
2. Beijing Institute of Hepatology/Beijing Youan Hospital, Capital Medical University

3. Tsinghua University

Hepatitis E Virus (HEV), transmitted via the fecal-oral route, is increasingly
common in China. However, current diagnostic methods (PCR and ELISA) are
insufficiently sensitive, costly, and complex, resulting in missed asymptomatic cases
and posing significant risks to pregnant women, chronic liver disease patients, and
immunocompromised individuals. Herein, we present a novel field—effect
transistor biosensing platform for HEV detection. We construct a field-effect
transistor structure with single—layer graphene as the channel and electrolyte
liquid as the gate. Through non—covalent functionalization with 1-Pyrenebutyric acid
N-hydroxysuccinimide ester, we successfully immobilized HEV-specific antibodies to
construct the biosensor. Our field-effect transistor device demonstrates excellent
detection capability for HEV antigen proteins at concentrations as low as 100 pM.
This innovative biosensing platform offers rapid, high—throughput and cost—effective
screening for early—stage HEV infection, representing a significant advancement in
hepatitis diagnostics
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Efficient Separation of Wastewater Containing High—-Toxicity organic Based on Anti-
Fouling Membrane Materials: A Systematic Literature Review and Visualization Analysis

Wen Yang, Yelin Qi, Yadong Liu, Rui Yan, Tengbo Ma, Jin Gu, Ting Liang*
Institute of NBC Defence PLA ARMY

Background: The treatment of industrial wastewater containing high—toxicity
organics and high-concentration surfactants (such as from the pesticide,
petrochemical, and textile dyeing industries) poses significant challenges.
Traditional separation methods are inefficient, costly, and ineffective in removing
toxic substances. Membrane separation technology holds great potential, but membrane
fouling, especially that caused by surfactants, severely limits its application
efficiency and lifespan. This study aims to conduct a systematic literature review
and visualization analysis to deeply explore the research status, key progress, and
future directions of anti—fouling membrane materials in achieving efficient
separation of such complex wastewater.

Methods: A comprehensive and large—scale literature search and analysis was
conducted. Using scientometric tools (such as CiteSpace and VOSviewer), it
systematically reviewed, content—mined, and constructed knowledge maps of relevant
research over the past decade, with a focus on the modification strategies of anti-
fouling membrane materials (such as hydrophilic modification, zwitterionic polymer
coatings, nanocomposites, surface charge regulation, etc.) and their separation
performance and anti—fouling mechanisms in systems with high—concentration/high-
toxicity surfactants

Results and discussion: The visualization trend map clearly reveals the evolution
of research hotspots in anti—-fouling membrane materials and identifies core
modification strategies against surfactant fouling (such as strong hydrophilicity,
low surface energy, and charge repulsion). The comprehensive literature analysis
indicates that surface modification is one of the most effective ways to endow
membranes with anti-surfactant fouling capabilities, especially the construction of
hydrophilic/hydrated layers, which can significantly reduce the adsorption and
deposition of surfactants on the membrane surface. Specifically designed anti—fouling
membranes (such as those based on polydopamine, polyethylene glycol, zwitterionic
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materials, metal-organic framework composites, etc.) have demonstrated excellent
separation efficiency (high flux, high rejection rate) and significant improvement in
anti—fouling performance (high flux recovery rate, strong fouling reversibility) in
simulated and actual wastewater containing high—toxicity surfactants. The analysis
has revealed key structure—performance relationships between membrane material
surface properties (hydrophilicity, charge, roughness), surfactant properties (type
concentration, critical micelle concentration CMC), and separation/anti-fouling
performance. The study also pointed out current challenges, such as long—term
stability at ultra—high concentrations, co—fouling in complex actual water quality
(containing oil, salt, particles, etc.), and the need for precise design of membrane
materials for selective separation of high—toxicity substances

Conclusion: Through systematic literature review and visualization analysis, this
study has confirmed that anti-fouling membrane materials are a highly promising
technical solution for the efficient separation of wastewater containing high-—
toxicity organics. The current technological advantages, mechanisms of action, and
core challenges were clarified, providing important theoretical basis and research
directions for the future development of more efficient, stable, and targeted anti-
fouling separation membranes. This has positive implications for advancing the
treatment technology of refractory toxic wastewater.
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Magnetic Localization of Microrobots in Gastrointestinal Tracts
Yiyang Lix
Tsinghua University
Abstract:

Magnetically actuated microrobots (fabricated from high-performance NdFeB
permanent magnets) hold significant potential in minimally invasive surgical
applications, such as kidney stone removal, intravascular drug delivery, and thrombus
elimination. Their precise motion control relies on robust localization and
orientation technologies. This study focuses on the magnetic localization of helical
microrobots in human gastrointestinal tracts. By employing a Hall-effect sensor array
(MLX90393), we developed a multi—component magnetic localization system to achieve
sub-millimeter real-time tracking

Materials and Equipment included in the magnetic positioning system:

1. Magnetic Sensor Array: A custom—designed printed circuit board (PCB)
integrated with 20 MLX90393 Hall-effect sensors arranged in a 5X4 grid, used for
detecting variations in magnetic field strength generated by NdFeB magnets.

2. Signal Processing Module: Equipped with a TCA9548A multichannel switching
circuit, enabling efficient data transmission via a 16-bit analog—-to—digital
converter (ADC).

3. Microcontroller Unit: Based on the Teensy 4.0 development board, facilitating
serial communication for transmitting digitized signals to a computer.
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4. Data Processing Platform: The computer processes sensor data using a median
filter to suppress noise and applies an adaptive localization algorithm to analyze
the sensor array signals, calculating target 3D coordinates and orientation
parameters.
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