
La conception d’emballages sûrs

est à portée de main

UMR 1145 Ingénierie Procédés Aliments

Equipe Interactions Matériaux et Milieux au Contact

UMT SafeMat « Matériaux Sûrs »

AgroParisTech site de Massy

Olivier Vitrac, chercheur INRA
olivier.vitrac@agroparistech.fr, http://sfpp3.agroparistech.fr

Emballages alimentaires : innover pour la sécurité et la durabilité

Paris, Jeudi 8 juin 2017



Anatomie d’une crise

Les solutions (1..7)

Conclusions







BPA

be
nz

op
he

no
ne

s

diisocyanate

ITX

MOA

biocides





Le règlement de 1908: « …aucune substance alimentaire ne doit contenir de produit nuisible, produits chimiques… »



"It is incredible that such defenseless 

beings as babies should face such serious 

risks in a product as widely used as milk" 



Migration
In water

Fat
simulant

acceptable
SML

M=241 g·mol-1

210-270 µg∙L-1

Food Additives and Contaminants, 2009, 26(12), 1556-1573.
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𝐹𝑜 =
𝐷𝑃𝑡

𝑙𝑃
2

monolayer with barrier to diffusion multilayer

MIGRATION: SOME TYPICAL CASES



alcoholic beverages radionuclides





Food Research International 2017, 88, Part A, 91-104.
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SOLUTION 2
additives with low

diffusion coefficients 

solution 3
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solution 6

solution 7

Conclusions
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Macromolecules 2013, 46(3), 874-888



SOLUTION 3
Solubility barrier

for apolar or low 

polar substances

solution 4

solution 5

solution 6

solution 7

Conclusions

𝑲𝒊,  𝑷 𝑭= 50 1/50
50 times for chemical affinity for P 50 times for chemical affinity for F



THE CONCEPT OF SOLUBILITY BARRIER

CHANGING THE CHEMICAL AFFINITY CLOSE TO THE SURFACE



Food Research International 2017, 88, 91-104.

Journal of Polymer Science Part B: Polymer Physics 2014, 52, 1252-1258.

Journal of Chemical Reactor Engineering 2010, 8.

Industrial & Engineering Chemistry Research 2010, 49, 7263-7280 ; 2009, 48, 5285-5301.

Excess mixing 

enthalpy: 

atomistic scale 

Excess mixing

Entropy: coarse 

grained repre-

sentations



ACETYLATION RATE FROM 0 TO 100%

PE PVAcEVA33 EVA45

APOLAR POLARITY++

Industrial & Engineering Chemistry Research 2017, 56, 774–787.



SOLUTION 4
Diffusion barrier with

materials with high 𝑻𝒈
polar substances

solution 5

solution 6

solution 7

Conclusions
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Journal of Chemical Physics 2010, 132, 194902.
Journal of Applied Polymer Science 2006, 101, 2167-218

Journal of Food Engineering 2007, 79, 1048-1064.
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Critical Reviews in Food Science and Nutrition 2017, 57, 275-312.



SOLUTION 5
Adding a gas phase

to slowdown migration

solution 5

solution 6

solution 7

Conclusions



SURROGATES (I)
Decane (C10)
Tetradecane (C14)
Hexadecane (C16)
Octadecane (C18)
Eicosane (C20)
Tetracosane (C24)
Octacosane (C28)
Dibutyl phthalate (DBP)
Bis(2-ethylhexyl) phthalate (DEHP)

Benzylbutyl phthalate (BBP)
Benzophenone
4-methyl benzophenone (MBP4)

Isopropyl-9H-thioxanthen-9-one

Anthracene
Naphthalene

Card-
board Air PP Air Tenax

Food Additives and Contaminants 

2017, Doi: 

10.1080/19440049.2017.1315777.
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Migration rate

benzyle butyle phtalate

(M = 313 g·mol-1)



>> FMECAKairP acetophenone
LOAD_CHEMSPIDER extraction of ChemSpiderID=7132 ('acetophenone') completed in 10.26 s
LOAD_CHEMISPIDER: updated cache

7132.mat 21-sept.-2015 21:37:19 77.6 kBytes C:\Data\Olivier\INRA\Codes\MS\cache.ChemSpider
CHEMSPIDER reuses cached data for 'acetophenone' (date=21-sept.-2015 21:37:19)

ans =
9.1995e-06

>> FMECAKairP ethylbenzene
LOAD_CHEMSPIDER extraction of ChemSpiderID=7219 ('ethylbenzene') completed in 11.9 s
LOAD_CHEMISPIDER: updated cache

7219.mat 21-sept.-2015 21:42:34 107.1 kBytes C:\Data\Olivier\INRA\Codes\MS\cache.ChemSpider
CHEMSPIDER reuses cached data for 'ethylbenzene' (date=21-sept.-2015 21:42:34)

ans =
2.2485e-04

>> FMECAKairP 'benzoic acid'
LOAD_CHEMSPIDER extraction of ChemSpiderID=238 ('benzoic acid') completed in 5.746 s
LOAD_CHEMISPIDER: updated cache

238.mat 21-sept.-2015 21:45:01 41.2 kBytes C:\Data\Olivier\INRA\Codes\MS\cache.ChemSpider
CHEMSPIDER reuses cached data for 'benzoic acid' (date=21-sept.-2015 21:45:01)

ans =
1.3674e-08



SOLUTION 6
Trapping migrants

solution 7

Conclusions
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Chemical Engineering Science 2007, 62, 2503-2521.



𝐷0 𝐷 ≈
𝐷0
2

9.1 10-13 m2/s 5.2 10-13 m2/s

stack of 14 films assembled as
[0 0 0 0 1 0 0 0 0 1 0 0 0 0]
• 1 = source, 0 = virgin
• film thickness: 40 µm
• contact time: 20 min

Defect and Diffusion Forum 2011, Diffusion in Materials - DIMAT 2011, 269-274.



SOLUTION 7
Identification, 

avoidance, 

correction 

of critical steps

components,

subtances, etc.

Conclusions

Molecular
Mechanisms



Risk of 

contamination 

by a photoiniator

in UV-curing
printing ink





AIChE J. 2013, 59(4), 1183-1212

CF

Setoff (max. 100 
days@25°C)

HotFilling (max. 
10 mi@80°C)

Long-term 
storage (max. 
200 
days@25°C)

Microwave 
oven heating 
(max. 5 
min@100°C)

CF

HotFilling
(max. 10 
mi@80°C)

Long-term 
storage (max. 
200 
days@25°C)

Microwave 
oven heating 
(max. 5 
min@100°C)



tie layer = EVA

=292=186 (better)

=115
(almost acceptable)

=124



CONCLUSIONS

poor design and GMP

weak regulation rules

poor training Risk of

contamination

𝑖𝑔𝑛𝑜𝑟𝑎𝑛𝑐𝑒 =
𝐼𝑇

𝑊𝐻𝐴𝑇 𝐴𝐵𝑂𝑈𝑇 𝐼𝑇



Paper & board, 1935/2004/EC
Adhesives, 1935/2004/EC
Metals
Plastics, 10/2011/EC
Printings, 1935/2004/EC
Coatings, 1935/2004/EC

POSITIVE LIST (LOW TOXICITY: 
monomers, additives)
LOW MIGRATION

GENERAL REQUIREMENT:
MUST NOT ENDANGER 
HUMAN HEALTH





Regulation EC 2023/2006 - Good 

Manufacturing Practice for materials and 

articles intended to come in contact with food+VOLUNTARY APPROACHES & LOCAL ORDINANCES 

http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32006R2023


■ Exclusion/Negative lists

■ Recommended substances

■ Purity/traceability requirements

■ Migration (less than 10 ppb for non 

evaluated substances) and risk 

assessments

■ Inks prepared according to GMP

■ No-direct contact with food

■ No “visible’ Set-off in stacks and reels

■ No recycled paper or paperboard

■ No MOSH below C20, migration <2 ppm for 

C20-C35

■ Migration of MOAH (C16-C35)<0.5 ppm

■ List of raw materials and production aids

■ No holding/reheating above 90°C

■ No microwave uses

■ With internal bag

• PRINTING INKS
(EUPIA guidelines to be revised)

• MINERAL OILS




