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Presenter
Presentation Notes
Good morning, Ladies and Gentleman! I’m honored to be invited to attend the Medical Textile international conference on the Medical Textiles Network and Biocomplexity. My presentation is about Melt Blown Forming Technology of Antibacterial PP - g - NDAM.
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Distribution of main face mask products

 Face Mask classified by use:
Anti-dust face mask
Medical face mask
Anti-oil face mask

Face Mask Annual Output in China: 30 billions

Presenter
Presentation Notes
As we known, Masks can be used to protect body from bacteria, dust, pollen and other particles. In China, The annual output of face mask is about 30 billions which is increasing yearly. from the pie chart we can see that the highest market share is anti-dust mask, the medical mask is about 16%. 
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Medical Face Mask Classified by Structure

 Plane Mask

Molded Mask
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Fig.1 Molded Mask Structure
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Presenter
Presentation Notes
Types of medical face mask including plane and molded mask. the figure 1 shows the structure of molded mask. The process of molded mask can be completed in Donghua University.
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Materials of  Molded Medical Face Mask
4 layers Fibers fineness Composition

 Outer layer: Spun-bond                           16~20 μm                      PP

 Interface layer: Melt Blowing                   1.5~2 μm                        PP

 Skeleton layer: Needle Punching            14~25 μm                      PET

 Inner layer: Spun-bond                            16~20 μm                       PP

Spun-bond Melt blowing Needle Punching
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Presenter
Presentation Notes
There are 4 layers in typically molded medical face mask. Including 3 different materials. The outer and inner layer is spun-bond with needle punching skeleton layer and melt-blown interface layer. The performance of melt-blown material directly determines the quality of medical face mask. 



Introduction
• Antibacterial Medical Face Mask

Nano Sliver Antibacterial Medical Face Mask
Mechanism : Nano-silver damages the cell wall and genetic 

composition of  bacteria

Non-reusable

 Low Sterilizing Rate 

Short time use

Antibacterial PP-g-NDAM Medical Face Mask
Active chlorine kill bacteria

Active chlorine can be rechargable

More stable antibacterial property 

High Sterilizing Rate 

 Long time use
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Presenter
Presentation Notes
My research is focus on the Melt-blown forming technology of antibacterial pp-g-NDAM, which can be used to manufacture anti-bacterial medical face masks to enhance its performance ,and it is different with traditional antibacterial face mask ,active chlorine as its antibacterial element, it can be reusable and has more stable and higher sterilizing rate.



PP 

NDAM

PP-g-NDAM

Grafting Reaction of PP with NDAM
N- halamine precursor, 2, 4-diamino-6-diallylamino-1, 3, 5-triazine (NDAM)
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Introduction
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Presenter
Presentation Notes
The scheme shows the grafting reaction of pp with NDAM



Polymer Melt Blown Device

Raw materials

Feeding 
machine

Dehumidifier

Air heaters

Filter 

Reducing
valve
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Feeding funnel

Die 

Screw extrude
Buffer 
head

Receiving deviceRaising platform

valve
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Melt Blown Process
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Presenter
Presentation Notes
This is the processing flow of melt-blown device in Donghua university



Melt Blown Forming
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Outline 
• Melt blown Process
• Performance testing of raw materials
• Basic Property test
• SEM 

1st

experiment*

• Melt blown process 
• Basic Property test
• Fineness & Pore diameter test (for 3rd sample)
• Filtration test(for 3rd sample)
• SEM

2nd & 3rd

experiment*

• Content of active chlorine test (for the 3rd sample)
• Antibacterial property test (for the 3rd sample)

Antibacterial 
test

* The PP-g-NDAM which used in experiment 1st ,2nd & 3rd were synthesized at different time.
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Presenter
Presentation Notes
The chart shows the schedule of my research.



PP - g – NDMA  Melt Blowing Process
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PP - g – NDMA 
Resin Feeding 

Screw 
Extruder

Die 
nosepiece

Hot Air 
Stretching

Web 
Formation

Melt Blown Process

Fibers
Collector 

Web

Hot air
250~3000C

Near die 
surface

Near collector 
surface

Die nosepiece

600

1-Polymer melt
2-Hot air
3-Inlet region
4-Orifice flow region 
5-Swelling region
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Presenter
Presentation Notes
The chart shows the melt-blown processing of pp-g-NDAM. Firstly，we feed the pp-g-NDAM and pure PP material in different proportion which will be melt in Screw Extruder then, and be extruded through the orifices, at last stretched by hot air and forming-web on the collector. The hot-air temperature should be higher than the processing



Characters of Melt Blown Materials

 Superfine fibers: 1.5~2.5μm (Fig. 1)

 Randomized crossover arrangement of  fibers

 Many curved channels (Fig. 2)

 Small pore diameter (Fig. 3)

 Fluffy structure
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Fig.1 Fiber fineness of melt blown & spun-bond

Melt blown

Spun-bond

Fig. 3 Pore diameter of melt blown & spun-bond

Melt Blown Process

Fig. 2 Curved channels of melt blown

Nonwoven Engineering Dept. , Donghua University

Spun-bond
2~2.2D

Melt blown
1.5~2.5µm

Presenter
Presentation Notes
Microfiber melt-blown filter material because of its complex structure and random fiber �three-dimensional distribution  containing a large number of pores in the web, particles around fibers�through various types of curved fiber channel or path, greatly increasing the � floating particles’ colliding and resorting Rate .



Melt Blown Process
Parameters of Melt blown process

• Spinning temperature : 300 ~ 350°C

• PP MFI 25

• Diameter of Orifice： 0.25mm

• length to diameter ratio of Screw Extruder: 35:1

Problems during Melt blown Process

• Easy to high-temperature degradation of NDAM

• Pungent odor of the fabrics

• Fabric are yellow

• Orifices blockage

• Filament breakage

• Shots in the fabric
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The 1st Experiment

Nonwoven Engineering Dept. , Donghua University

Presenter
Presentation Notes
There are many problems in the 1st experiment. Such as the NDAM monomer is easy to high-temperature degradation which result orifices blockage , filament breakage and shots in the fabrics and so on. The main reason for these problems is the high melt-blown temperature. Polypropylene of MFI25’s spinning temperature is over 300 ° C(centigrade), but the NDAM monomer is completely degraded at the temperatures of 300 °, so the melt- blown processing temperature must be lower than 280°C.In conclusion , the spinning temperature is the key technological factors for modified PP forming process.
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The 1st ExperimentBasic Performance
Content of modified pp(%) 10 20 30 40

Thickness(mm) 1.08 0.67 0.56 0.53

Weight (g/m2) 77.69 75.56 72.14 71.87

Tensile (N) 7.65 6.89 3.76 3.48

Elongation(%) 16.6 18.84 10.24 8.74
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Melt Blown Process

Presenter
Presentation Notes
The table shows the basic performance of material in the first experiment. We can see the tensile strength and elongation is decreasing as modified pp’s content increased.
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10% modi PP

40% modi PP

20% modi PP

50% modi PP

30% modi PP

•Fabric Structure

The 1st Experiment

Nonwoven Engineering Dept. , Donghua University

Melt Blown Process

Presenter
Presentation Notes
The five SEMs shows the structure of different content of modified pp. with the content of modified pp increasing the number of shots significantly increased and the  fabrics are more rough and crisp.



Parameters of Melt blown process

 Spinning temperature : 240 ~ 280°C

 PP MFI 1500

Diameter of Orifice： 0.25mm

 length to diameter ratio of Screw 

Extruder: 35:1

14

The 2nd & 3rd Experiment

Melt blown Process

The 2nd experiment is better than    

the 1st

The 3rd experiment  is the best

Easy to forming

White fabric

Feel fluffy and smooth of the fabric

Non-pungent odor of the fabrics
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Melt Blown Process

Presenter
Presentation Notes
In the second and third experiment, we used pp(MFI 1500）and reduced the spinning temperature during the melt-blown processing. In the 3rd experiment，the effect of experiment is the best of the three. Specific performance is as follows.
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30% PP- g - DAM 40% PP- g - DAM 60% PP- g - DAM

•Fabric Structure

x100

x500

The 2nd experiment The 3rd experiment

The 2nd & 3rd Experiment

Nonwoven Engineering Dept. , Donghua University

Melt Blown Process

Presenter
Presentation Notes
As shown in illustration are scanning electron microscope of different levels of modified  PP melt-blown material. the modified pp used in material that content is 30% is different with content of 40% and 60%.  known from the time data,30% of  fiber fineness of the melt-blown material is thick, the diameter is 14um,the fiber have uneven thickness and  rough surface. There are many shots on the surface, the main reason  is that the graft rate of the modified pp is low as well as the grafting temperature is too high. 



16

Content of PP-g-NDAM (%) 30 40 60

Fibers Fineness (μm) 14.75±10.06 3.61±1.46 4.1±1.82

•Fibers Fineness The 2nd & 3rd Experiment

1

Nonwoven Engineering Dept. , Donghua University

Distribution of fibers fineness

Melt Blown Process

Presenter
Presentation Notes
This diagram shows fiber fineness scattergram of different content of modified pp.The fineness for content of 30% modified pp is worse than 40% and 60%. The main reason  is that the graft rate of the modified pp is low as well as the grafting temperature is too high. 
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Content of PP-g-
NDAM (%)

Thickness
(mm)

Weight
(g/m2)

Tensile
(N)

Elongation
(%)

40 0.91 44.47 8.5406 76.82
60 0.74 37.79 6.8974 73.88

Basic Performance The 2nd & 3rd Experiment

Nonwoven Engineering Dept. , Donghua University

40% pp-g-NDAM

60% pp-g-NDAM

Tensile strength curve Elongation 
(mm)

Te
ns

ile
  N

Melt Blown Process

Presenter
Presentation Notes
the table shows the basic performance of the 3rd samples. The tensile property of modified pp that content of 40% is better than 60%. The chart shows that with the content of modified pp increasing, the melt-blown material’s performance decreased.
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Content of PP-g-
NDAM (%) Thickness (mm) Mean Flow Pore 

Diameter（μm）
Bubble Point Pore 
Diameter（μm）

40 0.91 8.70 20.52
60 0.74 7.79 19.28

Pore Size Test
Instrumentation: Capillary Flow Porometer

40%  PP-g-NDAM 60%  PP-g-NDAM

The 2nd & 3rd Experiment

Nonwoven Engineering Dept. , Donghua University

Melt Blown Process

Presenter
Presentation Notes
The table shows that with 40% and 60% content of the modified PP melt-blown fabrics, the average pore diameter is less than 10um , and is similar as common melt-blown  material.



Filtration Efficiency Test
• Instrumentation：TSI8130
• Particulate matter ：Nacl
• Particle diameter ： 0.26um
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Sample Flow 
(L/min)

Respiratory resistance 
(mmH2O)

Filtration efficiency
(%)

Pure PP 32 1.81 35.16
40% pp-g-NDAM 32 1.1 30
60%pp-g-NDAM 32.1 1.33 28.77

Sample Flow 
(L/min)

Respiratory resistance 
(mmH2O)

Filtration efficiency after 
electret 30kv (%)

Pure PP 32 1.9 84.04
40% pp-g-NDAM 32 1.1 79.56
60% pp-g-NDAM 32.1 1.33 77.41

The 2nd & 3rd Experiment

Nonwoven Engineering Dept. , Donghua University

Melt Blown Process

Presenter
Presentation Notes
The table is about 40% and 60% content of the modified PP and pure PP melt-blown material’s filtration efficiency. Filtration efficiency of the two modified materials is only about 30% & 28%,less than the pure pp melt blown material which also without electret treatment. They are all failed to meet the filter material requirement of more than 85%. However, through the short time of electret，the melt-blown material’s filtration efficiency  increased to 79% & 77% which is not as good as pure PP fabric because the fibers are thick.



Fiber
Diffusion 

Electrostatic adherence

Gravitational

Inertial 

colliding

• Mechanism of filtration
Colliding 

 Electrostatic adherence

 Inertial impaction

Diffusion effect

Gravitational
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The 2nd & 3rd Experiment

Factors affect filtration efficiency
Diameter of fibers

Mean Flow Pore Diameter

Electret

Thickness 

Nonwoven Engineering Dept. , Donghua University

Melt Blown Process

Presenter
Presentation Notes
The figure shows the mechanism of filtration. The most important impact is colliding and electrostatic absorption. By electret treatment of melt-blown material, filtration efficiency significantly improved. Therefore, electret is the key technology for improving the filtration efficiency as well as  fiber diameter and pore size.In addition ,by improving the melt-blown processing parameters and the grafting rate, can  further improved the modified PP melt-blown material's filtering properties.
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Respiratory resistance
Medical respiratory resistance ≤35mmH2O  (GB2626-2006)

Melt blown of Medical face mask respiratory resistance :1~6 mmH2O

Pure PP melt blown Melt blown after nano coating

Resistance 5.4mmH2O 151.9mmH2O

Filtration efficiency 95.6%99.92%

x500

Nonwoven Engineering Dept. , Donghua University

Melt Blown Process

Presenter
Presentation Notes
The first SEM is about pure PP melt-blown fabric and the latter  is nano-coating of the first one ,and from the data we can see that through nano-coating treatment the fabric’s filtration efficiency is lower than before but the respiratory resistance is obviously increasing. However, electret treatment can increase filtration efficiency without increasing respiratory resistance



Evaluation of Antibacterial Properties
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Mechanism of Antibacterial PP-g-NDAM

Nonwoven Engineering Dept. , Donghua University

Presenter
Presentation Notes
The figure shows the mechanism of antibacterial pp-g-NDAM, it’s a reversible reaction.
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PP-g-DAM meltblown extracted in acetone washed in acetone unwashed

60% PP-g-DAM 95.49 210.4 336.07

40% PP-g-DAM 87.65 185.04 209.32

Evaluation of Antibacterial Properties
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Presenter
Presentation Notes
the figure shows the active chlorine contents of different elements of melt blown material. After the extraction by acetone, the content of anti-bacterial of melt blown material doesn't reach 100PPM. The main reason is the low grafting rate of pp & NDAM.



x100 x101 x102 x103

Control 8 86 10.5 2 61%
40%

S 8 65.5 6.5 0.5

Control 8 105 12.5 2.5 73%
60%

S 8 49.5 5 0.5

S.Auraus
(c=1x105)

Antibacterial result of cleaned samples

x100 x101 x102 x103

Control 8 233.5 46 5.5 27%
40%

S 8 220.5 33.5 4

Control 8 275 68.5 6.5 69%
60%

S 8 218 24.5 1.5

E.Coli
(c=3.0x105)

Evaluation of Antibacterial Properties
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Standard: AATCC100

Nonwoven Engineering Dept. , Donghua University

Presenter
Presentation Notes
The Antibacterial properties of different content of modified pp melt-blown materials are not ideal, far below  95%, because of the low active chlorine content.



Conclusion

The Melt-blown web forming technology of PP-g-NDAM is feasible

Key technology: control of fiber fineness distribution and fiber web 

evenness, besides, electret processing can increase filtration 

efficiency without increasing respiratory resistance

Anti-bacterial mask has a broad market  prospect.

Control the spinning temperature of melt blown process

Raw material affects the property of modified PP fabric

The best property: 60% PP-g-NDAM

The grafting ration affects the antibacterial 

25Nonwoven Engineering Dept. , Donghua University

Presenter
Presentation Notes
In conclusion, The Melt-blown web forming technology of PP-g-NDAM is feasible. Key technology: control of fiber fineness distribution and fiber web evenness, besides, electret processing can increase filtration efficiency without increasing respiratory resistance



Prospect
Optimize Melt Blown Technology

• Decrease the temperature of melt blown technology

• Decrease Fiber fineness ≤2μm

• Increase Filtration of Melt Blown Materials＞90%

• Improve the mechanical properties

Antibacterial Properties

• Improve the grafting ration of  PP and  NDAM

• Increase Antibacterial rate ≥99.9%

Realizing industrialization of face mask

26Nonwoven Engineering Dept. , Donghua University

Presenter
Presentation Notes
Our purpose is optimizing Melt Blown technology and antibacterial properties. In future, realizing industrialization of face mask.



The End

Thank you!

Nonwoven Engineering Dept. , Donghua University
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