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ABSTRACT

The use of oil and solvent-based products in the preparation and preservation of mietal haz
been common practice for over one hundred vears, While these producis may offer good
corrosion protection, they often contain hazardous ingredients and are non-degradable.
Recently, the use of vegetable oils has been found to offer many similar properties w
their petroleum derived counterparts. By incorporating vapor phase corrosion inhibitors
{VpCl's) into soy-based products, optimal cormosion protection can be obtained yielding
an environmentally friendly, bicdegradable product.

INTRODUCTION

Interim corrosion protection is 8 necessity in the processing of metals. The length and
method of this protection varies and is dependent on process, and destination of the
component in production, The most common method to provide in process protection is
1o apply a petroleum-based rust preventative (RP), as it has historically been perceived as
an inexpensive and effective method for said protection, This method can provide
adequate protection, however there are numerous drawhacks, The most obvious are the
inherent problems with removal, disposal, and cleaning requirements.
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When metal components are shipped or packaged after being coated with a petroleum-
based rust preventative, it creates another set of problems.  The components themselves
must be eleaned before further processing. such as painting, plating, or assembly.
Additionally, the packaging used in transport of the components becomes contaminated
with the excess oil, and can cause problems for disposal of the packaging. Increasing
environmental regulations, and customer demands are making the use petroleum-based
I 's e desirable for manufaciurer’'s of metals and metal components.,

The Canadian Autoworkers Union 0CAW) has found that constant exposure 1o
petroleum-based metalworking fluids can cause various forms of cancer including skin
eancer, lung cancer, cancer of the larynx and colon cancer' . Recommended soluticns to
this problem include: lowering the exposure limit from 5 milligrams per cubic meter, 1o 2
milligrams per cubic meter, and replacing petroleum-based products with vegetable-
based products whenever feasible. Specifically, soy-derived technologies have very low
toxicity ratings, and are on the same order as table sali. The LD 50 rating for soy-derived
products is 17.4 g/kg. while table salt has a rating of 17.5 gkg.’

At present, alternative methods of protecting metal components include the use of water-
based technologies, and vapor phase corrosion inhibited (VpCI) packaging materials for
shipping and siorage situations. While these technologies provide an environmentally
conscious method of corrosion protection’, they can be cost and time prohibitive for
cerain operations. In these cases, the manufacturer was left with no choice but to use
petrofeum-based corrosion protection, or simply do nothing.

Recently, a method of corrosion protection that combines the film forming and barrier
properties of petroleum-based products with the environmental conseience of
biodegradable technologies has been developed. This has been accomplished by
combining VpCl's with soy-derived oils to formulate rust preventatives, cutting fluids,
lubricating oils, and cleaning compounds, The fotus of this paper will be limited to the
development of rust preventatives, and cutting Muids as they relate to in process comosion
protection,
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EXPERIMENTAL

In developing soy-derived products, a battery of testing was undertaken 1o ensure thal the
desired properties were achicved. These included physical properties, corrosion
inhibiting properties, and cosmetic properties. The physical properties were established
by using corresponding petroleum-based products as a baseline. Corrosion inhibiting
capabilities were established using industry accepted testing, and the products were
formulated to be cosmetically similar to their petroleum-based counterpans whenever
possible.

For the protection of metal, the most impartant factor in product development was the
capability to prevent the corrosion process from sccurring. An assortment of standard
tests were used to compare the new VpCl soy-based products with products that are
commercially available. The testing included humidity testing, immersion testing, and a
cast-iron chip test. Additionally, field trinls were made to determine if laboratory results
would correspond 1o real world performance.

d-:‘un‘rllnmg mﬂ-prﬂ:rﬂ.lllw: pmg::ﬂlr:s of mﬂal prn:s-:nr.mu'cs under high humidity,
Metal specimens are tréated with a rust-preventative and exposed to 48.9°C +/- 1.1°C
(120°F +/= 2°Fy and 93% relative humidity for a given time pericd in accordance with
ASTM D 1748-83,  All testing was done as for comparative analysis purposes, and the
time period was dependent on failure mechanism.

¥ Carbon steel panels are weighed and immersed in the test
solution, using [} water as control solution. The testing period was determined on the
alloy used. The panels were removed afier the pre-determined testing period, cleaned,
and tested for weight loss.

Iron Chip Corresion of Water Solubls Metalworking Fluids”, Method for cvaluating the

ferrous corrosion control characteristics of water-gsoluble metalworking Auids, In this
Eest, class 30 gray cast iron chips are submersed in various dilutions of a water soluble {or
emulsified) Muid to determing the minimum dilution that can afford cormosion protection.
This testing is done in accordance with ASTM D 4627-86. A ladder study was used 1o
determine the lowest concentration that would pass the testing requirements,

Bipdegradation’. The biodegradability was determined in accordance with the EPA 28-

day test method, The requirement states that the ratio of Biological Oxygen Demand
(BODY) to Chemical Oxygen Demand (CODY must be greater than or equal fo 60%,
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RESULTS

n
The results in the humidity test varied from one test to another depending on three
factors. The metal substrate, VpCl soy-derived product, and dilution in water that was
used all were factors in the length of time before failure in the humidity chamber. In each
case, the VpCl soy-derived products outperformed the conventional water-based and
petroleum-based products. They also performed equally or better than other water-based
and petroleum-based VpCl products,  The results of the humidity testing can be found in
tables [-3,

: o Teat

In the half-immersion testing, the control panels show medium corrosien below the water
line after 24 hours for carbon steel, and cormosion above the water line after T2 hours.
The aluminum controls have oxidation below the agueous line afier 72 hours. In the
same testing, the VpCl sov-derived product showed no corrosion for greater than 30
days, indicating the product has both contact and vapor phase protection capabilities.

The results of the hall immersion testing can found in table 6,

The VpCl soy-derived cutting Muid passed the cast iron chip testing at a lower

concentration than standard water-soluble cutting fluids, and VpCl waler-saluble cutting
fluids. The results of this iesting can be found in table 7.

The VpCl soy-derived products all are considered biodegradable. Afier the 28-day
testing period cach had a BODVCOD ratio greater than 0.6.
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DISCUSSION

As seen by the testing results, VpCl sov-derived rust preventatives and lubricants can
provide excellent corrosion protection, and will outperform stendard petrolewm-based
products even in low concentrations. In each case, the VpCl soy-derived products
outperformed the standard water-based and petroleum based producis.

In immersion testing, there was no corrosion either in the contact phase or in the vaps
phase. This indicates that the VpCl soy-derived products will provide protection in
situations of direct contact and in situation where there is no direct contact through vay

phose protoction.

For the casi iron chip testing, the VpCl soy-derived cutting fluid passed at s
concentration of 1%, while most soluble oil cutting fluids require at least a 2,5%
COnCEntration to pass testing requirements.  This indicates that the VpCl sov-derived
eutting fluid is very resistant to flash corrosion. Additionally, the VpCl soy-derived
products were formulated 1o have similar physical and cosmetic properties to their
petroleum-based counterparts, which is important for feld acceplance.

The resuits of field trials have also been very positive, with the biggest success being
with VpCl soy-derived cutting fluids. A well-known gear manufacturer in the
automotive industry is successfully using the product corporate wide in all gear cutting
applications. They have replaced soluble oil type cutting fluids, and eliminated the
corrosion problem that plagued them until implementation.

CONCLUSION

Fallowing the extensive testing, and field trials it is apparent that VpCl soy-derived
products will be a viable and important method for interim corrosion prevention now ¢
in the future. These products exhibit excellent corrosion inhibiting properties both in
laboratory, and real world environment. Since they are biodegradable and produced fi
a renewable resource, they will continue to gain in market acceptance as environment:
conscious products will be preferred.
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Table 1
ASTM D 1748-83 on 1010 Carbon Steel

| Percent (%) of Soy-derived Time before Corrosion
Hust Preventative
2.5% in water 220 hr,
3% in water =500 hr.

Table 2
ASTM D 1748-83 on Heal Treated Carbon Steel Gears

| Sample |  Coating Ditution Hours to Failure |
A VpCl Soy-deived Main >108
Cutting Fluid water
B Wl Ej'flﬂ'lﬁit §%in [{al
Warer Soluble Flud waler
i Soduble Chl 6% in <[3.5
Cuiting Fluid wiler
] Control (no coating ) =|3.4
Table 3

ASTM D 1748-83 on 1010 Carbon Steel Panels

Sample Coating

S5 bn waler Hours to Failure

A VipCl Soy-derived

Comired | Control (80 costing)

Cutting Fluid

B 144

b Vil Sobuble Chl

Cuting Fluid

5 144

& Commercis| Cotting
Fluid

0 18
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ASTM D 1748-93 on Carbon Steel Bearin

Table 4

| Samiple Coa Dilution Homrs to Failure |
A :ﬁmﬁ % un wmler =12
B Eﬁ"‘ﬁﬁ‘“ V0% i b 120
C ;ﬂﬂ,iﬂi"ﬁ 3% in Naghenic 120
o P | 10% im Napabenic 120
Commnercial Rusi
E P'“'“-.ﬂj‘"‘" ediluried 120k
DF = adid not Fail during the 356 hours lest pericd
Table &
ASTM D 1748-83 on Metal Stamped Parts high carbon steel)
Coaling Surface Prep, | MHiution | Hours to Failure
Central 1 Methanol = 1
Control 2 Mo ruer F]
[ WpCl Soy-derived Metbanc T =192
Rust Preventative water
Vpll Water-based | Methanol 10% In I
Fiusl Preventalive WRIEF
Vil ‘Wiser-based Teome 1% in &
F.usi Preventaiive wirdef
VpCl Soluble O Methanal 10% in 12
|_Ruzt Prevensative waler
Table &
Half Immersion Corrosion {ASTM G 31-72)
Alloy Time Before Corresion “Time Before Corrosion
iChays) {Drays)
Caniral VpCl Soy-derived RP
A4 Ehare Al <1 =)
1000 Carbon Sdeel | =34
Table 7
ASTM I 4627-86 (Cast Iron Chip Test)
Pereent (%) of Soy-derived Sample 1 Sample 4
Cutting Fluid (in water)
5 s corrosion Mo corrosion
4 Mo corrosion Mo corroshn
_2d Mo corrosion Mo comasion
i Mo corroseod Mo corrosion
.5 5% coaTosion 5% corrosion
0.1 B0 commosion B corrosion
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