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Palyvinyl chloride (PVC)
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Dioctyl phthalate,

Di-n-decyl phthalate

Acetyl n-tributyl citrate

Acetyl n-trihexyl citrate
Butyryl-n-trihexyl citrate
Epoxidized soybean oil (ESBO)
Epoxidized linseed oil (ELO)
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Component Parts per hundred
(pph or phr)

PVC 100

Plasticizer 20—45

Stabilizer 2—3

Epoxy 2—3

Impact modifier 4—6

Processing aid 1-2

External lubricant 0.2-0.3

Pigment As per color requirement
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IV storage bags -
Ventilator tubing -

IV infusion sets -
Endotracheal tubes -

IV infusion catheters -
Nasogastric tubes -

Blood storage bags -
Enteral and parenteral nutrition storage bags -
Blood administration sets -
Urinary catheters -

PVC exam gloves -
Suction catheters -

Chest tubes -

Nasal cannula tubing -




Hemodialysis tubing -

Syringes -

Extracorporeal membrane oxygenation (ECMO) tubing -
Cardiopulmonary bypass (CPB) tubing -
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Glycerides, Castor-oil-mono-, hydrogenated, acetates (COMGHA, CAS 736150-63-3) e
Acetyl-tri-n-butyl citrate (ATBC, CAS 77-90-7) e

n-Butyryl-tri-n-hexyl citrate (BTHC, CAS 82469-79-2) e
Di-iso-nonyl-1,2-cyclohexanedicarboxylate (DINCH, CAS 166412-78-8) e

Dioctyl terephthalate (DOTP, CAS 6422-86-2) e

Trioctyl trimellitate (TOTM, CAS 3319-31-1) e

Di-iso-nonyl phthalate (DINP, CAS 68515-48-0 and 28553-12-0) e

Di(2-ethylhexyl) adipate (DEHA, CAS 103-23-1) e
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Medical Devices Made with Polyvinylchloride (PVC) Using the Plasticizer di- ;s cos &)

'In vitro diagnostic medical devices
“Industrial monitoring and control instruments
"Non-DEHP-containing
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Plasticized (PVC-P) 4 Unplasticized PVC (PVC-U) a4 Ly o ply> ¥ Jgo

Property Unit PVC-U PVC-P*
Density gfcc 1.38—1.4 1.20—-1.30
Melting point °C 170-180 170-180
Glass transition temperature °C BO —40 to 20
HODT at 1.8 MPa or 264 psi °C 65—75 20
Tensile strength MPa 45—55 10-20
Elongation @ break % 20-100 100-500
Flexural modulus GPa 2-5 0.01—0.03
Impact strength (notched) Jim 20—-100 90—110
Hardness durometer A Shore A — 40—80
Hardness Rockwell Rockwell R 100—115 —

*40% DEHP.
PVC-U Unplasticized PVC.
PWC-P Plasticized PVC.
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Plasticized (PVC-P) 4 Unplasticized PVC (PVC-U) ,s K-value 50 ¥ Jgo

Process PVC-U PVC-P
Emulsion Suspension Mass/ Emulsion Suspension Mass/
Bulk Bulk
K Values* K Values*
Calendering
* Heat treated 75—80 — — — — —
films
* Floor coverings — — — 60—80 60—70 —
Extrusion (PVC-U)
* Tubes 70 T6—T78 67 —68 — — —
= Sheet and flat film 60—65 60 60 — — —
= Blown film 60 57—60 60 — — —
Extrusion (PVC-P)
= General — — — 65—70 65—70 65—70
Blow molding — 57—60 58—60 — 65—80 60—65
Injection molding — 55—60 56—60 | — 65—70 55—60
*DIN 52726-0.25 PVC In 60 ml cyclohexanone
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PVC
PVC plasticized Good | Good | Poor | Poor | Poor | Poor | Poor | Poor| Fair |Good | Good |Good | Good | Good | Good | Fair | Poor
PYC unplasticized Fair |Good |Poor | Poor | Poor | Poor | Good | Fair | Good | Good | Good | Good | Good | Good | Good | Good | Poor
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Solvents Conditions Identification Methods
Saline solution 121°C for 1 hour Gas chromatography
(mimicking agueous and buffer
solutions)
Vegetable oil (mimicking lipids) 70°C for 24 hours GC/MS
Dimethyl sulfoxide (DMSQ) 50°C for 72 hours LC/MS
Acetone:olive oil (4:1 viv) 37°C for 24 hours Infrared spectroscopy
Alcohol:saline (1:20 viv) 37°C for 72 hours FTIR
Isopropyl alcohol (IPA) Other specific conditions NMR
(justification required)
Methylene chloride LC/HPLC
(mimicking aerosols)
n-Hexane Atomic absorption
spectroscopy
ICPIMS
ICP/AES
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Polymer Steam Dry Heat Ethylene Gamma E-Beam
Oxide Radiation
FVC
PVC plasticized™" Fair Fair Good Good Good
PVC unplasticized™" Poor Poor Good Fair Fair
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Shore A Hardness Typical Applications

15s @ 23°C

30/40/50/60 Soft tubing

65 Heart/lung bypass tubing

70 Peristaltic pumping
tubing

50/60/70 Medium soft tubing

75 Blood tubing

80 Endotracheal tubing,
catheters, blood bags

80/85 Medium stiff tubing

a7 Drip chamber
components

99 Post-formable stiff
catheter tubing

SRSl gy 4 (Sdp alewg agd sl jL8 g0 (5w Ve Jgo

Shore A Hardness Typical Applications

15s @ 23°C

15/35/45 Soft molding applications

45/55/65 Face masks

70 Catheter funnels, enema
nozzles

75 Blood transfusion and
dialysis components

80 Blood transfusion set
components

90 Drip chamber
components

95 Drip chamber
components, end caps,
luer fittings

als

European Pharmacopoeia 8.0

Henshaw, D. L. and M. J. O’Carroll "SCIENTIFIC COMMITTEE ON EMERGING AND
NEWLY IDENTIFIED HEALTH RISKS (SCENIHR)."

Murphy, W., et al. (2016). Handbook of biomaterial properties, Springer.

Sastri, V. R. (2013). Plastics in medical devices: properties, requirements, and applications,
William Andrew.

VO



