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1. Challenges in Polymer Processing
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2. Innovation on Sustainable Manufacturing

3E: Efficiency, Energy-saving, Environment- friendly



2. Innovation on Sustainable Manufacturing

3E: Efficiency,

1




2. Innovation on Sustalnable Manufacturlng

3E: EfflClency dly o er—

Near net shape forming technology is in
dominant position of polymer processing

Injection Molding

10



2. Innovation on Sustainable Manufacturing

3E: Efficiency,

Problems Injection Molding

Simulation

How L
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2) Internal Stresses FiE + B Toat Sample
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2. Innovation on Sustainable Manufacturing

3E: Efficiency,

Problems Injection Molding
Shrinking and Warping
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2. Innovation on Sustainable Manufacturing

3E: Efficiency, S

Key Problem  How to control the
‘ molding precision ?
afa=HIEE ?

Polymer Molding

PVT ’ (3D copying)
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Metal Cutting T R e e e Polymer Rapid Prototype
(3D printing) 13



3E: Efficiency, =S
Key Problem How can we get PVT property ?

V(T.P) = VO(T){I—CIH[H r }}+VI(T,P) .
B(T)
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2. Innovation on Sustainable Manufacturing

3E: Efficiency,

Research We Invented a PVT tester
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Please pay attention to the difference of the

PVT Test Mechanism
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2. Innovation on Sustainable Manufacturing

3E: Efficiency,
Result and Application

o ] Injection Molding Machine
It was applied in China Precision Level 0.037%
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2. Innovation on Sustainable Manufacturing

3E: Efficiency,
Result and Application

Contents lists available at ScienceDirect
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POLYMER
TESTING
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Test Equipment
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based on an injection molding machine
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2. Innovation on Sustainable Manufacturing

3E: Energy-saving,
Problems  There exists Material and Energy Waste

In molding micro parts for 3C products,
more than 90% materials will be recycled

19



3E:

Research

Energy-saving,

We studied the imbalance flow behavior, and understand

that it’s due to the asymmetkic shearing heat distribution.

Imbalance flow in moldin
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2. Innovation on Sustainable Manufacturing

3E: Energy-saving, y o

Result and Application
We proposed a New Concept : Melt Differential Theory for polymer processing
And then invented Differential Injection Molding

P tent ZL200810227241 4
a_ - ’ ‘_1-@4_.;—_—‘;— —a L "“-Q-"7“;f-'-;.":"_;-"lu:~'.‘,-_ﬂ_;:-{}i":

' : ' | Hot Runner of Energy & Mater.
Differential Pump wsd  Waste =0




2. Innovation on Sustainable Manufacturing

3E: Energy-saving,

Result and Application

We also invented Melt Differential Extrusion Molding Method

Chlna Patent Z1.200910237622.5

3
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Materials
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a
100-1000 layer, Nano-structure
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2. Innovation on Sustainable Manufacturing

3E: Energy-saving,
Result and Application

Obviously, flow easily result in Energy-saving

4

Result

<)

Micro layer
Structure
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3E: Energy-saving,

Problems Energy Waste Rubber Industry

Tire vulcanization heating by water vapor. ]

The inside rubber mold is badly poor in heat transfer. Tire mold
Sy = —— “ Outside (steel)

Tire vulcanization machines

24



2. Innovation on Sustainable Manufacturing

3E: Energy-saving,
Problems Energy Waste Rubber Industry

Huge tire vulcanization heating time is long to 10 hours.
Energy-saving method is very important.

0 A ) 1 2 7
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2. Innovation on Sustainable Manufacturing

3E: Energy-saving,

Research we developed efficient heat transfer method,
and invented a new vulcanization equipment.

L
Patent: 201210157510.0
;j.i-; ;f S - @] Fa

Rubber mold

water vapor Electromagnetic 26



2. Innovation on Sustainable Manufacturing

SE: Energy-saving, T |

Result and Application
Performance increased & Energy saving 8~10%o !
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2. Innovation on Sustainable Manufacturing
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3E: Environment- friendly

1
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2. Innovation on Sustainable Manufacturing
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3E: Environment- friendly

Problems PMZ2.5 Pollution need Micro and nano-fiber
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2. Innovation on Sustainable Manufacturing

3E: Environment- friendly

Problems The best way to make nano-fiber is
Electro-spinning

Prof. Reneker in USA , has greatly promoted
Polymer solution electro-spinning technology

Polymer Solution
Electro-spinning

30



3E: Environment- friendly

Problems
In 2010 Shanghai World Expo

5y ‘

3 Shortages:
Low strength of fiber. Defects caused by solvent evaporation
Low productivity. < 5% of the solution become fibers

Solvent pollution. & PP, PE can not find solvent
31



2. Innovatlon on Sustalnable Manufacturlng
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3E: Environment- r|end|y T e——
Research Progress in Melt Electro-spinning

g lua:'l m H. Wendorfl, Seerma Agarwal,  DWILEY-VCH
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Only 1% of the published papers
| Is about Melt-Electro-Spinning
4 e We started this research from 2005,

and find it was limited by method and
equipments.
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2. Innovation on Sustainable Manufacturmg
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3E: Environment- friendly

Research
Then we invented Melt Differential Electro-spinning Method

As you know, Capillary electro-spinning is like a water tap: _
No Solvent pollution

Energy saving
N v High efficiency

|
w
)

Polymer solution

Polymer Solution
Electro-spinning
q'h It

. _A"““"

Melt Differential
Runner

High Voltage
Supplier

Melt leferentlal
Electro-spinning -

' ,’ __L : I =
i Receiver Plat ] ‘

Inspiration from nature waterfall
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2. Innovation on Sustamable Manufacturlng

3E: Environment—friendly B

Result and Application

We are doing very interesting work ,and got lot of superfine fibers shown as the
upside pictures, it is colorful because the diameter is as small as light Wavelength




2. Innovation on Sustainable Manufacturing

3E:

Result and Application
Up to now, we hold 14 Patents published 23 papers.

Our new theory explaining the
mechanism of Melt electro-
spinning:

Melt Differential
Tug of war effect

e

e technology: Production Line

Environment- friendly

Journal of Non-Newtonian Fluid Mechanics 202 (2013) 131-136

Contents lists available at ScienceDirect

Journal of Non-Newtonian Fluid Mechanics

ELSEVIER journal homepage: http://www.elsevier.com/locate/jnnfm

Tug of war effect in melt electrospinning

Zhaoxiang Liu, Yong Liu, Yumei Ding, Haoyi Li, Hongbo Chen, Weimin Yang ™

College of Mechanical and Electrical Engineering, Beijing University of Chemical Technology, Beijing 100029, China

ABSTRACT

Solution electrospinning (ESP) has been deeply investigated currently. However, the research of melt ESP
remains silent except a few progresses in device improvements and process investigation. In order to get
a deeper understanding of fiber characteristics in the melt ESP process, microscopic simulation method of
dissipative particle dynamics (DPD) was used here to create ESP simulation system. Fiber dropping pro-
cess and the effect of spring coefficient on Tug of war effect were successfully simulated. In addition, the
theory of Tug of war effect and the effect of factors on it were simulated and studied systematically.
Results showed that distance between two particles and end-to-end distance of chains had the same var-
iation tendency Tha crearching and safining thanms af isr s scnuiesd
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2. Innovation on Sustainable Manufacturin

e e

———

3E: Environment- friendly

Big Problem

Finally, I have to remind a very serious problem in polymer industry—Mercury Pollution
China is the largest country in mercury consumption, 59% used in PVVC producing.

hina Mercury Consumption Map Hg Pollution

Fluorescent Dental Long-range
Temperature Lamp Materials !art;nn .
nﬂ 0, gn e ng Hgﬂ g

PVC
59%

Human exposure

1o toxic methylmercu
via fish or seafood
consumption

=

sis (see the figure).
The use of stable

isotopes of mercury
H g 4»! J has improved scien-

tists” ability to trace pathway (7, &

Limestone CH, Hg
J%@'M@mﬂ \’ SCIENCE Vol.339 15March:1280

sl chlorcethylene %
(2) Hydrogen

Sl Cholorine “ AAAS 36




2. Innovation on Sustainable Manufacturing

3E: Environment- friendly
In order to solve the Oil dependence and mercury pollution in Polymer
Chemical industry, We invented an Eco-method from Stone to Polymer

o Stone o

‘Calcium <-— Limestone+Coal+Oxygen | mmmdp | CO+H2

H_ICarbide
lo
13- xl Ethanol
] Acetylene
China Patents :201310300933.8 World
H g ? _ Q Oi | ?
l @ % |Naphtha}@b‘ Etheylene |—
-Limestme @) | Ethylene
@ | Calcium [© { Other Dichloride
o— i L " “
g Polymer e i om0l
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3. Conclusion and future work
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3. Conclusion

Advances in Sustainable Manf_%' -
of Polymer Processing

1. Developed: Scientific instruments and equipments

1 |

: | 1 |

Visualization PVT test Polymer Melt
equipment of equipment of Electro-
polymer injection polymer spinning
molding processing equipment

Important discovery and know how to do better

Filling balance PVT properties Polymer Melt
related with depend on Differential
Shearing heat Shearing rate/ | | Law and Tug of

distribution T & P gradient War in ES
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3. Conclusion

2. Invented and developed some 3E method and machines

Il 4 4 B

Efficient micro Energy saving Energy sa.ving Envir9nmenta|
injection Extrusion radial tire friendly
manufacturing Melt ES

molding molding
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3. Future work

Stone

.:-.1"‘_1 -.;7-2“}
Calcium | gummm |Limestone+Coal+Oxygen | mmmp | CO+H2
Carbide

Oil x

Mechanical + Chemical =Environmental friendly organic materials
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3. Future work

Develop PVT tester for Ultra-high speed and
precision polymer molding and 3D printing

HBEDRT

i‘ﬂiﬁlﬁlm a

liitﬁﬁ(ﬂ! si&ﬁ
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BNERSOHET ! )
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PVT Property
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AT 555 Aty

Mechanical + Chemical: Solve important scientific and technical problems 42



3. Future work

Develop PVT tester for Ultra-high speed and
precision polymer molding and 3D printing

Rapid Prototype

(3D print)

—— it

Cutting PVT Molding (3D copy)

V(r.P)= V,’(T){I—Cln[l +L]} +V(T,F)
B(I) -
-__. {f

L)

WBENSET

Aiteexs
HSEEST

BEER(A SIS
SER )

misEeT

WHRASEFIST

43



Acknowledgement

The research was supported by NSFC, China Ministry of Science and
Technology, The National Development, Reform Commission and some
industrial companies such as Haitian Group, Triangle Group and Hongda
Industrial Group. My colleagues and students in the Polymer Processing
and Advanced Manufacturing Center also have done much valuable work.

44



Beljing University of Chemical Technology

< an okl D -1 2 3 B 3 D ‘r L3 3 4 ) y 3 *
g 1}') tb ol e
= i
i 5 ]
g A {(:
a

i et : .. R ; [ s = g ..': = -3. l‘. ‘. \ / . = '?‘
M mh;% ol
o iing A T e .

i




