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Synthesis of TFE Monomer

HF preparation:
CaF, +H,S0, = 2HF + CaSO,

Chloroform preparation:
CH,+3Cl, = CHCI;+ 3HCI

Chlorodifluoromethane preparation:
CHCl; + 2HF =  CHCIF, + 2HCI

TFE Synthesis:
2CHCIF, = CF,=CF,(TFE) + 2HCI
Other Monomers:
CF,=CFOC;F,(PPVE), CF,=CFOCF;(PMVE)
CF,=CF-CF;(HFP), CH,=CF,(VDF), CH,=CH,(ETHY.)
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Polymerization Techniques

=  Suspension polymerization

- Monomer, Initiator, Medium
- Product in stringy and irregular shape
- Converting into Free flow or fine cut

- Dispersion polymerization
- Monomer, Initiator, Surfactant and Medium
- Product in Fine Powder or Thick liquid
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Chemical structure and copolymer
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Chemical structure and copolymer
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Processing Techniques for Fluoropolymers

 Non meltable PTFE (Suspension grade):
- Preform formation i.e., billet moulding
- Sintering and skiving
- Ram extrusion

« E-PTFE (Dispersion grade):
- Paste Extrusion and/or spray coating

* |sostatic moulding and Automatic moulding

 Melt processable Fluoropolymers:
( FEP, PFA, ETFE, PVDF,THE,THV)

- Extrusion, Injection molding, Transfer moulding
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Fluoro polymers factsheet

POLYMER MONOMER UNIT | MELT POINT MELT MELT FLOW FABRICATION
°c! VISCOSITY. | RATE, dg/min. TECHNIQUE
Pa.Sec.
Granular PTFE -CF-CF»- 327 10100 Compression Molding
Fine Powder PTFE -CF-CF»- 327 10100 Paste Extrusion
Dispersion PTFE CF-CF,- 317-33 10"-10"% Coating Methods
FEP -CF,-CF,-C(CF5)F-CE.- 260-282 1010’ 0.8-18 7 Melt Processing
PFA -CF,-CF, C(O-RF-CE>- 302-310 4:10°-3410* 1-18©@ Melt Processing
ETFE -CF,-CF-CH)-CH, 254-279 0.7-10<10°" 3.7-169 Melt Processing
PCTFE -CCIF-CE>- 210-215 1-10® Compression Molding/
Melt Processing
ECTEE -CCIF-CF,-CH,-CH,- 240 - 1-50 Melt Processing
PVDF -CF,-CH,- 155-192 0.2-17x10° 5-180 Melt Processing
PVF -CHF-CH;- 190 Melt Extrusion of
Dispersion in Latent
Solvent
Soluble [CF)-CE e [Ce 305 - Latex Application
Fluoropolymers Methods
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Properties of PTFE & Fluoroplastics

- Excellent chemical resistance against solvents, chemicals and even corrosive agents like acids,
bases, cleaning solutions, oxidizing agents at high temperatures and pressures

- Superior resistance to damage and changes in performances by thermal shock during temperature
cycling over awide range

- Low dielectric constant which remains almost constant with wide range of frequency and
temperature change

- Unusual stability against weathering and fire

- Resistance to property changes with time & temperature
- Low friction and self-lubricity

- Non-stick property

- Excellent sealing property

- Most fluoro polymers do not require additives to enhance performance, and therefore offer a clean
surface without any contamination to the contacting liquids or other materials

- Due to low surface energy and smooth surface finish in comparison to alternate material solutions,
PTFE and /or Fluoroplastics are best material suited for easy cleanability of Bio Film inside the liners.
Due To low surface energy water will not stick to surface and will prevents / slow down the growth of
Bio film inside the liner.
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Applications of Fluoropolymers in CPI

Chemical Industry:
-Lining for vessels, columns, pipes, pumps, valves

-Seals, O-rings, gaskets, packing materials for
mechanical seals and other rotating parts

-Internal components for fractionating columns
and other equipment
-Heat exchangers, Hoses and expansion joints

Pharma and Laboratory:

-Hose chemical lining for pipe, valves and fitting,
reactor lining, agitator, injector, addition devices

-Fluoro polymer based Tubes, Bottles, Beakers,
Vacuum-DK, Stirrers, Sheets, Sampling device,

Adopter, Joints, Head bush €{C.

Antistatic PFA

Dyneon™ PTFE / TFM™ PTFE
Applications in the
Chemical Industry
(CPI)

Corrosion
protection
liner

Transfermolded
PFA

Ball valve

TEM liners

Diaphragm : compression Molded

Conventional PTFE Modified PTFE
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Molecular Structure = PTFR / TFM / PFA

Dyneon™ PTFE Dyneon™ TFM™ PTFE Dyneon™ PFA

Molecular weight:  ca. 100 Mio Molecular weight: ca. 20 Mio Molecular weight: ca. 1 Mio
Melt viscosity: 1012 Melt viscosity: 10°-1010 Melt viscosity: 108
Comonomer PPVE: --- Comonomer PPVE: <1% Comonomer PPVE: 3-4%
Melt-/gel point: 3471327 C Melt-/gel point: : 347/327 Melting point: 290-308 €

PTFE and TFM are not melt
processable fluoroplastics ¢

PFA is a melt processable
fluorothermoplastic
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TFM - Molecular structure and Properties

Molecular weight:

Melt viscosity:
Comonomer PPVE:
Melt-/gel point:

ca. 20 mio g/mol
10°-10'° Pas
<1%

3471327

Large Service temperature range: -200 to 260 °C
High purity /free of additives
No embrittlement or aging
Excellent Mechanical properties:
- High elongation at break
- Reduced SVI,
- Low deformation under load,
- Good recovery after deformation

Dense polymer structure due to improved
particle fusion

Very low pore content and reduced permeation
Improved surface quality and easy cleaning
Good weldability by special welding technique
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TFM — Improved Transparency and Surface Quality

Dyneon PTFE

Dyneon“‘ PTFE
TEM™ 1700

Reduced surface
roughness after |
machining

o Lol Al Yy o o,
f'f e

by .'.' ///j/f:
yeswrs, Dyneon PTFE
%Mﬁ,«fmflﬁw' f

(magnification 50x)
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TFM - Improved Cold Flow property

%
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Increased stability
For sealing applications
-Reduced loss of surface pressure
-Improved recovery behavior at
alternating load
-Better sealing vs. time
Assembly
-Shorter assembly time
-Reduced effort for tightening
Conditions:
Load: 15 MPa
Duration: 100 h
Remaining deformation after 24 h
recovery
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TFM - Improved Cold Flow property

Deformation under load (cold flow) at various temperatures

Cold flow Cold flow
[%]  30- [%] 30,
25- 251
20- 201
15 15-
10 10
5 5
0- 0
23C  50C 100C 150
Standard PTFE
Conditions:
Load: 10 MPa

Duration: 100 h

23C 50T 100C 150¢C

TFM™ PTFE

Remaining deformation after 24 h recovery
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TFEM — Improved SVI property

SVI
300

250+
200
150+
100+

50

PTFE TFM

SVI = Index for void formation
during stretching of PTFE

The better particle coalescence reduces
the stretch void index (SVI) of TFM PTFE
by a factor of more than 3.

- The smaller the SVI-value, the lower
the void formation during stretching

- Materials with low SVI-values (Dyneon
TFM PTFE) have low void content,
even in the stretched condition: i.e.
the product is more dense and less
permeable !

SVI = (USG — SSG ) X 1000

USG = unstrained spec. gravity
SSG = strained spec. gravity
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TFM - Improved Permeation property
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Improved barrier properties
Reduced emission at same wall
thickness

Reduced wall thickness at same
emission

Reduced permeation also after
shaping (SVI effect)
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TFM - Improved Permeation property

Permeation of SO,, HCI and Chlorine through fluoropolymers

(100 °C — Imm film)
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results in ™ > "4 par * PTFE = Dyneon™ TF 1750 PTFE
* TFM = Dyneon™ TFM™ 1700 PTFE
* PFA= Dyneon™ PFA 6502 N
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TFM - Improved Permeation property

Permeation of inert gases through fluoropolymers
(20 °C — 100 micron film)
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TFM - Improved Permeation property

water vapor Vs. film thickness

Permeation of

(100 °C)

cm?>

m=2-d-bar

Permeation in

%00

2000

1500

1000

500

00

\
\

N

~—

0 1000 2000 3000 4000 5000 6000 7000 000 9000

film thickness in ym

Permeation of

HCI gas Vs. film thickness

(100 © C)

—PIFE
—TFM

PFA

PTFE =TF 1750
TFM=TFM 1700
PFA=PFA 6502 N

cm=
m2-d-bar

Permeation in

2000

1500

1000

500

==PTFE
= TFM
PFA

0

2000 4000 6000 8000

film thickness in im

10000

PTFE=TF 1750
TFM=TFM 1700
PFA=PFA 6502 N



http://solutions.3m.com/wps/portal/3M/en_WW/Worldwide/WW/

Welding techniques for TFM PTFE

Principle:

Dyneon™ TFM™
PTFE sheet ‘

Pressure -

N\
7

Pressure

Weld line

|

/1717177

Heater bands

Release film Fixture

- Dyneon™ TFM™

= PTFE sheet
P
'_- ressure

Typical temperature program for
welding of sheets (2 mm thickness)

500,
BT

_ 40 Cooling rate: ca. 4 T/min
12
EL 300 BT
lg (switch off)

200 Pressure in the welding zone:

2.5-8 Niem?
100 i i i i
0 15 35 g5 Time [min]

Stress-strain-curves of original

Dyneon™ TFM™ PTFE and of the weld line

Stress

i

yield point

m— = Weld line
v = QOriginal material

|

e 5 Elongation

Butt welding by heater
band

- Applications:
Welding of Sheets,
Pipes or Tubes

-Results:
Excellent weld strength

Best welding technique
for TFM-TFM
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Welding techniques for TFM PTFE

Hot air welding with PFA rods

Principle:

PFA rod Dyneon™ TEM™ sheet

: X’ .:/g - v | Cover strip welding with PFA

finished weld line

Principle:
- { é ; V-groove Dyneon™ TFM™ PFA rod Surface milling Cover strip 1)

BV %

Applications: _

Sheet welding of Dyneon™ TFM™ Welded liner structure (example):

PTFE for lining applications in the ava g’ﬁg‘w’;“"}
Chemical processlng Industry {CP'). ?""\/g p::-ler 3] 2]
Quality control by dielectric strength - steel vessel
measurement.

1} Typical film thicknesses are 1 mm for the Dyneon™ TFM™ PTFE film and 0,2 mm for the PFA film.
Both films are joined by compressing at ca. 340 T.

2 Adhesive selection is determined by requirements for service temperature and chemical resistance.
Typically, 2K-epoxy adhesives (higher strength and chemical resistance) or 2K-PU systems
(higher elasticity) are used.

3 Alternatively also sandblasting
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Chemical resistivity of Dyneon Fluoro products
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Chemical resistivity of Dyneon Fluoro products
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Chemical resistivity of Dyneon Fluoro products

Tast unilt Dynaon™ Dynaon™ Dynaon™ Dyn@on™ Drynaon™ Dyniaon™ Drynaon™
Mcrthod PTFE TFM™ PTFE PFA’ FEP' ETFE' THV 5oO0° HTE 17057
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Hardress ASTM D2240/DIM EIE0E ShD EB B8 &0 E7 EE a4
Surface Roughness O 0.3 O34 P grachen <211 004 rfa® nfa® "
Elactrical Propartics
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e B o e T e T e P S I Tl S D o B D e P e (s U < ol 1o e b, ot o oty e e o i i
SEMPRE X Goos LH r D_,m:- P& sz 10N - Granuler: Dyrace —ul e n compisnce with spploible eguistons for epested food cormct e Cyemeon PFA GLOEMTRA, -'-‘:-MLI- _.m:- st b eompisncs with spplmstle mguishons for repested ood Snisc o

PFl 6! Gl
TPA ££1=WORA X ££15 LD - Consolar: Dy=son FEP X 8300 - Daparscn: |
X 6307 - Grarulsr: Dyrsmon FEP X 6350 - Ganier; Dyrnecn FEP X @07 - Ganelr
Dyneon wiith FI& 21 CFR 1772800

Dymecn THV & 312 - Aggiomamte, Sresulr Uysecn THY 500
Dymecn THY X 832 - Agglomamte, Cresuler; Dysson THY &0l

The fclla products s in

Compli with bt Emis

ity =f tha unwe o2 determia whattar

wen PP "hiomie gl waie for mxtnaion geade rean

I, = -
Dymeon mensteciums: @ vasety of THY sed HTE rstecais which St in compoitios, mel
e incios, wed pecparies. Mo coresk o for brthar rformston o sddéensl sadas

e Gomale, i heaas memmrnd o ruchinad s wetbow polatng
*zughsans memmard o tha mads o wdnaes tise
Hleizrrmbon not medakn

PP S51HIPFA X 5515 LEHP - Conmelar. Do
X0 — Comrilr Dirmcn FEPY 223

The fellawi

Dymecn THY & 330
Dy=ecn THY X 832

Compli with

ml Fx-z'w Caparmor, |
Ganiar; Dynazn FEP X 0107 - Goanslr

with FOA 21 CFR 177.2800:

pradhcia
Aggiomarts, Greeur: Uyseon THY 500

Aggiomarstn, Cranuber Dyseon THY £10D

Embe

ity ol the uses o dwiermine whatber

"Noma=sl e for mtraien grade rman
"Dyeeon rmsalacuom o vty of THY eed HTE meternin shich differ n compontes mok

Py 1nans. w2 recarten M et o commten o addtcne Tadas
*Rough-aan ~eemered o mechesad e wetsow polatng
"Rzughvams ~emmored o tha made o mdnde tize

¥edormaton not eiabln



http://solutions.3m.com/wps/portal/3M/en_WW/Worldwide/WW/

3M recommended grades and FDA Status

-Normal PTFE:

-TF-1750,TF-1620, TF-1641, TF-1645

-Modified PTFE:

-TFM-1700, TFM-1705, TFM-1600

- PTFE/TFM based compound:

-various composition available e.g., 25% carbon, 25% Glass

& 23%carbon+2% graphite ect.

-PTFE Paste extrusion:

-TF-2021, TF-2025, TFM-2033, TF-2029, TF-2071/72/73 ect.

-PTFE Dispersion:
-TF-5135, TF-5050, TF-5060, TF-5070
-Fluoro Thermoplastics:
*PFA - 6502TZ, 6515TZ, 6525TZ (UHP grades)

*FEP - 63017, 63037, 6307Z, 63097, 63227
*ETFE, THV, THE, PVDF

Legend: Y = Compliant | N = Not compliant |
P = Representative Samples Tested and Passed | NT = Not Tested

1000 Series | FDA | 3A | USP | 2000 Series | FDA | 3A | USP | 9000 Series | FDA | USP
TF 1750 Y P P TF 2021 Y P P TF 9201 Y NT
TF 1620 Y P p TF 2025 Y p P TF 9202 Y NT
TF 1641 Y P P TF 2029 Y P P TF 9205 N NT
TF 1645 Y P P TF 2071 Y P P TF 9207 Y NT

TFR 1105 Y P NT TF 2072 Y P P
TFR 1502 Y P NT | TEM 2001 Y P P

TFM 1700 Y P p

TEM 1705 b4 P P

TEM 1600 Y P P

TEM 1605 Y P P

TEM 1610 Y P P

TEFM 1635 Y P P
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