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R4 2: In-situ Electron Tomography
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MERE:

Electron tomography (ET) has been demonstrated to be a powerful tool in addressing
challenging problems, such as complex three-dimensional structures at nano scales. Advancing
ET to higher resolution and broader applications requires novel instrumentation design to break
the bottlenecks both in theory and in practice. Meanwhile, in-situ transmission electron
microscopy (TEM) has been demonstrated as an invaluable method to understand the nanoscale
mechanism behind the macro behaviors of materials. The advancement of both methods now
comes to a joint that 3D structural evolution characterization may be appealing in understand
3D interactions among various microstructures. In this work, we demonstrate for the first time
that 3D dislocation network evolution can be visualized by in-situ electron tomography, using
the XNano TEM holder developed at Center for X-Mechanics, Zhejiang University. The
plasticity mechanism can now be understood in unprecedent details. The instrument has a
compact four-degree freedom (three-dimensional positionings plus self-rotation) nano-
manipulator with a loading device in order to realize the in-situ ET applications. All four-
freedom movements are precisely driven by the built-in piezo actuators, minimizing the
artefacts due to the transmission electron microscope stage vibration and drifting. Full 3600
rotation has been realized with an accuracy of 0.050 in the whole range, which solves the
missing wedge problem. Meanwhile, the specimen can be placed to the rotation axis with an
integrated 3D nano-manipulator, greatly reducing the effort in tracking sample locations during
tilting. We expect that more delicate researches, such as atomic in-situ ET, can be carried out

extensively by means of this holder in the near future.



WP 3 T LRI (1) BRI

FKENAE, 2010 F TR S MR KRG L2, IUAF e i
PR R 34% » 2009-2010 4F-7E 3 [F N AT h 40 i oK 27K 3 R il
W5, 2012-2017 4T 36 H BT R A BB 7 590K TR R L
Ja R Tt . KIHBO T, k. RS EIRLE DI e A kL5 250 11
YIBE D)2 AT, I RE [ SOMIAE B 0 H 3 10 T, AR B Ry R o
LKA SCLRT 90 f, HIRFZMAR T 10.2. 2009 4R LIk DA — /18
WAE&TE Chem. Soc. Rev. (1 %), Nature Nanotech. (2 &, %% —). Nature Chem.
(155 Science Adv. (1 %5). Nature Commun. (2 %5, F£%1%—). Phys. Rev. Lett.
(15%)+ J.Am.Chem.Soc. (5% ). NanoLett. (3% ). Angew Chem. (2%). Adv.
Funct. Mater. (2 %), J. Mech. Phys. Solids (2 f5) ZZ LT ERF WL 4855, £
A 51 H 4000 A2k, oA SCI 5] 3000 439K, #% Nature Nanotech.. Nature Rev.
Mater. 55 6 /0% YR 70 5 sl B TRIHESE , 1 9 [B] 52 5K W) 3 % 2% Nanotechweb., 3 [l G2 YR
SR AR IR PER R IR

MEME:

FARAS Al et 55 A 2 R AR A BRAE, AR BRI SRR 2. JU, 4
FAELILEREE — BB, APURMBE, 1 H& 8 m R %2, B Mgtk
TR FUATIE I AR U2 o AR R 2 R GER R 2R R Be I AR AT T, A%
MR A = LE S5 M. H o, B SRR AR 2B, WA A AT S
IR AL Ha B RO R AR PR AR5 A B AN AR T 0 1 5 725 oy 2R iy 3 3 g 8 0 X R 2
kAR, LLEZAG A ERGE, rSaif Soerrscls 80 Mok, BB F A E R
RO AF 5 AT — R )~ S AR B s 1 o LI, A SR P R e A A ) DA T BT R
b B PR =4 (R 2 AR, R A e =y 3 in . Ba, K
BEREA LRI —4EB = (B R 3AT 0y, T RCRA = s W B o A
At o




K & 4: Nanomechanical characterization of the mechanical strength of carbon nanotube

- polymer interfaces
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MEME:

The light, strong and durable characteristics of nanofiber-reinforced polymer-matrix
nanocomposites are attractive to a number of industries such as the aerospace and automotive
industries. Carbon nanotubes (CNTSs) are one of the most promising reinforcing fibers for
nanocomposite due to their ultra-strong, resilient and low-density properties. However, the
understanding of the interfacial load transfer on CNT-polymer interfaces remains elusive. In
this talk, we present experimental studies of the mechanical strength of the interfaces formed
by individual CNTs with PMMA/Epoxy matrices. The nanotube-polymer interfacial strength
was characterized by using in situ electron microscopy nanomechanical single-tube pull-out
techniques. By pulling out individual double-walled nanotubes from polymer matrices using
atomic force microscopic force sensors inside a high-resolution scanning electron microscope,
both the pull-out force and the embedded tube length were measured with resolutions of a few
nano-newtons and nanometers, respectively. The interfacial shear strength (IFSS) of the CNT-
polymer interface was quantified through interpreting the nanomechanical single-tube pull-out
measurements using a continuum mechanics model. The nanomechanical measurements reveal
the shear-lag effect in the load transfer on the CNT-polymer interface. The research findings
help to better understand the load transfer on the tube-polymer interface and the reinforcing
mechanism of the nanotubes, and ultimately contribute to the optimal design and performance

of nanotube-reinforced polymer nanocomposites.



ReBdR e 5. T 5 AFM A 887 R 1 R 40 EE 4R P AR #5177

TR, RIERFVERL, #208%, AT, ki, FEMN
. SRR B ST 50 . Yol T35 HE R 2 P 5 2 [ 5 A A S
=T iR T by, A E RIS IR R TR, T ik K

M SR TR RN FHE LU ERFEK A RIS =T, mde

Ti-20 B S E - AR RIS Z0E SR L AR

BEFGITE TR, 3R 2011 FEEHH HH i s N4 s R
TR g s, LU —1F3& Ad iR E# 78 (Carbon), (Nanoscale), {ACS Applied
Materials & Interfaces) ZFZ%E KK SCIWLFKIRIL 50 R, HA W R KT 3 1 30
e, W SCIAhE] 800 RIK, HF SCIAhG] 95 RIK, 1T 2012 FHE I H AR = —%
2o (HRE T,

WMEME.

A AR R R B LR BN F PR RE AN AN e BE RV R, (MO ANL L R
4t (MEMS/NEMS) HI#F BoA ) ff N RS, [FIIHE D4 B 443 W 71 E MEMS/NEMS $t
EVREE RN, DRI R A S A R GOK BE B Ve LB S A L, T |
HL AFM S 7 880 2% T 45 A AV 3R AT T4, SeBlf SR R I 9OK BE SR (MRS HE T %, 22
S SRR BE RS M R SR T AR AL T A BRI A M, PR MR T A%
W5 6 B D BE B B L AL, 7 SR R THT4NoK £ A (1) L JEE 8 S R 1 B L) s 2T
FHL AFM QK 1IN, B FUAN[F] 7 1) B0 BE BRI T A SR A I GOK BE R, A
S5 47 N H MEMS/NEMS B H T #R s S AL 2 AR YE , A 20 el S e KAE H 4
HA PSR SRS bR A A -



BRI 6: & H MEMS #34Fi% T30 5 S 7t

FOME, E TRV A RS S KRR AT L, BRI
2013 42-2015 - 7E H [ TREPIEEA 7 Be o4 r P P 4 5 v sl sl iR 4T
e T, S5EE IHP BCA T/ MEMS T8 H AR WE5T; 2015 4
FE A, F R E TAEYHELF T B T LA T R S5 K24 0T 78
O N AT RS B SRR . e FRES5 700
XIH . E RS b ERE . B K 3 AR SRS B E
SRFIE o Ak A EEBRIHT] JACS. IEEEJMEMS. SENSOR
ACTUAT A-PHYS. IEEE TNUCLSCI £ R £ T LR,

WMEME.

MEMS SARM s AR Rl & K RETTRE 138 IO R A 40, IEAE AR MEMS AL
HRA T, BIGEEH pheas . I RIIAT 45 55 5 T 0 st BE S IR i 7T, TRk
LV O - T L MEMS S0 i ) 46— B sl toF 65 - PR BR B Rfe- A R AGL T P 34 4%
AR TEEESG o — 7 I, AT R BE AR AT T« e R U« ARTIAE AEZR M S A
AT DAL A R R IR T, S MEMS BT 8%
REWE G A B AT RS F AN E L Teks . IRpE. HHahs%, LAbse o it 5
LR IAK REERS AR, W T HERDOLE RS B BERUILES N AU




K45 7. Progress on advanced sensors devices and sensing materials: Conceptualization,

Methodology and Applications

BB, TEEL, BIEE, HLASm, W IETRZE TR K

PR B SER TG FEATT RN RE T Sy, ot

/ TS S AL DR B H1l 25 B0, Bl Al B BT S )

- B R T H5ER TR SR . T4 GF QUHR X I H -

1
“;ﬁ{. H863 il H . GF BlF X Wi H-163 Wi H . A TWHHH. ExH
SRE} I G- FHER A ST H . BEVEA B RE LR 7T 1R - K

FEANEE R IUE - BRPEAE B AREF IR SO RI-F A TR B R R A B
Pia L e 34T H 4. fH/F (Composites Science and Technology), (IEEE Sensors
Journal), {Review of Scientific Instruments), (IEEE Trans. on Electrical Devices) 25T
# RN fE (IEEE Trans. on Industrial Electronics). (IEEE Trans. on Electron Device)-.
(IEEE Trans. on Measurement & Instrumentation). {Measurement). {Measurement Science
& Technology). (IET Science, Measurement & Technology). ¢ HLT-2#3R) 2 H 4T
kR SCHRTL 20 j CH R RIBE | X 2 5%, 11 X 4 4@ ), 345 B 5% B R4 AL 7 T

WMEME.

This talk introduces the recent progress on advanced sensor devices of conceptualizations,
methodology and application contributed by our team, which including Yarn tension sensor
based on Surface Acoustic Wave devices, three dimensional interfacial stress sensor based on
PDMS and parallel capacitance, three dimensional graphene foam (3DGF), three dimensional
interfacial stress sensor based on 3DGF, Proximity sensors based on parallel coupling

capacitance. The applications of these sensors also will be introduced.
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