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* Precisely monitoring surface structures

« Tailoring the surface structures

* Applications based on the surface effects
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How to set up alab inside a TEM?

Current : 0-5 mA

Probes: Bias : +/-10 V; 140V
Mechanical, Piezo resolution X, Y: 20 pm
electrical ...

Electron Load range: 0-2000 nN;
irradiation Force sensitivity: 10 nN;

Input Voltage=12V DC
Temperature: 20-1300°C

QL)_t.l.f:al.Equ__e_-[_. — Wavelength: 365-950nm

Lab in TEM

Imaging, manipulation and measurement... at atomic scale
Simultaneously?




A lab inside TEM
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In situ TEM

Liquid cell

In situ TEM could simulate complicated environments (gas, liquid ) with multiple stimuli
(e.g., electrical, thermal field, light, and mechanical stress).



How to set up alab inside a TEM

Multiscale dynamic characterization

Microscale

First Commercial Cs-corrected TEM in our lab

Basic (Nano, Pico)«——Application (Micro)

SEU-FEI Nano-Pico Center (Nanjing)



A lab inside a TEM

Development of in-situ microscopy in our group

PRL101, (2008)
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Main cover

Science 312, (2006)

Dynamic
Characterization
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Nature Nanotech. 2, (2007)

PRL 105, (2010)

In-situ growth

Manipulation

Nature Comm.4, 1776 (2013);

Nanofabrication




Precisely Monitoring surface

Si and Cu doping at graphene nanopore

(left: original; right: processed)




Precisely Monitoring surface

Si trimer in monolayer graphene
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Watching How Three-layer SiC Transforms to Monolayer Graphene
Unpublished results
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Graphene growth from SIC

Unpublished results



& Tailoring structure: mechanism- by irradiation
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T. Xu/ L.T. Sun, et al., Small 2014



ailoring Structure: sculpting--create defects—manipulating atoms

Migration and Trapping of metal atoms on graphene

PRL 105, 196102 (2010




Oring Structure: mechanism--energy difference

Possible narrowest molybdenum sulfide nanoribbon

Nature Communications 4:1776 (2013




Tailoring structures by energy difference

SAASDP L0408,
.

Nature Communications 4:1776 (2013)



Nanofabrication at atomic scale
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ibular structure from bilayer structures

Adv. Funct. Mater. in press



Nanofabrication at atomic scale
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Nanofabrication at atomic scale

BN tube with diameter of ~ 0.45 nm is the smallest stable tube.

Adv. Funct. Mater. in press



Nanofabrication at atomic scale: new 2D materials
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Monolayer CuO nanosHeéts on a graphene substrate 2D Materials, in press




Nanofabrication at atomic scale: new 2D materials

An unsupported monolayer CuO in a graphene pore
2D Materials, in press



Tailoring Structures -for new structure design--deposition

Acquisition date: 7/25/2011
Acquisition time: 9:46:16 PM

Exposure time: 0.1 s

Indicated Magnification: 9900.0

Investment casting of graphene-based structures

Joule heating can also drain away the silver to form graphitized single carbon nanotube with the STM-TEM platform

Carbon 50, 2845(2012)



Tailoring Structures -for new structure design

May find applications in E
nanofluidics, graphene- 4
based devices

partially graphitized

compact graphene structures _ _
(a) head-to-head connection. (b) A “Y’ shape connection. (c)

A ‘X’ shape connection. (d) Complex connections.

Carbon 50, 2845(2012)



Tailorin g Structures -new structure design

Mechanical property of Graphic

o

structures
A"

100 nm

I |

Nice mechanical behavior of graphene-based structures

L. B. He/ L. T. Sun et al., Carbon 50, 2845(2012)



In situ property characterization --for application

Porous graphene —)  COmpact Graphene

d Cc

Digital
photographs

SEM images of
surfaces

SEM images of
cross-sections

Tailoring 3D graphene structures



In situ property characterization --for application

Spongy graphene (SG) as a highly efficient and recyclable
sorbent for oils and organic solvents (first time report)
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Adv. Funct. Mater. 22, 4421 (2012) Cover article Superhydrophoblc property

Scientific Reports 3, 2117 (2013)



In situ property characterization --for application

' ' Superhydrophobic propert
Dynamic adsorption process PEHIYEIIPIODIE BIORELLY

oil on artificial seawater Toluene on artificial seawater

=

Absorb: Petroleum products and fats + toxic solvents(toluene and chloroform)
(absorb up to 800 times its own weight)

Scientific Reports 3, 2117 (2013) Adv. Funct. Mater. 22, 4421-4425 (2012)
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In situ property characterization --for application

Dynamic adsorption process

highly efficient and recyclable



ReS earc h H | S'[O I‘y- Spongy graphene as sorbent for oils/organic solvents

Progress of the environmental application in our group

First Paper published I._“.gh Compressible | Continuous Sorption for
efficiency : :
(AFM2012, Cover) (0. Mater. Cherm, A) sponge separation trace oil

First-time
Observed

Shape Structure | Lowcost || Largescale || Metal mesh | Separation for
control control Adv. Mater; sponge combined | micro emulsion
(Sci. Rep.) Small

40+ Patents: 201010607317.3, 201110312393. 6, PCT/CN2012/078045 and others



Industrialization ProgresS: graphenebased sponge

F

U { € Large-scale production

|

€ Low cost
€ High sorption capacity
€ Good recyclability

Continuous separation

LTI




Industrialization progress: separation mesh

Superhydrophobic rophilic
mesh




Application based surfaces

Graphene-based film for separating the oil and water



Industrialization progress: separation mesh

Superhydrophobic Superhydrophilic
and superoleophilic and superoleophobic

Red: oil: blue: water



Industrialization progress: separation mesh

blue green algae

op: A



Application based surfaces

Equipment for separate oil, water and
solid particles
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Equipment for separate oil, water and solid particles




Equipment for separate oil, water and solid particles




APPLICATIONS

M T BUR SO
10000t/d



Industrialization progress: separation mesh

Building product line for separation metal mesh 10000 m?/y
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Other application — graphene based filter materials
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Other application—graphene based filter materials

Product line for filter materials: 200000 m?/y



Application based surfaces--Anti smog mask




Application based surfaces--Anti smog mask

Anti amog masks



Application based surfaces--Anti smog mask

Anti smog mask: current technology
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Mechanism: block big particles + adsorb small particles
(Melt-blown Nonwoven Fabric) (electrostatic charges)

Problem: disappear of electrostatic charges
under moisture condition or meet vapor (short-time available:<1h)



Application based surfaces--Anti smog mask

Functionalized graphene-based anti-smog mask

SA

Advantage: large surface area of functionalized graphene
with many defects (adsorption property for small particles)
(long-time available: around 1week)



Application based surfaces--Anti smog mask

I Brand A (Japan)

I Brand B (UK))
I Brand C (South Korea)

I Brand D (USA)
I Brand E (USA)
I Brand F (Germany)
I Brand G (USA)
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Application based surfaces--Anti smog mask
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Application based surfaces--Anti smog mask
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Application based

urfaces--Anti smog msk |

100 nm

TEM irhages of filter materials with graphene

ununiform distribution uniform distribution



Application based surfaces--Anti smog mask
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Functionalized graphene-based mask for fog and haze/smog



Used after 2h
Filter materials with graphene

HV mode v‘-m‘g‘EH— det [E— 160 pm ——
3.00kvV | SE 500x | E .1 mm Nova NanoSEM

Used after 15h
Filter materials without graphene

/15/2016 | WY |mode | magEm| det | wp | e T T P—
4:50:10 PM | 3.00kV | SE 500x | ETD | 5.1 mm Nova NanoSEM



Used after 2h
Filter materials with graphene

12/15/2016 HV mode mag EH det 5um
4:45:05PM | 3.00kv | SE 10000 x | TLD | 5.2 mm Nova NanoSEM
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In situ property characterization --for application

Interface between the liguid and graphene?
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Water Qil
Selectivity, why?

Nature: Scientific Reports 3, 2117 (2013)
Advanced Materials 25, 5916 (2013)



Different liquids

Different surface structures

Liquid inside TEM ﬁ% %




In situ property characterization --for application

Growth of oil droplet

Unpublished results
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