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Chemiocal & Technical Aspects of Pretreatment

When a metalic component, sither ferrous or non-ferrous, anives at the end of the
production cycle, It ja Inevitably covered by a noficsable amount of contaminants. These
contaminants ¢an be divided inte organic contaminants and inorganic contaminants.

- can be fransformed Into eoape (vegetable and animat ofis)
Organic conteminants =
- cannot be tansformed into scape (mineral cils)

- matalic particles from mechanical cparatians, »ic...

Inerganic contaminants "3
- atmosphenc dust

It is clear that the components cannot progress 1o the painting operation without remeving
thess contaminants. Even ¥ the abeence of Inorganic contaminants is assumed, the
presence of the organic residues can cause saveral problema such as physical barrier,
incompatibllity. side resctions with the binder of the organic coatings with resuiting alteration
of the bindsr compoesition.

Consequsntly any metalic surface must receive, before the painting procesaes, a pretreating
operation.

From a historical point of view, it can be said that eftar proceases aimed at pretreating the
matalic surfaces by means of a simple physical eliimination {mainly manual edimination) of
contaminants, there fofowed processes that in addition o the physiced cleaning of the
subsirate, “converted” the metal in order to Incresss the commosion rosistance of the paint

gystem.



The following main industrisl processes for the cleaning and/or conversion of metala are
today avalabia in the metal finishing markst:

1 ALKALINE DEGREASING
These processes sliminate the olly contaminants without preducing a conversion of the mets
surface.

PHATI

These procestes elminate the contaminant and convert the metal surface by depositing
Inorganic sats,

4. SOLVENT DEGREASING & SOLVENT VAPOUR DEGREASING
Thess proceases oiminate the contaminants by dissolving them in organic solverits, Also
solventivater emulsions can be used. They do not convert the metal surface.

4, HOT SOLVENT BASED PHOSPHATING PROCESSES

Theae proceeses aliminats the contaminants by maens of solvent vapours and convert the
substrate by means of an acid attack (after submersion of the components in the hot liquid
solvent phase).

3. ORGANIC PHOSPHATING PROCESSES

These processes convert the substrate by depcsiting an organic phoaphate on it
Thaey can be divided imo;

a} Organic Phoaphating processes which require previous remaval of contaminants.

b) Organic Phosphating processes which do not require previous removal of
ontaminants.

Chemiocal Aspects of Organic Phosphating

The Organic Phosphating process described here differs from the othere mentionad in 5 a)
since # is capable of degreasing and phosphating metatiic aurfaces by means of a one-siep
cperation at room tempenature.

The agant of this process is a parficular arganic polyphosphata which, bacause of its
Hpophiic nature, simyitaneously permits degreasing and phosphating of metafic surfaces
contaminated by clle and fais. Steel surfaces are thus covared, at the end of the pretreating
operation, by a thin layer of iron phophates oh steel (someatimes cther phosphates can alsc
be produced) coated by a polymenic fim. Unkke aqueous phosphating processes, this
procese works In a neardy anhydrous medium, the medium comprising a polyphosphate
dissolved in a midura of organic schvents. Although the process ccours in a single stsp, it
can be described in the following 5 phases:

1. Immaersion of the object to be treated in the tank containing the orgenic polyphosphate,

2. Removal of the oly and fatty contaminants which are present on the surface of the
metal by the solvents present.

3. Asorption of the contaminants by the polyphosphate.

4. Atack of the metal and formation, on the surface of the metal, of a ¢rystalline layer
of mbed phosphates,

5. Ramoval of the object from the tank, solvent flash off and final resction.

Phasee 2 and 3 can be discussad in tarms of tha hydregen banding and solubilly paramaters
of the syatem (see the information reposted in the enclosed Appendix A).
For the saks of bravity it should He rememberad that

{1) From hydrogen bonding and solubiity parameters determined both experimentally
and by using data published in the Kerature, £ can be concluded that for many
oily and fatly contaminanis have values as foliow:

solublity parameter & > between 8.8 and 9.1

around 1.5 for mineral contaminants

hydrogenbonding v =
around 4.0 for vegetable and animal contaminants

{2) Phase 2 can occur i, and only if, tha solvent blend shows a solubliity parameter
which is nearto § and a hydregen bonding parameter near the range 1.5- 4.



{3) Phase 3 can occur if, and only if, the phosphate poiymer shows a solubikty
parameter which is nearto 9 and a hydrogen bonding parametsr near the range
1.5-4. In this case the ciy or fatty contaminarts physically combine with the
phosphate polymaer by mixing with it, roughly a8 a plasticiser mixes with a linear
potymar.

{4) As far as Phese 4) is concemed , there ia not a great deal of difference between phase 4
of this process and the first atep of the phoaphating resction which occurs with the
conventional hot aquecus-based phosphating systam.
it would ba sufcient to mention thet with organic phoaphating, the starting sttack refies
on the preaencs of phoaphotic acld and phoaphata iona darved from the dissociation of
acid phosphates which are in equiibium with the polyphasphate polymer,

{For more detaied information consult the enclosed Appendix B)

The phosphating reactions, on the other hand, terminate during phase 5. in fact, during
solvents flash off the free acid groups present in the polymeric phosphate react with the
subatrats, ghving ree in a very short ime to a three- dimensionat structure

Theee strongly thres-dimensional macromelecuiss trap the cily and fatty contaminants
preventing their rigration.

The final structure of the crganic polyphosphate is therefore constituted by & very thin laysr of
mainly amorphous Inorganic phosphates covered by a fim of organic polyphosphate
polymer.

Stabllity of the phosphating solution
in the presence of oily contaminants.

The stabiity lmits of the process can be demonstrated by using a purpose-designed
methematical model of the reactions involved (see the enclcsed Appendsx C).

With this mathematical modei it ls possible to demonstrats that the phosphating soluctien is
capatie of absarbing a given psrcantage of olly contaminants without giving riee to poor film
adhesion (polyphosphate film alune or in combination with the final paint).

This percentage has been determined experimentally and It correaponds to & per cent by
weight on the ready to use organic polyphosphata solution, o
Consequently, it can be stated that the process is capable of treating without time imitation,
contaminated components with a guantity of oll not exceading 1.5 g/m .

Moreover, as the ofl contamination normally present on 1 sqm  of cold rolled steel s generally
equal fo 0.3-D.4 g, it can be concluded that the process is capabie of treating componants
showing & contamination level fourfMive timea higher than normal Ireepactive of the time
factor. :

Corrosion Resistancs and Mechaniaai Properties

The organic polyphosphats film obtainad with this process shows good comosion resistance
properties, It is Interesting to note that the corroslon reelstance of the cycle: “organic
phesphetingfinal paint coating” s not influenced negatively {within very wide fimits) by the
presance In the phosphating solution of oily and fatty contaminants.

it can be demonstrated that the maximum comrosion resistance was obtained with an of
contamination level of 1-2 per cent, whie an ol contamination level of 3 - 4 per cent does
not lsad to decraasea In corrosion resistance in comparison with the fresh non contaminated
arganic phosphating sotution.

As far as corroslon rasistance and machanical propertiss is concemed, the following
conclusions can be drawn:

- tha corrasion resistancs producad by the Organic Phoaphating la superior to that
produced by vapour degreasing or alkaline degreasing.

- the corrosion resistance produced by the Organic Phesphating is auperior to that
produced by conventional aqueous inorganic iron phosphate processes.

- the corrosion resistance produced by the Organic Phosphating is Inferior to that
produced by the aqueous zinc phosphate praocess.

- tha machanical properties of the organle pelymere fim producad by tha Organic
Phosphating are superior to thosa of the layers praduced by the aqueous iron
phogphate processss,

Another interesting feature of the Crganic Phosphating is the comosion resistance shown by
pieces PRETREATED BUT NOT PAINTED. This is connected with the non-porosty of the
organic polyphosphate when compared with conventional aqueous inorganic phoaphates,
which are essentially microporous.

The axceflent temporary protection of the process elows the storage of pretreated pieces for
weeks and even montha whhout comesion attack, as long as, the pleces are stored In
premises with normal relative humidity.

SE!




COrganio Phoaphating & Environment Proteotion

The Organic Phosphating Technology was developed with the objective of providing an
sconomical and safe methed of degreasing and phosphating both from the point of view of
ervironmental and operator safety.

The target wae achieved by cresting a more systematic approach fo the problem of
snvironment protection and by launching a Pelution Prevention Program.

The three main elemaents of the Pollution Prevention Programme include:

1. MATERIAL SUBSTITUTION
2. RESOURCE RECOVERY
3, GOOD HOUSEKEEFRING

1. Material Substitution

* Subetituting one material for another offers proapact of completely efiminating a
given paliution problem”

Degreasing & Phosphating s an unwanted but nacessary treetment used 1o remove organic
and Inorganic contaminants from metal surfaces befare additional surfacs freatment can be
dons (in case of phosphating a deposition of phosphate layer is sxpacted after the
treatment).

A common and efficiert methad ls degreasing by chiorinated solvents but the use of these
soivents has been criticized becauss of their negative impact on the environment,

The 1587 Montreal Protocol on Subetances thet Deplete the Ozone Layer brought to the
attention of the world that the deatruction of the stratoepheric czone layer can be attributed to
ermissions of CFCs and HHCs. Said Protocol and its subsaquant amendments proposad
elminating the use of CFCs and HHCs by the snd of thia decada.

Sinoe the Protocol was signed, looking for altemative substances of processes hes been the
heart of many company's managements, Tha industry is changing its degreasing &
phosphating processes {o meat new environmental requirements.

6-6

At this stage tha question ia:

are waisr basad degreasing & phosphating procesass
the only real alternative to ahiorinated soivants ?

Changing the degreasing & phosphating process from soivents to weter results in meving the
anvitonmentsl problams from sir to water.

Atmospheric emission control is not the only problem facing the metal finishing industry.

The most immaciate Impact on the metal finikhing industry waa tighter controls on s
atmospheric emissions but today, mors and more, industry's methods of disposing of soflds
and effivent wests are coming under greater scrutiny.

In water based degrsasing and phoaphating processes impurites such as olls, graases,
metas and additives continuausly accumuiate in the degreasing bath during aperation.
Because it i not practical to mix metal-containing wasta waters with degreasing bath kquors
and envitonmental impurties, the use of saparate treatment tachriques for spent degreasing
bath liquor Is necessary. Said techniques (for exampie mambrane fitration and evaparation,
or combinationa of both) are often axpensive and meens extra use of energy.

Furtharmors, sven though good results can be achleved with the right technalegy for affluent
traatmaent, and-of-pipe solitions are only of interest at the end of a water based degreasing

bath's ietime. A proionged e for the sciution is very Important to imit tha volumes that have
to be finally trestad.

And what about the Organic Phasphating ?

What is the Environmetal Impaot associsted o
the usa of this metal preireatment technology 7

"Water ©

The Organic Phosphating works in & nearly anhydrous medium, no water is involved in the
process | NC RINSING stagea are nacessary so that no water effiusnt are genemtad.
That means that an Organic Phosphating plant does not require the instaliation of costly
water purification equipments and no extra costs are needed to diapose of contaminated
watar,

"Boil™ '
Uinike conventional Aquecus phosphating procesaes, which require the metal parts to pacs
through & number of tanks and chemicais ta be heated in order to compiete the treatment,
the Organic Phosphating reaction takes place in ONE SINGLE TANK AT ROOM
TEMPERATURE and dose not generate undesirable "by-products” such as metal sludge
and muds, which have to be disposed of In landfils.



"Atmosphera”

For the Organic Phosphating Technology, the biggest issum is how to deal with emisslons of
compounds which are linked to two of the industrial world’s major air poliution probiems:
ozone depletion and global warming.

& recognized that certain soivents may be hazardous to human heatth or to the
environment, when emitted to air, diaposed aither in draina or landfii sitea.

IT IS ALEC RECOGNIZED, AND THIS CONCEPT IS NOT NEW BUT I8 AS OLD AS

g?élLJERSE, THAT IN NATURE EVERYTHING IS USED AND RE-USED BY FOLLOWING

"By thg end of the 1860 there was Increasing concem about the impact that phosphates
used in water besed detergents were having an waterways, Mounting scientific evidence
lInking phosphates with sutrophication caussd undarstandabla concem in tha datergent
industry and the major worldwide detergents producers decided o invest in the search for
affeciive substiiute. The strategy worked, and ncwadays phosphate-free” biodegradabie
detergenta have 100 percent market share In many countries. This goal was achleved after

mare than a decade of intensive resaarch and development orentad to introduce the concept
of BiIODEGRADABILITY",

Irtually the for the - w

Sclentrﬁc researches have found that not only CFCs and HHCs but also other apparently
benign matarials have undeeirabie environmental side effects when relessed to atmosphere
and there ls Increasing concern about the Impact that some materials are having on
atmosphere.,

At the same time, scientific researches have proved that, in batween the cizss of Volatle
Crganic Compounds (VOCs), same important clear distinctions have 1o be made and that the
hazardous potential may vary enormously over the vast range of VOCs,

A recent study conducted by the Organtzation for Economic Co-operation and Development
{CECD), demonstrates thet a first important distinction in between the class of VOCs can be

made by taking into conslderation the “rate of photochemica! transformation” of VOCs in air
under tropospheric conditions.

tn other worde, it can be sald that the new concept of PHOTODEGRADABILITY /
AIRDEQI_!ADABILrn’ have been Introduced to estimate the hazardous potential of VOCe.
Today, it is recognized that the VOCa which enter the troposphere due to manufacturing

processes, use pattams and their physlco-chemical properties may underge varous
photochemical reactions and subsequent breakdown.

G-R

The following photochemical procesass may contribute to a chemical's reaction and
breakdown or degradation In the tropashere:

Diract phototransformation, |.s. sxcitation of a molecule through absorption of a photon
followed by chemical reaction, usually axidation through reaction with axygen;

indirect phototransformation procesess:

- reaction with OH-Radicals

- reaction with czone

- raaction with other photochemically generatad spaciea.

Of the direct and indirsct phototransformaetion processes possible in the tropoaphere,
reaction with OH-Radicals is generally the most important. This is because reaction with OH-
Radicals is the most rapid phototransformation process for the majority of organic chemicals.
Organic chemicale that do not or only very slow react with OH-Radicals do not react with any
other photochemically formed reactve species.

Reaction with azone is generally of secondary Importance and only unsaturated aliphatic
compounds, suiphur(il} compounds, emines, polycyciic aromatic hydracarbons and phenclic
compounds undergo ozonolysis esslly.

The theory of Photodegradabiity plays an important role in the explanation of many important
phencranon such as the depletion of the azonae layer and the creation of acld ralns and
photochemical smog: '

"Due fo thelr great stabiity, CFCr and Halons migrate to the stratosphare, where they
decompase when exposad fo uttraviolet radiation, releasing chiorine and bromine. These
chemicals intaract in the ozone layer and each atom of them can destroy antwhaera from
10,000 to 1 millon ozone moleculese”.

"Due fo the presence of Suiphur and Nifrogen some VCCs , when emitted into atmosphere,
may breakdown releasing SOx and NCx which give an Important contribution to the
formation of acld rains apd photochemical smog”

©On the othar hand, tha theory of Photodegradablity demonstrates that NOT ALL VOCa
produce the same effects when released Into atmosphere; many VOCs when emitted to
atmoaphers, breakdown with a “reletive shori-ime” forming natural molecules that enter into
tha natural acosyster without giving rise to the formation of poliutants.

"Air Pallution Prevention” DOES NOT necassarily mean ELIMINATING the use of saivents,
“Alr Poliution Prevention” maans lack for anvironmentatly safe subetitute products operating a
RESPONSIBLE SELECTION OF MATERIALS and above all looking for CLEANER
PRODUGTIONS that involve "LIFE CYCLE ANALYSIS" to try and dupkicate nature and make
the maximum use of resources with minimum waste.



2. Rescurce Recovery

" Poliution Pravention” can also be made by keeping the potential pollutants within the
production syatem and re-using tham In the same or other procesass,

The ECOPHOR SYSTEM, the Iatest Organic Phoaphating technology now availabls, was
deveioped by following the Rescurce Recovery concept, n this process a sort of “Industrisi
scosystem” hias been created so that a simpla low-cost Recyciing Unit permits to Recover
moest of the "sciveris” and to re-use them in the plant, directly.

This new system Its a valld combination of MATERIAL SUBSTITUTION + RESQURGE
RECCVERY. New "airdegradabie” compounds are uasd g0 thai the process does not give
fise to hazardous emission at sf. Furthermaore, we use compounds having a very low vapour
presaure { more than 1500 times lower than watar) in a process that takes piace at ROOM
TEMPERATURE sc that a dramaticalty reduction of natursl evaporative lossea can be
achieved easlly. Last but not least, tha careful selection of the materials used not only ensures
a imited emisalon of "airdegradable” compounds but alse made it possible to realize an
axtremely simpie low-cost equipment which permits to Recover, from the sir stream leeving
the plant, most of the acivants contained In .

The result materials previously lost are Recoversd and Re-usad, Yelds are increasad, there
are Savings In Traneportation , Emissione have been significanty reduced In quantity and
improved in quality and we continue to provide the metal finishing market with the Best
available Technique Not Entelling Excessive Coats (BATNEEC).

3. Good Housskeeping

" The aim of Goed Housskeaping ls ta operate machinery and production system In the most
sfficient mannass”,

imprevernenta in Housekeeping practices can often reduce poliution by between a quarter
and a third. Fer sxample the proper aperation and reguiar maintenance of equipment can
oftan reduce Leakage and Overuse of material.

Thus envircnmental improvements can be achived through relatively aimpie good
housekeeping practices and ysually this does not require large capital expenditures,

Goed Houseieeping ia a besic task of companies managements and requires sitention to
detall and constant menltoring of raw matasrial flows and Impacts.

Conclusions

The aim of this papar wag not to presant the Qrganic Phoaphating ss a miracle tachnolegy
capable to substitute every ather metal pretrestment procees but that to demonstrate that

there are ways to prodyce simultansously bath economic development and a cleaner, safer
snvironmant.
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Clasanasr Degreasing & Organic Phosphating
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APPENDIXES

Chemical Aspects of Organic Phosphating
Appendix "A"

The Organic Phosphating process described here differs from the others mentioned in S a)
since it is capable of degreasing and phosphating metallic surfaces by means of a ane-step
operation at room temperature,

Tha agent of this process is a parficular organic polyphosphate which. because of s
lipophilic nature, simutaneously permits degreasing and phosphating of metallic surfaces
contaminated by oils and fats, Metallic surfaces are thus covered, at the end of the
pretreating operation. by a thin iayer of mixed zinc and iron phophatea coated by & polymeric
film. Uniike aquecus phosphating processes, this process works in an anhydrous medium,
the medium comprising & polyphosphate dissotved in a midure of organic sofvents. Atthough
the process ocours in a single step. it can be described in the foilowing 5 phases:

1. immersion of the object to be traated in the tank containing the organic palyphosphatse.

2. Removal of the cily and fatty contaminanta which are presant an the surface of the
metal by the solvents present

3. Agorption of the contaminants by the palyphosphate.

4. Attack of the metat and formation, on the surface of the metsi, of a crystalline layer
of mixed phosphates.

8. Removal of the object from the tank. soivent flash off and final reaction.

FPhases 2, 2 and 4 can be discussed in terms of the hydrogen bonding ang sclubilty
parameters of the system. The existing iiterature on these subjects I3, nowadays. very well
knoewn and censequently the basic thermodynamic theores need not be discussed.
However. it should be mentioned that, in the course of this discussion, use will be made cf
these concepts as they are described in a technicai article published by Huls. which ought to
be consulted for a deeper knowledge of this matter.



it shoulg be remembered that.

{a) The solubility parameter dm of a solvent piend i a linear function of the solubility

paramatars of the 3ingle soivents.
Thetefere, by using the inaat Algebraic form, 1t can be showh that!

dm=dx

where 8 isthevector 51,82,....8 n of the solublity parameters of single

soivents and x isthevector x1,:2 .. i of the voiume fraction of the single
ankenta.

{b) The hydragsn bonding parametsr of a solvent biend s a linear function of the

hydragen bonding parameters of the single schvents.

Therefcra, by using the linear algabraic farm # can be shown that:
¥Ym o= Hx

where H isthevactor y1, ‘P 1 y2, W2 ..y n.¥n
andwhere v1.v2, ... v n, arethe hydrogen bonding parameters of the

single sotvents and ‘P 1, W2, ... ¥n are comecting coefficlents which can
assume thevalus -1 0 +1. and x is the vector of the volume fractions of
the single solvents,

If 51, and ¥ 1 denote the salubiity parameter and the hyarogen bending

parameter of a certain substance and 82, and 72, the solublity parameter and
the hydrogen bonding parameter of a second substance. the solubility and
compatibility between the two substances ls:

81 =82,
-{1=- 2’

From hydrogen bonding and solubilty parameters determined both experimeantally
and by using deta published in the literature, # can be concluded that for many
oily and fatty contaminants have values as follow:

salubility parameter 8 = between 88 and 8.4

around 1.5 for mineral contaminants
hydrogen bonding y -
around 4.0 for vegetable and animal contaminants

The aimost invarieble & values may appear rather strange considering the
great variety of olls and fats which are industrially available.

Nevertheless, a guick examination of Small's formula:

TG
dap e

PV}

anid the conslderatian that these substances are essentially made up of long chains of sarben
atoms with many —CH2- groups, eads to the conelusion that the possible presence cf
sige ¢chains, unsaturation, functional groups. efc. involves smed variations of theterms £ &

and consedquanty of & .
in view of the abaqve, it can be stated that:

{a) Phase 2 can occur i, and only 1, the soivent blend shows a solubilty parameter
which is nearts 9 and a hydrogen bending parameter near the range 1.5- 4,

{b) Phase 3 can oceurif, and only if, the phesphate polymer shaws a solubility
paramater which Is nearte 8 and a hydregen bonding parameter near the range
15-4. Inthis case the oy or fetly contaminants physically comting with the
phosphate polymer by mixing with it, roughly ag a plasticiser mixes with a inear
potymer,

# is worthwhile mentioning thatas & and ¥ of the polimer differ from

@ and from 1.5-4, =o a proportionata incompatibility will te achieved

with consequent oif separation, precipitation. ate.

This fact sxplains why the organic phosphating processes descrined In 5(a)
require a degreasing operation before phosphaling can ba carried out




Chemical Aspacts of Ciganic Phesphating
Appendix “B”

Altack of the Metal Surface

With organic phasphating, the starting attack relies an the presence of phosphoris acid and
phosphate ions derived from the dissociation of zinc acid rhesphates which are in equilibrium
with the polyphosphate polymer.

The metal attack reactione correspond ta the presence of polarised areas on the substrate:
anedic areas, where metal dissolution occurs and cathodic areas where hydrogengasis
avoived.

In theory these areas arse permanently, but In practice, as metallc sufaces are
heterogeneous. thers are differentiai polarties which hinder a homogencus  atiack.
Subsequantly thare is the deposition of 3 salt layar on the metal surface.

To explain this phenoimensn twe theoties are generally accepted,

The first explains the depesition in terms of a cathodic process connected with a local loss of
acidity and pracipitation of phosphates because of hydrofysis equilibrium reactions. For
instance, in the case of zinc phosphate there are the following reactions:

In{HzPOs jz2 = ZNHPOC « + H3PQa
IINHPC : = Zna(PO 4 + Mz PO«

The secend theery explaing the depesttion in terms of an anodle precess. In the anodic areas
thera is a high concentration of cations treated by the attack of the matal. Becuase of this
high cation concentration, the value of the solubiity product [ Ms+ Ja [POas]: can be
overcame, with a caneequent sreclpitation of salts,

ttis impertant to note that according to this theory, the cation M 2+ can be either created by
the dissolution of the substrate being treated or can be present in the phosphating soiution.
Moreover,  according to seme authors the two preciptation processes occur at the same
time, and therefore # ie believed that in the casa of organic phosphating, tha incrganic
phosphate deposition can be axpiainad by using both theoriss, ieformation of hydrated
Im{PO4): ( onthe microcatnadie areas), formation of a layer of zincfiron phosphate (on tha
microcathodic areas in the case of the pretreatment of steml), :

it is interesting to note that according to these authors . The zinc/ iron phosphate shows
excellent adhesion as It is the metal itself of the substrate whish partesipates in the farmation
of the layer. Navertheless, the presence in the phesphating solution of an organic phosphate
pelymar showing strong stefic hindrance and poor ion disgociaton limits the development of
the above-mentioned deposifion processee. Therefore, there is In the case of arganic
phesphating, durng normal treatment times, enly a very thin ingorganic crystaline or
amorphous phoasphate leyar,

The phosphating reactions, on the other hand, terminate during phase 5. In fact, during
solvents flash off the fres acid groups present in the potymeric zine phosphate react with the
substraie. giving rige in a vary short time to a three- dimensional structure

These strongly three-dimensional macromelecules trap the olly and fatty contaminants
preveniing their migration.

The final structure of the organic polyphosphate is therefore conatituted by a very thin layar of
mainly amorphous Inorganic phosphates covered by a fim of organic polyphosphate
pelymar,
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Stabllity of the phosphating sqlutlon
in the presence of aily contaminants.
Appendix “C"

The stabiity limits of the process can be demonstrated by using a mathematical model of the
reactions Invohved. It s possible to demonstrate that the percentage of ol P(l) present In
the tank after the treatment of tM  of metalllc surface is:

t

P{t)s -a ;:oo(wészs) (wwzs) * awxmo(wz_s_;zg)

Where : & = guantily of oil in grams introduced Into the tank by 1 square meter of matal
surface.

W = total weight in grams of the organic phosphating sciution

25 » aasuming A consumption of chemicals equal to 25 grma/sqm.

I is clear from Figure (1) thatwhen t is very high the curvea show a harizontal asymptote.

Moreover, 1t s possible to demonstrate that the oil percentage P(t) at the asymptote pointis:
P = 4.«

considering ¢ in this case to be a dimensional value. Thel straighi 1lnel‘|rlldice_.tes the il
parcentage that the phosphating soluction is capable of absorbing wrlhou_t giving rise to poar
film achesicn (polyphosphate film alone or in combination with the final paint).

: i i i ds io B per cent by
This perceniage has been determined expenmaéntally and it correspon.
welgh‘:eon the ready to Use organic polyphosphate sclution. Ccnsequentry, It ¢an be statgd
that the process is capabie of treating without time limitation, contaminated compaonents with
a quantity of oil not exceeding 1.5 g/m .

' i lled steel is generally
recver, as the oif contamination normally present on 1sqm  of cold rolled
i::.chmuai to 0.3-0.4 g, it can be concluded that the process is capablq of treating components
showing a contamination level five imes higher than normal irrespective of the time tactor.
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