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1.	 Introduction

Sartorius Stedim Biotech bags and 
systems are widely used in biophar-
maceutical processes for a variety of 
unit operations of the commercial 
production of drug products such as 
vaccines, recombinant proteins and 
monoclonal antibodies and for the 
development of future biomolecules 
in clinical phases.

Buffers and media are increas-
ingly formulated, sterile filtered 
and stored in single-use Fluid 
Management Systems (FMS) that 
involve Flexel®, Flexsafe® and 
Flexboy® Bags integrated with 
filters, impeller mixers, tubing, 
connectors and monitoring tools, as 
well as transfer sets. Product inter-
mediates are also filtered and stored 
between UF|DF and chromatog-
raphy purification steps in gamma 
sterile Fluid Management Systems.

Fluid Management Systems are 
also adopted for the formulation, 
filtration and aseptic processing of 
final drug products. 

From buffer media preparation, 
cell culture operations, purification 
operations up to final formulation, 
filtration and transfer, the thermo-
plastic tubing TuFlux® TPE is a key 
element for the successful imple-
mentation of disposable manufac-
turing processes.

The TuFlux® TPE, Sartorius Stedim 
Biotech Thermoplastic tubing, 
is qualified, manufactured and 
released according to stringent 
product validation protocols and 
Quality Control testing to offer safe 
and robust single-use processes to 
the end users of the biopharmaceu-
tical industry.

The qualification of the tubing 
includes testing and inspection set 
up at supplier site with the goal of 
ensuring that tubing can be reliably 
and reproducibly manufactured.

We have compiled this validation 
guide so that users of TuFlux® TPE 
can plan, implement and document 
their own validation procedures.

This validation guide is appli-
cable for both TuFlux® TPE sold 
as a stand-alone product and 
pre-assembled on Sartorius Stedim 
Biotech single-use systems.
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1.1.	 Security of Supply
Sartorius Stedim Biotech offers 
the most secured manufacturing 
resources and capabilities on the 
market to ensure the strongest 
security of supply. We hold 
the most modern facilities in 
Europe, America, North Africa for 
production of pharmaceutical and 
medical plastic Fluid Management 
Systems with a total of 6.200 m2

(67.000 sq.ft) of controlled clean 
environment of minimum ISO 8 
Class. 

Our manufacturing plants operate 
under a common information 
system in order to offer flexibility 
and reliable product transfer 
from one location to the other. 
Consistent process performance 
is ensured by the on-going quali-
fication of all components and 
assemblies, manufacturing processes 
and personnel.

1.2 	 cGMP Quality Assurance from 
Sartorius Stedim Biotech
Consistent high quality of the 
TuFlux® TPE tubing is assured by 
careful selection of the raw material 
by Raumedic, well planned and 
validated production technologies 
and an efficient Quality Assurance 
Department, all of which result in 
high batch-to-batch reproducibility. 

1.3 	 Quality Assurance
For quality assurance, all materials 
are carefully selected and validated 
in accordance with Sartorius Stedim 
Biotech in-house guidelines and 
the specifications of our Research 
and Development Department 
including product performance and 
security of supply. TuFlux® TPE as 
a component undergoes quality 
controls. This involves 100 % batch 
testings. A lot release is based on 
in-process control and final control 
of the data. A lot is not released 
until all in-process and final quality 
control data are available. 

1.4	 Complete Traceability 
The product reference and lot 
number are printed on the label of 
the protective plastic bag and on 
the label of the box in which the 
TuFlux® TPE Thermoplastic tubing 
is packed. The traceable lot number 
allows convenient retrieval of all 
data compiled on the materials 
used, production steps and QC tests.

1.5	 Quality Management System
Sartorius Stedim Biotech has a 
Quality Management System in 
place to assure consistent high 
quality of the TuFlux® TPE tubing. 

Sartorius Stedim Biotech Quality 
Systems for single-use products 
follow applicable ISO 9001, FDA 
regulations and ISO 13485 for 
Medical Devices1.*** 

The complete Quality Systems 
Certificates are continuously 
updated and can be downloaded  
on our website  
www.sartorius-stedim.com.

	� Raumedic is also certified according 
to ISO 13485

1.6 	 Human Resources
Sartorius Stedim Biotech recognizes 
that human resources and personnel 
competency are of outmost impor-
tance and have therefore estab-
lished a comprehensive human 
resources management program. 
Stringent selection, motivation, 
initial and continuous training 
and qualification of personnel at 
all levels of the company assure 
that every employee is at his or 
her best at all times for each step 
of the manufacturing and control 
processes. Comprehensive training 
records are kept for all employees.

1.7	 Infrastructure
The buildings, equipment and 
work environment at Sartorius 
Stedim Biotech have been designed 
to maximize employee comfort 
and safety while responding to 
current GMP requirements for the 
manufacture of single-use FMS 
destined to the pharmaceutical 
industry and medical applications. 
All infrastructure (equipment, 
utilities, etc.) that has an impact on 
the product quality is inventoried 
and undergoes an appropriate 
qualification. *** �ISO13485 certificate for the sites 

of Aubagne, France and M'Hamdia, 
Tunisia
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1.8	 Purchasing Supplier and Raw 
Material Qualification
All our suppliers are carefully 
selected according to internal 
standards and applicable regula-
tions. Each raw material and|or 
component used in FMS is put 
through prior qualification. This 
qualification includes a list of 
required statements from the 
supplier that is dependent on the 
final use of the component and|or 
raw material. Typical requirements 
for components that are in contact 
with the product flow are the 
following (not exhaustive list):

	� USP <88> Class VI and|or 
ISO10993-6,-10, and -11 
conformity 

	� TSE|BSE statement EP conformity  
(if applicable) 

Change notification agreement 
with supplier in order to ensure the 
security of supply.

Beyond these requirements, 
Sartorius Stedim Biotech performs 
a qualification of the proposed 
component and|or raw material 
internally. For components, beside 
other tests shown in the following 
chapters which detailed the charac-
teristics of the tubing material, 
the qualification will be centered 
around the testing of the assembly 
of the new component with other 
components and|or bags that will 
be attached.

Disclaimer
TuFlux® TPE has not been tested 
and approved for patient cure and 
hospital, such as for temporary 
insertion or any in vivo procedure. 

TuFlux® TPE is intended to be used 
in the biopharmaceutical industry 
but not tested for implantable 
medical devices.

Supplier Evaluation
Suppliers are periodically evaluated 
on the basis of the following 
performance metrics: 

	� Delivery conformity.
	� Conformity of products on 

reception 
	� Compliance with delivery deadlines
	� Suppliers audit is performed period-

ically based on criticality.

1.9	 Verification of Purchased Product 
(Incoming QC)
Tubing products are inspected upon 
arrival at Sartorius Stedim Biotech 
against approved control speci-
fications. Typical testing require-
ments applied at incoming quality 
inspection are listed below:

	� Supplier documentation controls 
(Certificates) 

	� Packaging identification and 
integrity 

	� Visual inspection 
	� Dimensional check. 

Only approved materials will be 
allowed to be used in production 
of single-use FMS manufactured by 
Sartorius Stedim Biotech.
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2.	 Technical Specifications 

2.1	 Tubing Manufacturing
TuFlux® TPE is produced by 
Raumedic (Germany) under clean 
room conditions according to ISO 
14644, ISO class 7. The production 
site of Raumedic is certified 
according to ISO 13485:2003.

2.2	 Tubing Dimensions

Dimensions  
[mm] 
(ID + OD)

Dimensions  
[inch] 
(ID + OD)

Color  
Stripe

3.2 + 6.4 8 + 4 Yellow

6.4 + 9.5 4 + a Orange

6.4 + 11.1 4 + e Red

9.5 + 15.9 a + b White

12.7 + 19.1 1 + 3	 Grey

19.1 + 25.4 3 + 1 Blue

19.1 + 28.6 3 + 18 Black

RAL Code

8" + 4" 1018

4" + a" 1028

4" + e" 3020

a" + b" 9003

1" + 3"	 7046

3" + 1" 5012

3" + 18" 9005 W
T

OD

ID

Color Stripes
Every dimension has a dedicated 
unique color within the standard 
range of TuFlux® TPE for a clear 
identification.

This color stripe is fully embedded 
into the tubing wall and has neither 
contact to the inner-, nor the outer 
surface of the tubing. All tests 
results shown in this Validation 
Guide (if not specified) include the 
color stripes in their specific dimen-
sions.

2.3	 Type and Part Numbers Overview
Tubing coils made of TuFlux® TPE 
are of dimensions between 8" + ¼" 
(ID + OD) and ¾" + 18" (ID + OD). 
Tubing coils are provided in a 
double PE bags and single packaged 
in a cardboard box.

Part Number Dimensions  
[mm] 
(ID + OD)

Dimensions  
[inch] 
(ID + OD)

Tubing Coil Length  
[m|ft]

FSA121869 3.2 + 6.4 8 + ¼ 200|656

FSA121870 6.4 + 9.5 ¼ + a 125|410

FSA121871 6.4 + 11.1 ¼ + e 100|328

FSA121872 9.5 + 15.9 a + b 50|164

FSA121873 12.7 + 19.1 ½ + ¾ 30|98

FSA121874 19.1 + 25.4 ¾ + 1 20|66

FSA121875 19.1 + 28.6 ¾ + 18 20|66
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2.4 	 Material of Construction
The generic raw materials 
entering in the TPE formulation 
from the TPE compounder are 
described below.

The TPE formulation is 
composed of:

	 Styrenic Bloc Copolymer (SBC)
	 Mineral oil
	 Polyolefin
	 Additives
	� Pigments for colored stripes 

According to the current state-
of-the-art individual fisheyes 
due to raw material and 
processing, foreign material, 
dirt inclusions and air bubbles 
as well as contamination on 
the tubing surface, like intrinsic 
particles and fluff, cannot be 
completely excluded.

TuFlux® TPE is delivered to customers within the following dimensions specifications:

SSB PN# RM  
Description

SSB  
Product Description

Tube Diameter 
(ID + OD)

ID  
[mm]

WT  
[mm]

Color  
Stripe

FSA121869 TuFlux® TPE  
8" + ¼" Yellow

TuFlux® TPE 8" ID + ¼" OD  
Yellow stripe (200 m)

8" + ¼" 3.10–3.30 1.50–1.70 Yellow

FSA121870 TuFlux® TPE  
¼" + a" Orange

TuFlux® TPE ¼" ID + a" OD  
Orange stripe (125 m)

¼" + a" 6.25–6.55 1.50–1.70 Orange

FSA121871 TuFlux® TPE  
¼" + e" Red

TuFlux® TPE ¼" ID + e" OD  
Red stripe (100 m)

¼" + e" 6.25–6.55 2.25–2.45 Red

FSA121872 TuFlux® TPE  
a" + b" White

TuFlux® TPE a" ID + b" OD  
White stripe (50 m) 

a" + b" 9.35–9.65 3.05–3.35 White

FSA121873 TuFlux® TPE  
½" + ¾" Grey

TuFlux® TPE ½" ID + ¾" OD  
Grey stripe (30 m)

½" + ¾" 12.40–12.80 3.05–3.35 Grey

FSA121874 TuFlux® TPE  
¾" + 1" Blue

TuFlux® TPE ¾" ID + 1" OD  
Blue stripe (20 m)

¾" + 1" 18.75–19.25 3.05–3.35 Blue

FSA121875 TuFlux® TPE  
¾" + 18" Black

TuFlux® TPE ¾" ID + 18" OD  
Black stripe (20 m)

¾" + 18" 18.75–19.25 4.55–5.05 Black

Contamination with asbestos 
particles is excluded due to purity 
of raw materials used and due to 
manufacturing process.

TuFlux® TPE is free from any 
substances defines as SVHC – 
Substances of Very High Concern – 
by the European REACH regulation, 
Annex XIV. 

The material grade meets the 
requirements of heavy metals limits 
according to European directive 
2011/65/EC.
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2.5	 Physical Properties

2.5.1	 USP <661> - Containers, 
Physicochemical Tests – Plastic

Purpose
Physicochemical tests are designed 
to determine physical and chemical 
properties of TuFlux® TPE tubing 
and their extracts. They are 
performed on TuFlux® TPE samples 
before and after irradiation, 
autoclaving and accelerated ageing 
conditions. 

Test Method
Samples of the TuFlux® TPE cut in 
small portions previously gamma 
irradiated (50 kGy) were extracted 
in ultrapure water at 70 °C 
(158 °F) for 30 hours. The tests are 
conducted in order to determine 
physical and chemical properties 
of the test article and its extracts. 
The same test have been performed 
on non-sterile (5 years shelf life) 
or autoclaved (30 minutes at 
123 °C) tubing and stored during 
a period corresponding to a shelf 
life of 3 years (accelerated ageing 
conditions).

Condition Norm Conclusion

TuFlux® TPE

50 kGy/t = 0 USP 37 – NF32 <661> Compliant

50 kGy/t = 3 y USP 37 – NF32 <661> Compliant

AC/t = 0 USP 37 – NF32 <661> Compliant

AC/t = 3 y USP 37 – NF32 <661> Compliant

NS/t = 5 y USP 37 – NF32 <661> Compliant
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2.5.2	 Material Hardness

Purpose and Test Method
A measure of the indentation resis-
tance of elastomeric or soft plastic 
materials based on the depth of 
penetration of a conical indentor. 
Hardness values range from 0 (for 
full penetration) to 100 (for no 
penetration).

For each TPE plate, the hardness 
has been measured according to 
ISO 868 (Plastics - Determination of 
indentation hardness by means of 
a durometer (Shore hardness, 3s)) 
after different treatments (50 kGy 
or AC) and up to 5 years shelf life.

Test Results

Condition Time Standards Units Value

TuFlux® TPE 

NS t = 0 & t = 5 y ISO 868 Shore A 60 ± 5

50 kGy t = 0 & t = 5 y ISO 868 Shore A 60 ± 5

AC t = 0 & t = 5 y ISO 868 Shore A 60 ± 5
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2.5.3	 FT-IR

Purpose
FT-IR analysis has been conducted 
in order to highlight the chemical 
fingerprint of the polymer including 
additives.

No difference (no new peaks 
between the 2 spectra) is observed 
between the FT-IR spectra for 
the TuFlux® TPE tubes after the 
different treatments. (50 kGy or 
AC). The spectra are equivalent 
whatever is the treatment meaning 
that no physico-chemical modifica-
tions are detected with the FT-IR 
analytical technique.
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2.5.4	 Thermal Stability
The operational temperature range 
(ie. the temperature range where 
there are no transition phase like 
melting or glass transition phase) 
can be set from -55 °C to 135 °C 
for the TuFlux® TPE tube whatever 
the treatments (NS, 50 kGy or AC).

Moreover, the operational temper-
ature range can be set for the 
TuFlux® TPE tube from -55 °C to 
135 °C.

The following storage conditions 
shall apply:

	 Temperature: 15 °C (59 °F) to 25 °C 
(77 °F)

	 Relative humidity 30–60 %
	 No exposure of the tubing material 

to direct sun-light or UV-irradiation 
sources

2.5.5	 Oxygen Permeability

Purpose
This property is important when 
the product inside the TuFlux® 
TPE is sensible to oxidation and 
will be stored. The permeation 
phenomenon being driven by the 
partial pressure equilibrium on both 
sides of the tubing wall, no oxygen 
will enter the container if it is not 
consumed by the solution. The 
values displayed in this table are the 
maximum. 

Method
The test has been conducted on 
TuFlux® TPE ½" + ¾" with a wall 
thickness of 3.2. 

Test Results

Sample OTR  
[cm3/pkg/24 h]

Permeability  
[cm3.mm/m2/24 h/bar]

TuFlux® TPE 50 kGy 1.23 2440

TuFlux® TPE NS 1.35 3260

TuFlux® TPE AC 1.35 3132

N2

Metal part

Sample

Epoxy glue

Sample holder

PO2= 0 bar Air PO2= 0.2 bar
O2

N2 N2 + O2
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2.7	 Tensile Properties
The following values are determined 
on standard test specimens punched 
from a press plate.

Purpose and Test Method
A tensile test consists in applying 
an elongation to a normalized 
test specimen and measuring the 
resulting strength. Mechanical 
properties can then be defined from 
the stress-strain curve. 

Tensile Strength at Break (TS)
The stress a material can withstand 
before breaking is calculated by 
dividing the load at break by the 
cross section area of the specimen. 
The tensile strength test is 
performed with a tensile machine in 
traction mode.

Elongation at Break
The elongation is recorded at the 
moment of specimen rupture and 
often expressed as a percentage of 
the original length. Materials with 
high elongation at break withstand 
a high deformation before rupture.

2.6	 Compression Set Data According 
to ISO 815.
To assess the ability of the TuFlux® 
TPE material to recover and resist 
permanent deformation after being 
compressed, the compression set 
(in %) is measured according to 
ISO 815 (Rubber, vulcanized or 
thermoplastic – Determination 
of compression set – Part 1: at 
ambient or elevated temperatures).

Method:
In order to perform these measure-
ments, TPE cylinder sample 
specimens are prepared from
a TPE plate produced from TuFlux® 
TPE granules:

Three cylinder specimens are 
produced and for each of them, 
the compression set under constant 
deflection (CB in %, compression 
for 24 h at 40 °C) is measured. The 
average and standard deviation of 
these 3 values are also reported.

Results

 Condition Data Compression Set CB [%]

TuFlux® TPE 
material INS/t = 0

Sample 1 39.7

Sample 2 38.6

Sample 3 39.0

Average 39.1

SD 0.6
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Condition Min Tensile Strength (MPa) Specifications

TuFlux® TPE

NS/t = 0 11.9

Tensile Strength ≥ 5.0 Mpa

NS/t = 2 y 12.5

NS/t = 3 y 11.5

NS/t = 5 y 12.0

50 kGy/t = 0 7.7

NS/t = 1 y > 50 kGy > 50 kGy/t = 2 y 7.3

NS/t = 2 y > 50 kGy > 50 kGy/t = 3 y 6.1

AC/t = 0 12.0

NS/t = 1 y > AC > AC/t = 1 y 10.2

NS/t = 2 y > AC > AC/t = 3 y 10.8

Condition Min Elongation at Break [%] Specifications

TuFlux® TPE

NS/t = 0 827

Elongation at Break ≥ 450 %

NS/t = 2 y 826

NS/t = 3 y 815

NS/t = 5 y 820

50 kGy/t = 0 826

NS/t = 1 y > 50 kGy > 50 kGy/t = 2 y 764

NS/t = 2 y > 50 kGy > 50 kGy/t = 3 y 758

AC/t = 0 879

NS/t = 1 y > AC > AC/t = 1 y 824

NS/t = 2 y > AC > AC/t = 3 y 846

Specification

Properties Standards Units Value

Tensile Strength ISO 527-3 MPa ≥ 5.0

Elongation at Break ISO 527-3 % ≥ 450

Test Results
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2.8	 Chemical Compatibility

Purpose
A chemical resistance study is 
conducted to assess the resistance 
of TuFlux® TPE to a variety of 
chemical solutions.

Test Method
The tubes are tested according 
to the ASTM D543-14 (Standard 
Practices for Evaluating the Resis-
tance of Plastics to chemical 
reagents for 7 days at RT) (or 1 day 
at RT for 3 chemical reagents) with 
the following 24 chemical reagents 
for worst case or for their represen-
tativeness in customer applications:

Test Results

Chemical Reagents Test  
Conditions

Compatibility with  
50 kGy TuFlux® TPE 

Compatibility with  
AC TuFlux® TPE 

95 % Ethanol

7 d at RT

Compatible Compatible

70 % Ethanol Compatible Compatible

100 % Ethyl acetate Not compatible Not compatible

100 % Glycerol Compatible Compatible

3 % (1M) Hydrochlorid acid Compatible Compatible

1 % Citric acid Compatible Compatible

10 % (3,3M) Hydrochlorid acid Compatible Compatible

25 % (4,3M) Phosphoric acid Compatible Compatible

5M Ammonium hydroxide (pH14) Compatible Compatible

1 % (0,4M) Sodium hydroxide Compatible Compatible

50 % (19M) Sodium hydroxide Compatible Compatible

Buffer pH 4,6: Acetate buffer solution Compatible Compatible

Buffer pH 10: Borax sodium hydroxide Compatible Compatible

Buffer pH 7,2: Phosphate buffer solution Compatible Compatible

27 % (50 mM) Sodium acetate Compatible Compatible

100 % Triton X-100 Compatible Compatible

100 % Tween 80 Compatible Compatible

100 % Olive oil Not recommended Not recommended

100 % N,N-dimethylacetamide (DMA/DMAc) 7 d at RT Not recommended Not recommended

20 % N,N-dimethylacetamide (DMA/DMAc) 1 d at RT Compatible Compatible

100 % Dimethyl sulfoxide (DMSO) 7 d at RT Compatible Compatible

100 % N,N-dimethylformamide (DMF) 7 d at RT Compatible Compatible

20 % N,N-dimethylformamide (DMF) 1 d at RT Compatible Compatible

100 % 1,2-Propanediol (Propylene glycol PG) 7 d at RT Compatible Compatible

100 % Acetonitrile (ACN) 7 d at RT Compatible Compatible

100 % N-methylpyrrolidone (NMP) 7 d at RT Not recommended Not recommended

20 % N-methylpyrrolidone (NMP) 1 d at RT Compatible Compatible
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2.9	 Biocompatibility

Purpose and Test Method
Biocompatibility tests are performed 
to demonstrate that TuFlux® TPE 
is biocompatible and meets or 
exceeds the current USP and ISO 
requirements. Tests are carried out 
on TuFlux® TPE samples before and 
after gamma irradiation (50 kGy) or 
autoclave treatment (30 minutes at 
123 °C).
 
TuFlux® TPE tubing samples 
were supplied to an independent 
testing facility for evaluation 
under the current USP <88> Class 
VI, USP <87> and ISO 10993-5 
Biocompatibility standards.

USP <87> and ISO 10993-5: 
Biological Reactivity Tests, In Vitro
Within the context of a cytotox-
icity test according to USP <87> 
(equivalent to ISO 10993-5) no 
substances with cytotoxicity effects 
were detected. The test has been 
performed on non-sterile, gamma 
irradiated (50 kGy) and autoclaved 
samples (30 min at 123 °C).

USP <88> Class VI:  
Biological Reactivity Tests, In Vivo
TPE material meets the require-
ments of the USP <88> Class VI 
tests, meaning that biological 
neutrality has been proven via these 
experiment tests on non-sterile, 
gamma irradiated (50 kGy) or 
autoclaved sterilized (30 minutes at 
123 °C) tube samples.

	� Intracutaneous test
	� Systemic injection test
	� Implantation test (5 days)

Test Results

Condition Norm Conclusion

NS/t = 0
USP <87> ISO1993-5 Compliant

USP <88> Class VI Compliant

50 kGy/t = 0
USP <87> ISO1993-5 Compliant

USP <88> Class VI Compliant

AC/t = 0
USP <87> ISO1993-5 Compliant

USP <88> Class VI Compliant

50 kGy/t = 3 y
USP <87> ISO1993-5 Compliant

USP <88> Class VI Compliant

AC/t = 3 y
USP <87> ISO1993-5 Compliant

USP <88> Class VI Compliant

NS/t = 5 y
USP <87> ISO1993-5 Compliant

USP <88> Class VI Compliant
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2.10	 Other USP Compliances 

USP <85>: LAL Endotoxin Test 
TuFlux® TPE (non-sterile, t = 0) 
passed LAL Endotoxin Test according 
to USP <85> (equivalent to EP 
2.6.14).

2.11	 USP<788>: Particulate Matter
TuFlux® TPE tubing after pumping 
releases particulate matter in 
quantities below the specifica-
tions for large volume parenteral 
containers > 100 mL given in the 
current USP <788>.

2.12	 ADCF Certified 
TuFlux® TPE raw material does 
not contain any animal derived 
components and Raumedic does 
not add any animal derived compo-
nents during the TuFlux® TPE tube 
extrusion process.

2.13	 Tubing Printing
TuFlux® TPE is delivered printed 
with the following printing:
“Sartorius Stedim Biotech – 
TuFlux® TPE a/b" + c/d" – made by 
Raumedic”, where a/b is the internal 
dimension and c/d the outer 
dimension of the tubing in inch.

A strong exposure of the TuFlux® 
TPE printing on the outer surface 
with ethanol might result in partial 
ink removal.

The inocuity of the ink is proven by 
the tests performed according to 
ISO 10993-5.

2.14	 Sterilization Compatibility
The TuFlux® TPE may be unsterile 
when sold as a stand-alone product 
or sterile when sold pre-assembled 
on Sartorius Stedim Biotech bags. 
The tubing TuFlux® TPE is coiled in 
the relevant specified supply length 
and are supplied welded in double 
PE-bags, however non-sterile. 
TuFlux® TPE tubing can be sterilized 
according the well-known methods 
of sterilization technique, while we 
especially recommend sterilization 
via gamma rays (up to 50 kGy), 
water vapour (up to 123 °C for 
30 minutes).

It is the responsibility of the user to 
validate a sterilization process with 
autoclave for TuFlux® TPE. 

2.15	 Shelf Life and Recommended 
Storage Conditions 
The shelf life of TuFlux® TPE is 
5 years in non-sterile and 3 years 
in sterile conditions described in 
chapter 2.12. 

There is no substantial change of 
the specified physical, chemical and 
physiological parameters of the 
tubing material after that period 
of time.
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The tests of the TuFlux® TPE 
have been performed according 
to Sartorius Stedim Biotech 
or Raumedic internal standard 
methods. The qualification tests 
were performed at ambiant 
temperature.
 

3.1	 Burst Pressure Test

Purpose
The goal of the burst pressure test is 
to assess the pressure resistance of 
the tubing in non-sterile and after 
either 50 kGy or AC treatments and 
ageings, depending on the tubing 
dimensions (inside diameter and 
wall thickness).

Test Method
The pressure is increased with a 
constant rate (0.1 bar/s) until the 
failure of the tubing.

The test method is described in the 
scheme below:

3. 	 Functional Tests

The Water Burst Pressure (BP in 
bar) and the pressure at 10 % OD 
elongation (PEl in bar) have been 
measured with the following 
dimensions & conditions described 
in the table below

	 8" + ¼" TuFlux® TPE tube
	 ¼" + a" TuFlux® TPE tube
	 ¼" + e” TuFlux® TPE tube
	 a" + b" TuFlux® TPE tube
	 ½" + ¾" TuFlux® TPE tube
	 ¾" + 1" TuFlux® TPE tube
	 ¾" + 18" TuFlux® TPE tube

Air

Reinforced tubing

TuFlux® TPE 
sample

Metalic 
clamp

Manometer 

Water
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For each condition, 3 + 1 m tubes have been prepared for Burst Pressure (BP) and 10 % OD elongation (PEl) measurements.

Dimensions  
ID × OD [“]

Condition Mean Pressure at 10 % OD 
Elongation (PEl) [bar]

Mean Burst Pressure  
[bar]

8 + ¼

NS/t = 0 5.1 5.8

50 kGy/t = 0 5.0 5.7

AC/t = 0 5.1 5.9

NS/t = 5 y 4.9 6.2

50 kGy/t = 5 y 4.6 5.0

AC/t = 5 y 5.1 5.4

¼ + a

NS/t = 0 2.5 3.7

50 kGy/t = 0 2.3 3.7

AC/t = 0 2.1 3.8

NS/t = 5 y 2.8 4.0

50 kGy/t = 5 y 2.4 3.6

AC/t = 5 y 2.4 3.9

¼ + e

NS/t = 0 3.3 4.9

50 kGy/t = 0 3.3 4.6

AC/t = 0 3.4 4.7

NS/t = 5 y 3.2 5.1

50 kGy/t = 5 y 3.0 4.5

AC/t = 5 y 3.2 4.9

a + b

NS/t = 0 3.3 4.8

50 kGy/t = 0 3.5 4.5

AC/t = 0 3.3 4.8

NS/t = 5 y 3.1 4.8

50 kGy/t = 5 y 3.2 4.4

AC/t = 5 y 3.3 4.8

½ + ¾

NS/t = 0 2.5 3.6

50 kGy/t = 0 2.3 3.0

AC/t = 0 2.1 3.2

NS/t = 3 y 2.9 3.8

NS/t = 2 y > 50 kGy > 50 kGy/t = 3 y 2.9 3.6

NS/t = 2 y > AC > AC/t = 3 y 3.0 3.9

¾ + 1

NS/t = 0 1.5 2.5

50 kGy/t = 0 1.5 2.5

AC/t = 0 1.7 2.8

NS/t = 5 y 1.6 2.8

50 kGy/t = 5 y 1.6 2.5

AC/t = 5 y 1.8 3.0

¾ + 18 NS/t = 0 2.6 3.7

50 kGy/t = 0 2.6 3.6

AC/t = 0 2.7 3.6

NS/t = 5 y 2.6 3.8

50 kGy/t = 5 y 2.5 3.5

AC/t = 5 y 2.6 3.6
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3.2	 Pumping Life Time

Purpose
The goal of the pumping life time 
test is to assess the mechanical 
resistance of the tubing under 
pumping conditions.
 
Test Method
The aim of the Pumping Life Time 
(PLT) trial is to assess the durability 
in hour or in volume of the tube 
pumped at the maximum speed 
of the pump (320 rpm for biggest 
pumps and 220 rpm for smallest 
pumps) until the tube breaks and 
leaks.

The Pumping Life Time (PLT) is 
measured at SSB 

	 for the ½" + ¾" TuFlux® TPE tube 
(the most common and used tube 
size)

	 for the ¼" + e" TuFlux® TPE tube 
(the smallest most common and 
used tube)

	 for the ¾" + 18" TuFlux® TPE tube 
(the largest tube)
at

	 NS/t = 0
	 NS/t = 3 y
	 50 kGy/t = 0
	 50 kGy/t = 3 y
	 AC/t = 0
	 AC/t = 3 y

For each condition, 3 + 2 m tubes 
are prepared and placed in a closed 
system where tap water is pumped 
in recirculation in the tube at the 
maximum pump speed of 320 rpm 
(½ and ¾ ID) or 220 rpm (for ¼ ID) 
with Watson Marlow pumps (520 or 
720 series dependent on the tube 
diameter).

PLT  
[h]

NS 50 kGy AC

t = 0 t = 3 y t = 0 t = 3 y t = 0 t = 3 y

¼ + e 289 332 111 168 201 344

½ + ¾ 165 77 57 48 149 101

¾ + 18 100 76 91 48 55 106

Volume  
[kL]

Pump Flow Rate 
[L/min]

NS 50 kGy AC

t = 0 t = 3 y t = 0 t = 3 y t = 0 t = 3 y

¼ + e 1.5 26  29,880 10  15  18  31 

½ + ¾ 12 119 55,440 41 35 107  73 

¾ + 18 21 126 95,760 115 60 69 134 

Mean pumping life time in hours

Mean pumping volume in liter
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4.1	 Welding
The Thermoplastic Elastomer 
tubing TuFlux® TPE can be sterile 
connected to other TPE tubing with 
heat welding.

Using Sartorius Stedim Biotech´s 
BioWelder® TC, TuFlux® TPE can be 
used in wide range of applications. 

TuFlux® TPE parameters have to be 
installed on BioWelder® TC. 

Please contact Sartorius Stedim 
Biotech local Service team in case a 
parameter installation is needed.

For ease of use and to avoid 
mishandling, the color stripe for 
each dimension of TuFlux® TPE 
is corresponding to the correct 
BioWelder® tube holders (see 
chapter 2.2 for TuFlux® TPE color 
coding).

TuFlux® TPE can be welded to other 
TuFlux® TPE tubes within the same 
dimensions. The sterilization modes 
(gamma irradiation & autoclaving) 
can be used in all combinations.

TuFlux® TPE parameter development 
and qualification for BioWelder® TC 
include the following testing:

	 Visual inspection
	 Pressure test
	 Tensile strength test
	 Bacterial challenge test 

For more details please refer to the 
BioWelder® TC Validation Guide.

Welding capabilities for TuFlux® TPE 
with BioWelder® TC.

4.	 Welding, Co-Welding & Sealing

System BioWelder® TC

Tube TuFlux® TPE
TuFlux® TPE	8" + ¼" ✓

TuFlux® TPE	¼" + e" ✓

TuFlux® TPE	¼" + a" ✓

TuFlux® TPE	a" + b" ✓

TuFlux® TPE	1" + ¾" ✓

TuFlux® TPE	¾" + 1" ✓

System BioWelder® TC BioWelder® TC

Tube C-Flex® 374 AdvantaFlex®
TuFlux® TPE	 8" + ¼" ✓ ✓

TuFlux® TPE	 ¼" + e" ✓ ✓

TuFlux® TPE	 ¼" + a" ✓ ✓

TuFlux® TPE	 a" + b" ✓ ✓

TuFlux® TPE	 ½" + ¾" ✓ ✓

TuFlux® TPE	 ¾" + 1" ✓ ✓

✓ = �validated welding parameters on 
BioWelder® TC

	

4.2	 Co-Welding
The development and validation of 
TuFlux® TPE welding parameters 
allow connections of TuFlux® TPE 
to C-Flex® 374 and of TuFlux® TPE 
to AdvantaFlex® within the same 
diameters. The sterilization modes 
(gamma irradiation & autoclaving) 
can be used in all combinations. 
TuFlux® TPE parameters have to be 
installed on BioWelder® TC. 

Please contact Sartorius Stedim 
Biotech local Service team in case a 
parameter installation is needed.

TuFlux® TPE parameter development 
and qualification for BioWelder® TC 
include the following testing:

	 Visual inspection
	 Pressure test
	 Tensile strength test
	 Bacterial challenge test

For more details please refer to the 
BioWelder® TC Validation Guide.

Co-welding capabilities with TuFlux® TPE welding parameters

✓ = �validated co-welding parameters on BioWelder® TC
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4.3	 Sealing
The TuFlux® TPE tubing can be 
sealed (sterile disconnection) with 
BioSealer® from Sartorius Stedim 
Biotech.

BioSealer parameters for TuFlux® 
TPE are validated for gamma 
irradiated (25–40 kGy) and 
autoclaved (121 °C, 20 min) condi-
tions. Parameter development for 
BioWelder® TC include the following 
testings:

	 Visual inspection 
	 Pressure test 

For more details please refer to 
the BioSealer® technical report on 
TuFlux® TPE.

System BioSealer® BioSealer® Parameters

Tube
TuFlux® TPE	8" + ¼" ✓ P3

TuFlux® TPE	¼" + a" ✓ P3

TuFlux® TPE	¼" + e" ✓ P3

TuFlux® TPE	a" + b" ✓ P8

TuFlux® TPE	½" + ¾" ✓ P8

✓ = �validated sealing parameters for BioSealer®
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5.	 Cell-culture Trials

The aim is to assess whether the 
TuFlux® TPE tube is compatible 
with cell-growth (not inhibiting 
it) and then suitable to be used in 
bag systems or bioreactors for cell 
culture.

The cell-culture trials are performed 
according to the scheme on Figure 
1 with the following conditions:

	 Cell line: CHO-DG44 cells expressing 
human IgG1

	 Medium: ActiCHO-SM
	 Extraction ratio of  

R1 = 0.88 cm²/mL in the 500 mL 
Medium during 3 days incubation 
at 37 °C

	 then, obtention of the ratios  
R2 = 0.29 cm²/mL and  
R3 = 0.088 cm²/mL by respective  
3+ and 10+ dilution of the extract

	 Agitation of the shaking platform: 
160 rpm

	 Temperature: 36.8 °C
	 CO2 concentration: 7.5 %
	 Humidity: 80 %
	 Initial cell density:  

0.2 + 106 cells/mL
	 Working volume: 10 mL/well
	 Cultivation time: 3 days

The tube treatments (50 kGy and 
AC) and cell-culture trials are 
handled and performed for the 
½” + ¾” TuFlux® TPE tube at the 
following conditions:

	 50 kGy/t = 0
	 50 kGy/t = 5 y
	 AC/t = 0
	 AC/t = 5 y

Figure 1: Cell-culture trial scheme

Transfer

500 mL wide neck Duran bottles

 50 kGy irradiation 
 or 123 °C/30 min autoclaving

 �Non-static extraction in 500 mL Medium 
(37 °C, 3 d)

 �Cell transfer to extract
 �Cultivation inculture vessels (triplicate)
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Table 1: Cell-growth results for 50 kGy TuFlux® TPE Tube at t = 0 and t = 5 y

0

20

40

60

80

100

120

Normalized Cell-growth [% of Reference]

Reference 0.88
(n = 9)

0.29
(n = 9)

0.088
(n = 9)

Gamma-irradiated TuFlux® TPE at t = 0 year

Reference 0.88
(n = 9)

0.29
(n = 9)

0.088
(n = 9)

Gamma-irradiated TuFlux® TPE at t = 5 years

Ratio [cm2/mL] 

0

20

40

60

80

100

120

Normalized Cell-growth [% of Reference]

Reference 0.88
(n = 9)

0.29
(n = 9)

0.088
(n = 9)

Autoclaved TuFlux® TPE at t = 0 year

Reference 0.88
(n = 9)

0.29
(n = 9)

0.088
(n = 9)

Autoclaved TuFlux® TPE at t = 5 years

Ratio [cm2/mL] 

Table 2: Cell-growth results for autoclaved TuFlux® TPE Tubes at t = 0 and t = 5 y 

Both 50 kGy and AC TuFlux® TPE 
tubes can be used for cell-growth 
applications after 5 y ageing and 
even at worse case extraction ratios.
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6.1	 Example of Certificate of Release for Stand Alone Coils

 

6.	 Example Certificate of Release for Stand Alone Coils



Sp
ec

if
ic

at
io

ns
 s

ub
je

ct
 t

o 
ch

an
ge

 w
it

ho
ut

 n
ot

ic
e.

 P
rin

te
d 

in
 G

er
m

an
y 

on
 p

ap
er

 t
ha

t 
ha

s 
be

en
 b

le
ac

he
d 

w
it

ho
ut

 a
ny

 u
se

 o
f 

ch
lo

rin
e.

 
M

at
er

ia
l N

o.
: 1

00
00

49
76

2 
Va

lid
at

io
n 

G
ui

de
 T

uF
lu

x®
 T

PE
 –

 T
he

rm
op

la
st

ic
 E

la
st

om
er

 T
ub

in
g 

| 
Ve

r2
01

8-
03

 www.sartorius-stedim.com

Europe
Germany
Sartorius Stedim Biotech GmbH 
August-Spindler-Strasse 11 
37079 Goettingen

Phone	+49.551.308.0

Sartorius Stedim Systems GmbH  
Robert-Bosch-Strasse 5–7 
34302 Guxhagen

Phone	+49.5665.407.0

France
Sartorius Stedim FMT S.A.S. 
ZI des Paluds 
Avenue de Jouques – CS 91051 
13781 Aubagne Cedex

Phone	+33.442.845600

Sartorius Stedim France SAS  
ZI des Paluds 
Avenue de Jouques – CS 71058 
13781 Aubagne Cedex

Phone	+33.442.845600

Austria
Sartorius Stedim Austria GmbH  
Modecenterstrasse 22 
1030 Vienna

Phone	+43.1.7965763.18

Belgium
Sartorius Stedim Belgium N.V.  
Rue Colonel Bourg 105 
1030 Bruxelles

Phone	+32.2.756.06.80

Hungary
Sartorius Stedim Hungária Kft.  
Kagyló u. 5 
2092 Budakeszi

Phone	+36.23.457.227

Italy
Sartorius Stedim Italy S.r.l.  
Via dell’Antella, 76/A 
50012 Antella-Bagno a Ripoli (FI)

Phone	+39.055.63.40.41

Netherlands
Sartorius Stedim Netherlands B.V.

Phone 	+31.30.60.25.080

filtratie.nederland@sartorius-stedim.com

Poland
Sartorius Stedim Poland Sp. z o.o. 
ul. Wrzesinska 70 
62-025 Kostrzyn

Phone	+48.61.647.38.40 

Russian Federation
LLC “Sartorius Stedim RUS” 
Vasilyevsky Island 
5th line 70, Lit. A 
199178 St. Petersburg

Phone	+7.812.327.53.27 

Spain
Sartorius Stedim Spain, S.A.U. 
Avda. de la Industria, 32 
Edificio PAYMA 
28108 Alcobendas (Madrid)

Phone	+34.913.586.098

Switzerland
Sartorius Stedim Switzerland AG  
Ringstrasse 24 a 
8317 Tagelswangen

Phone	+41.52.354.36.36

U.K.
Sartorius Stedim UK Ltd.  
Longmead Business Centre 
Blenheim Road, Epsom  
Surrey KT19 9 QQ

Phone	+44.1372.737159

Ukraine
LLC “Sartorius Stedim RUS” 
Post Box 440 “B” 
01001 Kiev, Ukraine

Phone	+380.44.411.4918

Sales and Service Contacts
For further contacts, visit www.sartorius-stedim.com

Americas
USA
Sartorius Stedim North America Inc. 
5 Orville Drive, Suite 200 
Bohemia, NY 11716

Toll-Free	 +1.800.368.7178

Argentina
Sartorius Argentina S.A.  
Int. A. Ávalos 4251 
B1605ECS Munro 
Buenos Aires

Phone	+54.11.4721.0505

Brazil
Sartorius do Brasil Ltda 
Avenida Senador Vergueiro 2962 
São Bernardo do Campo 
CEP 09600-000 - SP - Brasil

Phone	+55.11.4362.8900

Mexico
Sartorius de México, S.A. de C.V. 
Libramiento Norte de Tepotzotlan s/n, 
Colonia Barrio Tlacateco, 
Municipio de Tepotzotlan, 
Estado de México, 
C.P. 54605

Phone	+52.55.5562.1102

leadsmex@sartorius.com

Asia|Pacific
Australia
Sartorius Stedim Australia Pty. Ltd.  
Unit 5, 7–11 Rodeo Drive  
Dandenong South Vic 3175

Phone	+61.3.8762.1800

China
Sartorius Stedim (Shanghai) Trading 
Co., Ltd. 
3rd Floor, North Wing, Tower 1 
No. 4560 Jinke Road 
Zhangjiang Hi-Tech Park 
Pudong District 
Shanghai 201210, P.R. China

Phone	+86.21.6878.2300

Sartorius Stedim (Shanghai) Trading 
Co., Ltd.  
Beijing Branch Office 
No. 33 Yu’an Road 
Airport Industrial Park Zone B 
Shunyi District, Beijing 101300

Phone	+86.10.8042.6501

Sartorius Stedim (Shanghai) Trading 
Co., Ltd.  
Guangzhou Branch Office 
Room 1105, Xing Guang Ying Jing 
Building 
No.119, Shui Yin Road,  
Yue Xiu District, Guangzhou 510075

Phone	+86.20.3836.4193

India
Sartorius Stedim India Pvt. Ltd. 
#69/2–69/3, NH 48, Jakkasandra  
Nelamangala Tq  
562 123 Bangalore, India

Phone	+91.80.4350.5250

Japan
Sartorius Stedim Japan K.K. 
4th Fl., Daiwa Shinagawa North Bldg. 
8-11, Kita-Shinagawa 1-chome 
Shinagawa-ku, Tokyo, 140-0001 Japan

Phone 	+81.3.4331.4300

Malaysia
Sartorius Stedim Malaysia Sdn. Bhd.  
Lot L3-E-3B, Enterprise 4 
Technology Park Malaysia 
Bukit Jalil 
57000 Kuala Lumpur, Malaysia

Phone	+60.3.8996.0622

Singapore
Sartorius Stedim Singapore Pte. Ltd. 
10 Science Park Road, 
The Alpha #02-13/14,  
Singapore Science Park II  
Singapore 117684

Phone	+65.6872.3966

South Korea
Sartorius Korea Biotech Co., Ltd. 
8th Floor, Solid Space B/D,  
PanGyoYeok-Ro 220, BunDang-Gu  
SeongNam-Si, GyeongGi-Do, 463-400

Phone	+82.31.622.5700


	Validation Guide TuFlux® TPE – Thermoplastic Elastomer Tubing
	Table of Contents
	1. Introduction
	1.1. Security of Supply
	1.2 cGMP Quality Assurance from Sartorius Stedim Biotech
	1.3 Quality Assurance
	1.4 Complete Traceability
	1.5 Quality Management System
	1.6 Human Resources
	1.7 Infrastructure
	1.8 Purchasing Supplier and Raw Material Qualification
	1.9 Verification of Purchased Product (Incoming QC)

	2. Technical Specifications
	2.1 Tubing Manufacturing
	2.2 Tubing Dimensions
	2.3 Type and Part Numbers Overview
	2.4 Material of Construction
	2.5 Physical Properties
	2.5.1 USP <661> - Containers, Physicochemical Tests – Plastic
	2.5.2 Material Hardness
	2.5.3 FT-IR
	2.5.4 Thermal Stability
	2.5.5 Oxygen Permeability

	2.6 Compression Set Data According to ISO 815.
	2.7 Tensile Properties
	2.8 Chemical Compatibility
	2.9 Biocompatibility
	2.10 Other USP Compliances
	2.11 USP <788>: Particulate Matter
	2.12 ADCF Certified
	2.13 Tubing Printing
	2.14 Sterilization Compatibility

	2.15 Shelf Life and Recommended Storage Conditions
	3. Functional Tests
	3.1 Burst Pressure Test
	3.2 Pumping Life Time

	4. Welding, Co-Welding & Sealing
	4.1 Welding
	4.2 Co-Welding
	4.3 Sealing

	5. Cell-culture Trials
	6. Example Certificate of Release for Stand Alone Coils
	6.1 Example of Certificate of Release for Stand Alone Coils

	Sales and Service Contacts



