INTERNATIONAL
STANDARD 1

ISO
5309

First edition
2013-12-01

Implants for surgery — Differe
scanning calorimetry of poly et
ether ketone (PEEK)-polymers

compounds for useiin implanta
medical devices

Implants chirurgicaux —Calorimétrie par balayage diffé

tial
er
nd
le

rentiel des

polyéthercétones, polymeres et composés pour lutilisation dans les

dispositifs médicaux-implantables

-_— Reference number
=/ N— 1SO 15309:2013(E)

©1S0 2013


https://standardsiso.com/api/?name=f6977f8b42d66f4807063bcaf8e19b49

ISO 15309:2013(E)

COPYRIGHT PROTECTED DOCUMENT

© IS0 2013
All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized otherwise in any form
or by any means, electronic or mechanical, including photocopying, or posting on the internet or an intranet, without prior
written permission. Permission can be requested from either ISO at the address below or ISO’s member body in the country of
the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20

Tel. + 41 22 749 01 11

Fax + 4122749 09 47

E-mail copyright@iso.org

Web www.iso.org

Published in Switzerland

ii © ISO 2013 - All rights reserved


https://standardsiso.com/api/?name=f6977f8b42d66f4807063bcaf8e19b49

ISO 15309:2013(E)

Contents Page
FFOT@WOIM ..........oooooooeeeeeee e85 58558 iv
IIMETOAUICTION.........oooooee et %
1 SCOPI ...t 1
2 NOIIMATIVE FEFEIEINCES ..........oooooooeeeeeee oo 1
3 Terms and defiEtIOMNS ...t 1
4 Apparatus and materials

10

4.1 Differential scanning calorimeter (DSC)

4.2 SampPle PAnS. ...

4.3 BAIAMICE ... e

4.4 Reference MaterialS ... s

4.5 GAS SUPPLY ooy D e

TESE SPECIIMEINS......ooooooie st S e 3
Test conditions and conditioning of specimens.............. T o, 3
6.1  Test conditions
6.2  Conditioning Of SPECIMENS ...t Sttt 3
Instrument Calibration...........gf By N st | 3
7.1 Temperature CaliDration ... S| 3
7.2 Energy caliDration ... S et 3
PIOCEAUIE. ..ot NG5

8.1 Baseline measurement...
8.2 Sample preparation
8.3 Inserting the SAMPIE PANS ... 5 T 4
8.4 Temperature scanning progratnine

8.5 Examining the specimen w4
8.6 Data analysis ... pm . )
Test report and typical PROPETTIES. ... s 5
PIECISTON ... sttt | e 5

© 1S0 2013 - All rights reserved iii


https://standardsiso.com/api/?name=f6977f8b42d66f4807063bcaf8e19b49

ISO 15309

:2013(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

This International standard describes thermoanalytical differential scanning calorimetry (DSC) test
methods for Poly Ether Ether Ketone (PEEK) which can be used for quality assurance purposes, for
routine checks of raw PEEK materials and finished PEEK products or for the determination of comparable
data needed for data sheets or databases.

The following definitions apply in understanding how to implement an International Standard and other
normative ISO deliverables (TS, PAS, IWA):

— “shall” indicates a requirement;

«

— ‘should” indicates a recommendation;

— ‘Imay” is used to indicate that something is permitted;

«

— ‘lcan” is used to indicate that something is possible, for example, that an grganization qr individual
iis able to do something.

Arequirement is defined as an “expression in the content of a document'conveying criteria tp be fulfilled
if compliance with the document is to be claimed and from which no-deviation is permitted.”

A re¢ommendation is defined as an “expression in the content of a document conveying|that among
several possibilities one is recommended as particularly stitable, without mentioning ¢r excluding
others, or thata certain course of action is preferred but nothecessarily required, or that (in the negative
form)) a certain possibility or course of action is deprecated but not prohibited.”
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INTERNATIONAL STANDARD

ISO 15309:2013(E)

Implants for surgery — Differential scanning calorimetry

of

poly ether ether ketone (PEEK) polymers and

compounds for use in implantable medical devices

1

This|International Standard specifies a method for the thermal analysis of Poly Etherk
(PEEK) that is for use in the manufacture of implantable medical devices, using different

calo

The

temperature (Ty,) and the crystallization temperature on cooling (7¢).

2
The

indigpensable for its application. For dated references, onlyythe edition cited applies. |
referfences, the latest edition of the referenced document (including any amendments) appl

ISO

ISO 41357-2, Plastics — Differential scanning calorimetry (DSC) — Part 2: Determination of gld
templerature and glass transition step height

ISO
and

3

For the purposes of this document, the terms and definitions given in [SO 11357-1 and the foll

3.1

glass$ transition

reversible change imanmramorphous solid polymer or its amorphous regions in a semi-crystal
(or to) a viseous, rubbery condition to (or from) a hard and relatively brittle condition, which is
indidated by arstep change in the heat flow during heat-up

from|

3.2

extrapolated onset temperature of glass transition

Tieg

Scope

ifimetry (DSC).

[ransition temperatures to be determined are the glass transition temperature (7g),

Normative references

following documents, in whole or in part, are normatively‘referenced in this docunj

11357-1:20009, Plastics — Differential scanning calorimetry (DSC) — Part 1: General pring

11357-3, Plastics — Differential scanning(¢calorimetry (DSC) — Part 3: Determination of
gnthalpy of melting and crystallization

Terms and definitions

ther Ketone
jal scanning

the melting

ent and are
For undated
es.

iples

ss transition

femperature

bwing apply.

ine polymer

temperature at which the extrapolated initial baseline, on the low-temperature side of the curve is
intersected by the tangent to the curve at the point of inflection

3.3

midpoint temperature of glass transition

temperature at which the curve is intersected by a line that is equidistant between the two
extrapolated baselines

© IS0 2013 - All rights reserved
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34

melting temperature

Tm

temperature at which transition between the fully or partially crystalline solid state becomes a liquid of
variable viscosity, which is indicated by an endothermic peak in the DSC curve

Note 1 to entry: See Figure 1.
Y

25

1,5

0'5 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
0 50 100 150 200 250 300 350 400

Key
temperature, °C

heat flow, W/g

endothermic peak: 343,84 °C
328,58 °€/49,13]/g

N

Figure’l — Typical DSC Curve for PEEK (heating curve)

Note 2 to entty: The DSCtrace should be free of transitions other than those listed in Table 1.

3.5
crystallization

transition Detween tha avmnrehone o d cbabn and +hn Follyy Ay otk ally crgctallinn cnlid o e as
eewee e o podSgHa—Stateahatne—Tury— o pPattany—€FyStariie-—Soa—Sta

indicated by an exothermic peak in the differential scanning calorimetry (DSC) curve

4 Apparatus and materials

4.1 Differential scanning calorimeter (DSC)

The main features of the instrument shall be as specified in ISO 11357-1:2009, 5.1.

2 © IS0 2013 - All rights reserved
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Sample pans

Test material and reference pans shall be of equal size and mass, being manufactured from the
same material. The material of construction shall be physically and chemically inert to PEEK up to a
temperature of 500 °C.

EXAMPLE Aluminium.

4.3

Balance

The balance shall be capable of measuring the specimen, sample pan and reference pan mass to an

accu

4.4
Atle

4.5
Anal

5 r
CAU

oper

The {
from
avoid

acy of £ 0,01 mg.

Reference materials

hst two certified reference materials that bracket the measured temperaturerange ar¢

Gas supply

ytical grade gases shall be used.

[est specimens

'ION — PEEK is a hard semi-crystalline polymer and care should be taken during
ation in order to prevent injury.

est specimens of PEEK polymer can be in theform of powder, granules or pellets, or i
sample pieces of moulded or extruded polymer. When cutting specimens care shall
| heating or polymer re-orientation that.could affect the properties. Ideally a sharp s

or a Inicrotone should be used.

6

6.1

Test conditions and conditioning of specimens

Test conditions

Testing shall be undertaken' under ambient laboratory conditions. The DSC shall be switche

one |

6.2

Test

jour before testing'to allow for equilibration of the electronics and temperature.

Conditioning of specimens

samplesshall be conditioned for a minimum of 4 h at a constant temperature between 18

e required.

any cutting

t may be cut
be taken to
calpel, snips

d on at least

’C and 28 °C.

7

7.1

ncEraamaon
TSI UITITIY

&

Temperature calibration

Determine the transition temperatures for the two standard materials and measure the extrapolated
onset temperature in accordance with ISO 11357-1. Compare the nominal values to the recorded values.
The temperature calibration repeatability shall be better than 2 %.

7.2

Energy calibration

Determine the heat of fusion for the two standard materials and compare these values to the nominal
values. The repeatability shall be within 2 %.

© ISO

2013 - All rights reserved
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8 Procedure

8.1 Baseline measurement

Place empty crucibles of the same nominal mass at the specimen and reference positions in the crucible
holder. Adjust the experimental conditions to those which will be used for the actual measurement
run. The recorded DSC curve (i.e. the instrument baseline) should be close to a straight line over the
required temperature range. If significant baseline curvature is observed, check the crucible holder for
contamination.

NOTE

With computer-controlled instruments, any remaining curvature can be corrected for by subtracting

the instrume|

When a re;
repeatabilit

8.2 Samyp

At least tw
following pr

Weigh t

and 151
Re-weig
Seal the

Weigh
manufa

Re-weig

8.3 Insen

Use a suitab
DSC furnace
Close the in

ht baseline from the DSC curve.

.

le preparation

b specimens shall be prepared for each batch or sample undercinvestigation usin
ocedure.

he sample pan and lid to the nearest 0,1 mg.

Place the PEEK sample into the pan. The sample weight shall be adjusted so that it is between

mg. Record the specimen weight to the nearest 0,1 mg,
h the sealed sample pan and record the weigh tothe nearest 0,1 mg.

pan using a lid per the manufacturer’s recommended procedure.

Cturer’s recommended procedure.

h the sealed reference pan and regord the weigh to the nearest 0,1 mg.

ting the sample pans
le instrument (e.g. tweezers) to place the specimen and reference pans into the approp

. Ensure that theréis good, intimate contact between the base of the cell and the fur
strument lid.

erature scanning programme
1g temperature program shall be used:

specimen from 30 °C to 400 °C at a rate of 20 °C/min;

ind record the reference pan to the mearest 0,1 mg. Seal the pan using a lid pef

isonably straight line cannot be obtained, record the DSC curve after confitminlg its

b the

the

riate
hace.

8.4 Temy
The followiy
a) heatths
b)
c)
d) re-heat

hold at 400 °C for 5 min;

cool from 400 °C to 30 °C at a set point rate of 20 °C/min;

from 30 °C to 400 °C at a rate of 20 °C/min.

8.5 Examining the specimen

Remove the specimen pan from the instrument and check if there has been any overflow or
deformation of the pan. If so, separate the pan and lid to observe the residual specimen for evidence

of volatiliza

tion or reaction.

© ISO 2013 - All rights reserved
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Due to the inherent stability of PEEK, and PEEK compounds, overflow from the pan and/or deformation
of the pan should not occur.

Discard the result if any evidence of volatilization or reaction is observed in the batch of PEEK polymer
or PEEK compound.

8.6

Data analysis

8.6.1 General

The

ata shall be processed according to the instrument manufacturer’s instructions

8.6.2

Melting temperature

The melting temperature shall be determined in accordance with ISO 11357-3 and-tecorde

8.6.3

Thed

8.6.4
The

ISO 1
9 r

In ad|
samy

The {

If an

Crystallization temperature

Glass transition temperature

plass transition temperature shall be measured from the‘second heating cycle in acco
1357-2. This can be recorded as either the Teig or the Jyg.

[est report and typical properties

dition to the information required in ISO 11357-1, the test report shall include the batc
le reference number.

ypical range into which the transitiens fall is given in Table 1.

compound material under testmyight not be suitable for surgical implant applications.

10 ]

The precision of thissmethod is presently unknown as inter-laboratory data are not available

laboj

Precision

atory data aterhade available a precision statement can be added.

rystallization temperature on cooling shall be determined inaccordanc@with ISO 11357-3 ajnd recorded.

rdance with

h number or

y of the transitions fall outside.of the expected range, then the batch of PEEK polymer, or PEEK

.Once inter-
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