Software for the selection of chemical protective materials.
Description of ProtecPo and recent developments
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Introduction

The selection of chemical protective materials is a major problem due to

the number of chemicals used in workplaces. REACH estimates that there Given that Chemical protective clothing and gloves are made in polymer materials, the Hansen approach
are more than 100 000 chemical substances on the market. It is well was used to develop ProtecPo.

known that no protective polymer material exists that protects against all

classes of chemicals. The predictive software ProtecPo based on the

The development of the ProtecPo software

Hansen solubility parameters approach HSP allows select the best : q _ y
protective materials for single and mixture of chemicals. The Algorlthm Glove Material HSP and R
Material Swelling — calculaltion
Tests l
Figure 3 show the sequence followed in Solvents with RED (AR)
The Hansen SOlubIIIty Parameters apprOach the developme.nt of ProtecP.o. Each known HSP

polymer material was submitted to

swelling tests with 40 selected solvents.
Hansen stated that the solubility parameter 6, results of the contribution of The R and HSP for protective materials ® @ & [ Algorithm
three types of interactions: polar interactions, hydrogen bonds, and (Nitrile, Neoprene, Butyl, Latex and Viton) \ J
dispersion forces; > > > were calculated using the SPHERE . © 0 O )

0, = \/5(1 + 5p + 0, software. More than 3000 swelling tests

were performed. -Experimental data from \ I /
More similar the solubility parameters of two substances , higher the I[i)terat;ri_(Bgr Perm. rate, . RED,, etRED, .
solubility between them (Like dissolves like). The solubility of a chemical into The algorithm assumes that the radius of \ & Ajustment ,

a polymer can be estimated as follows: the sphere, is not a frozen value but can

5 5 5 be represented by a zone of uncertainty
A= \/4*(5dp —5;) (55 — 55) (5hp _5hs) (in yellow on Figure 4). The polymer is Zones around the sphere
resistant for the chemicals that are »
located in the green zone and is not
resistant for those in the red zone.

A is the dissimilarity factor, and the superscripts P the polymer and S the
chemical. For a binary mixture of chemicals, A becomes ...

2 2 2
A= \/4*(5dp ~ 5 ) 4 (5;’ —52" ) + (5hp ~ 5 ) The limits, RED_._and RED__ values, are
specific for each material.
O, can be represented by a point with its three-dimensional coordinates in a

figure with 6,4, 6, and 6, axes. The developed algorithm was validated by

comparing ProtecPo’s predictions to
experimental results found in the
@« D scientific literature and glove
manufacturers, as well as by comparing
these predictions with standardized
permeation tests.

The ProtecPo Software https://protecpo.inrs.fr/
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\ J The predICtlve SOftwa re Search by Sohrent | =3 b by Famill 5 h by Materisl B s d It= [0
. . contains information on the | p— |
Figure 1 represents the Hansen solubility concept. The center of the , @ _
This seagrch aliows yvol to select 8 solvent or g mixtire of solvents.
: : five more frequently used
sphere corresponds to 6,4, 6, and 6, of a polymer with radius R (the _ , |
50|ub|||ty ||m|t) prOteCt|Ve materials and « Selvent searching g Your mixture: one or more solvents
| 1200 chemicals substances. TS isobuy | (Q)| mfp |lecouwaleond Zernt | 1000 -
Th h b d b e Does your mixture contain impurities or unknowen Totarl: 100 %%
: : : e search can be made Jour sBwes oy sy fe SRS ey Peoter. — _
S, and S, are the coordinates of chemicals with values A; and A, y Does ol midure contsin water or an agueous
. . . . substance name or CAS i
values higher that the radius R. The chemicals are not soluble into the ber t ‘e chemical 9, start again of . Search o matshing matsrisk
NuMper to credte cnemicd
polymer. , o
mixture comp05|t|ons “*  List of pre-selected protective polymeric materials for your chemical composition
. . Figure 5). The search can
The A value for a mixture of S; +S, ( M ) fall inside the sphere (A<R). (Fig ) , Buty
Latex
. . . . also be made by chemical =
The chemical mixture is soluble into the polymer , . Heoprene
family (Figure 6) or by —
protective material. + Save the result
Hansen defined the Relative Energy Difference (RED) as follows ; e
Figure 5: Screenshot of a Search made by chemical substance
RED A Relative Energy Difference
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the Chemical iS n On S olubl e 15 frequently used substances can be displayed. The result table can be sorted by clicking on the column heading.
into the polymer P « Choice of a family of chemicals effortl d prOJECt to dEVE|Op d NEW
10 | - neonots database containing 10000
Aldehydes Glycol ethers v . . . .
For RED < 1 Qo Carvonc acs paogenat chemicals is in progress. Swelling
= Cetones Hydrocarbons .
the chemical is soluble and permeation test on randomly
|nt0 the pOIymer' ﬁ 5 1lfj 15 f Resistance of the protective materials for the chemical family Glycol ethers Se ECted Chemlcal-materlals palrs
5 @ Display only frenquently used solvents Wi | be performEd- If necessa ry,
) Display all the substances .
ZU 2 21;5 2 EHame ECASHG. EButyl EFluoroelastomer ELatex EHeoprene EHitriIe ad‘ UStmentS On the CaICUIated HSP
2-Ethoxyethanol 110-80-5 © D O © (R .
S Di{propylene glycol) (mixed isomers) 25265.71-8 © (1) © © (R and REDmax and REDmm WI” be
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Figure 3 is the calculated solubility sphere for a polymer material. In red SR g g g g g
Diethylene glycol monohexyl ether 112-59-4
are the chemicals that are not soluble into the polymer and in blue, the Dictayions hycol mencmetiytatber mars ) ) ) ) )
Diethylene glycol monopropyl ether 06881-94-3 @ @ @ @ @

chemicals that are soluble.
Figure 6: Screenshot of a Search made by chemical family



