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lash rusting on production parts F and inconsistent paint adhesion 
data on test panels treated with TT-C- 
490, m e -  1 coatings (paint-based zinc 
phosphate coatings) prompted an in- 
vestigation into the problem. Produc- 
tion parts were manufactured from an 
alloy steel with a Rockwell C hardness 
of around 45. Paint adhesion test 
panels were 1010 carbon steel with no 
thermal treatment. Coating weight, 
cr’ystal structure and elemental X-ray 
arrsdysis observations were made to 
understand the situation. The varia- 
tions in coverage were documented for 
a variety of coatings. 

Flash rusting and inconsistent paint 
adhesion are common problems associ- 
ated with paint-based zinc phosphate 
pretreatments. These problems can 
often be traced to the “coverage” that 
is achieved during the pretreatment 
process. The normal coverage of a 
phosphate coating is assumed to be 
complete at the end of the spray or dip 
cycle, which can vary from one to ten 
minutes depending on the application 
technique. Furthermore, coverage is 
assumed to be complete based on a 
visual assessment of the uniformity in 
the gray color of the zinc phosphate 
coating. Most literature references state 
that a 2 4  void area can be expected, 
Le., there may be some uncoated metal 
areas that are not completely covered 
with phosphate crystals. The bare areas 
are assumed to have some protection 
against premature rusting as a result of 
the final chromate rinse. 

Visual examination of a paint-based 
zinc phosphate coating on alloy steel 
parts revealed a uniform gray color and 
coverage was assumed to be complete. 
A few months after phosphating, rust- 
ing was observed on the phosphated 
parts after removal from the protective 
packaging. Thus, a visual evaluation of 
coating uniformity did not provide an 
adequate assessment of coating qual- 
ity. A visual examination of phos- 
phated panels for paint testing also 
revealed a uniform gray color and 
again the coverage was assumed to be 
complete. Inconsistencies in paint ad- 

Fig. I .  Elemental X-ray analysis (above) and 
micrograph (right) of phosphate coating 
on alloy steel at 500~. 

hesion data from the test panels re- 
sulted in a conclusion that the adhesion 
test must have been unreliable. It was 
assumed that all zinc phosphated pan- 
els for paint evaluation testing were the 
same. 

FLASH RUSTING 

Production parts with the zinc phos- 
phate coating applied were obtained 
for testing. The parts were manufac- 
tured from an alloy steel and had a 
Rockwell C 45 hardness. The parts had 
been vapor degreased with trichlo- 
roethylene and were abrasive blasted 
prior to phosphating in a typical five- 
stage spray line. Sections were sub- 
jected to examination using the scan- 
ning electron microscope (SEM). Pho- 
tographs and elemental X-ray analysis 
were used to document the results. 

PHOSPHATED PANELS FOR 
PAINT ADHESION TESTING 

Carbon steel panels with a commer- 
cial zinc phosphate coating conform- 
ing to TT-C-490, 5 p e  1 were pro- 
vided by a paint lab. The 4 x 12-inch 

panels were coated using a proprietary 
formulation. Contact with the supplier 
revealed that these panels were no 
longer being supplied and that the 
chemicals used were no longer in stock 
(Le., the chemical manufacturer had 
discontinued the product line). It was 
learned that two other companies were 
currently in the business of providing 
standard phosphated panels for paint 
testing. Contact with one company 
revealed that panels phosphated with 
two different chemicals were available: 
one chemical was similar to the discon- 
tinued product and the other chemical 
represented the newer phosphating for- 
mulations, which contain manganese 
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Fig. 2. Elemental X-ray analysis ( le f )  and micrograph (right) of phosphate coating on carbon steel panels at 500~.  

Fig. 3. Elemental X-ray analysis (left) and micrograph (right) between the crystals at 1000~. 

as an additive. Panels coated with the 
new formulation were supplied to the 
automotive industry while panels 
coated with the older formulation were 
supplied to all the other organizations. 
The panel suppliers provided samples 
for testing. The panels were subjected 
to coating weight tests, SEM and 
elemental X-ray analysis. 

RESULTS 

FLASH RUSTING 
The elemental X-ray analysis and 

the micrograph of the spray 
phosphated alloy steel part is shown in 
Fig. 1. The coverage of the phosphate 
coating is only 10-30% of the surface, 
leaving 7690% of the basis metal void 
of any phosphate coating. Further 
elemental X-ray analysis of the area 
between the crystals showed an iron 
peak and an oxygen peak indicating 

some form of iron oxide coating may 
be present. Since no phosphate coating 
was present on most of the steel 
surfaces, the cause of the flash rusting 
is evident. A nonchromium rinse was 
used in the process and could have also 
contributed to the problem. 

PANELS FOR PAINT ADHESION 
TESTING 

Panels from the paint lab had an 
average coating weight of 254 milli- 
grams per square foot (msf). This is 
within the 150-500 msf requirement 
per TT-C-490. The elemental X-ray 
analysis and SEM photograph at 500x 
of the phosphated surface is shown in 
Fig. 2. The crystals only cover about 
60% of the metal surface, leaving 
approximately 40% of the surface void 
of phosphate coating. The elemental 
X-ray analysis in Fig. 2 made over the 
entire phosphated surface shows the 

zinc, phosphorus and iron. Figure 3 
shows an elemental X-ray analysis of 
an area between the crystals where 
only iron is present. Figure 4 is an 
elemental X-ray analysis of only the 
phosphate crystal. The zinc and phos- 
phorus peaks are much higher and the 
iron peak is significantly lower com- 
pared to Fig. 2. Also evident is nickel, 
which is used as an accelerator in some 
phosphating solutions. The deep lines 
on the surface indicate that the panel 
may have been subjected to some type 
of grinding operation. 

The test panel containing the phos- 
phate coating similar to the discontin- 
ued product had an average coating 
weight of 220 msf. An SEM of the 
surface is shown in Fig. 5. At 500x it is 
evident that the light-colored crystals 
are about the same size as those in Fig. 
2 but are more numerous, thus affect- 
ing better coverage even at a lower 
coating weight. Figure 6 shows that the 
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elemental X-ray analysis at lOOOx 
picks up an area with a large amount of 
iron and some indications of the zinc 
phosphate coating. This suggests that 
the voids are very small. Figure 7 is an 

Fig. 6. Elemental X-ray analysis (left) and micrograph (right) between crystals at 1000~.  
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elemental X-ray analysis of the phos- 
phate crystal. The crystal structure and 
the small amount of nickel indicates 
that this solution provides a coating 
that is similar to the product that is no 

longer available. No deep lines are 
evident on the surface indicating that 
the phosphate coating has completely 
covered any surface profile. 

The test panel, containing manga- 



Fig. 7.  Elemental X-ray analysis ( lef)  and micrograph (right) of the phosphate crystal at 3000~. 

nese in the zinc phosphate coating had 
an average coating weight of 172 msf. 
This complies with TT-C-490, Vpe-1 
spray coatings but approaches the 150 
msf minimum requirement. A micro- 

graph of the surface is shown in Fig. 8. 
At 500x it is evident that the light- 
colored crystals are much smaller in 
size and much more numerous, thus 
affecting maximum coverage. Figure 9 

shows that the elemental X-ray analy- 
sis at 2900x picks up an area with a 
large amount of iron and also some 
indications of the phosphate coating. 
This again suggests that the voids are 

Fig. 9. Elemental X-ray analysis (lefr) and micrograph (right) between the crystals at 1000~. 
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Fig. 10. Elemental X-ray analysis (left) and micrograph (right) of the phosphate crystal at 2900~ .  

Fig. 11. Elemental X-ray analysis (left) and micrograph (right) of phosphate coating at 600~. 

very small. Figure 10 is an elemental 
X-ray of the phosphate crystal. The 
crystal structure and the presence of 
manganese shows that manganese may 
act as a grain refiner as there are 

significantly more and smaller phos- 
phate crystals. It is also obvious that 
there is more iron in the phosphate 
crystal when manganese is used in the 
formulation. 

Fig. 12. Elemental X-ray analysis (lefi) and micrograph (right) of phosphate coating at 5 0 0 ~ .  

OTHER OBSERVATIONS 
Other observations on coverage in- 

clude phosphate coatings formed with 
solutions containing calcium additions 
as a grain refiner. Figure 11 shows 
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Fig. 13. Elemental X-ray analysis (left) and micrograph (right) of the phosphate coating at 500~.  

~~~~~ ~ 

Fig. 14. Elemental X-ray analysis of the white deposits between the crystals. 

good coverage and a very fine crystal 
structure obtained with a calcium- 
modified solution. Figure 12 shows the 
coating formed from a similar solution. 
The crystal size is much larger and a 
number of voids in the coating are 
obvious. Figure 13 shows a phosphate 
coating where the grain refiner was 
part of the alkaline cleaner formula- 
tion. Coverage with zinc phosphate 
crystals is not complete. The white 
areas between the zinc phosphate crys- 
tals were shown to be iron phosphate. 
Figure 14 shows the elemental X-ray 
analysis of the white deposits between 
the zinc phosphate crystals. Figure 15 
shows poor coverage of a zinc phos- 
phate coating on zinc plating along 
with the elemental X-ray analysis. 
Figure 16 shows the elemental X-ray 
analysis of the zinc phosphate crystal 
on the zinc-plated surface. Figure 17 is 
a photo and elemental X-ray analysis 

Fig. 15. Elemental X-ray analysis (lejl) and micrograph (right) of zinc phosphate on zinc plating at 700~. Coating thickness was O.2-0.3mil. No red rust 
appeared after 36 hours e?cposure to salt spwy ( A W M  _R 117). 
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sult in adhesion problems as the more 
viscous paint may not wet and anchor 
to the very fine crystalline structure. 
The calcium-modified phosphate coat- 
ing, however, could be an excellent 
substrate for a hot spray lacquer finish 
that has a high solvent composition. 
The manganese-modified zinc phos- 
phate appears to promote more iron in 
the phosphate crystal. This could lead 
to better alkali resistance and be the 
preferred phosphate treatment for elec- 
trodeposited (E-coat) primer paints. 
The larger phosphate crystals with 
complete coverage could be the opti- 
mum phosphate pretreatment for most 
low-VOC primer applications. 

Fig. 16. Elemental analysb of the zinc phosphate crystal on zinc plating. 

showing excellent coverage of zinc 
phosphate on a zinc-plated surface. 

~~~~~ 

DISCUSSION 

Flash rusting of phosphated surfaces 
that do not have good coverage is 
expected as bare areas in between the 
phosphate crystals would be suscepti- 
ble to rusting. Since the chemical used 
for these parts was the same as for the 
panels shown in Figs. 5,  6 and 7, the 
variation in coverage is most likely due 
to the difference in the substrate mate- 
rial. Various references imply that 
heat-treated alloy steel may be more 
difficult to coat using standard 
phosphating procedures; however, the 
references do not distinguish between 
spray and immersion processes and it 
is known that heavy zinc coatings can 
be applied to heat-treated alloy steels 
by the immersion process. Discussions 

of this phenomena with various experts 
suggests that spray phosphating may 
result in an oxidizing environment 
while immersion processing provides a 
reducing environment. This could also 
explain the presence of iron oxide 
between the phosphate crystals. 

The variability of coverage and 
crystal size on paint adhesion test 
panels and other substrates needs to be 
addressed when qualifying the phos- 
phate coating procedure. Variations in 
immersion versus spray operations, 
grain refinement, free acidhotal acid, 
accelerator, temperature, etc. could 
result in significant changes in crystal 
structure and coverage. These varia- 
tions may also effect data generated for 
adhesion and corrosion resistance of 
different paint coatings; for example, 
applying a low volatile organic com- 
pound (VOC) paint to a calcium- 
modified phosphate coating could re- 

Fig. 17. Elemental X-ray analysis (left) and micrograph (right) of zinc phosphate on zinc plating at 500~. 

CONCLUSION 

The large variability in coverage can 
have a significant impact on flash 
rusting and the data generated as a result 
of painting “standard” phosphated pan- 
els. The coverage that is achieved during 
the application of paint-based phosphate 
coatings cannot be ascertained using the 
simple visual examination as stated in 
the specification. Phosphate crystal size 
and coverage along with coating weight 
should be documented on production 
parts as part of the preproduction proc- 
ess approval per TT-C-490. Knowing 
the extent of coverage on actual parts or 
standard panels is essential to proper 
process control. Only when proper proc- 
ess control is documented for the pre- 
treatment can valid data be generated for 
subsequent finishes. Laboratories in the 
paint evaluation business should require 
an SEM photo and elemental X-ray 
analysis of the phosphate coating along 
with their standard panels. MF 
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I N M ETCO 
Making Metals A Reusable Resource 

Facts on the INMETCO High Temperature 
Metals Recovery Process 

INMETCO is the leading recycler of metal 
bearing wastes in North America. 
In 1991 approximately 56,000 tons of nickel, 
chromium and iron bearing wastes were 
recycled by INMETCO. This resulted in the 
production of over 22,000 tons of stainless steel 
remelt alloy. 
0 INMETCO is a subsidiary of INCO 
(International Nickel Company). Located 35 
miles northwest of Pittsburgh, Pennsylvania, 
INMETCO has been in operation since 1978. 

INMETCO is a fully permitted RCRA 
facility. INMETCO is permitted to accept non- 
hazardous wastes and hazardous wastes 
designated by the following U.S.EPA hazardous 
waste codes: D001, D002, D003, DOO6, D007, 
D008, F006, KO61, and K062. 

Because INMETCO's High Temperature 
Metals Recovery Process allows wastes to be 
recovered, reclaimed, and recycled, long-term 
landfill liability is eliminated. 

INMETCO began in 1978, recycling wastes 
from stainless steel production. Since that time 
the process waste feed specifications have been 
broadened to accept other waste streams such 
as those listed below: 
nickel and chromium sludges and cakes 
nickel and chromium solutions 
nickel and chromium dusts and grindings 
EDM and ECM cakes 
nickel-cadmium batteries 
waste carbon brick and coke fines 
waste magnesium powders and machinings 
bags and filters from plating operations 

An important service that INMETCO 
provides to platers and surface finishers is the 
recycling of nickel and chromium bearing 
solutions. In 1991, INMETCO recycled over 
343,000 gallons of metal bearing liquids such as 
nickel stripper solutions and chromic acid 
solutions. Liquids are delivered in drums or 
in tank trucks. 

For a copy of the INMETCO technical paper 
presented at the 1992 U.S.EPA/AESF conference 
"Recycling Metal Bearing Wastes Through 
Pyrometallurgical Technology" call or write: 

INMETCO 
Marketing/Sales Department 
P.O. Box 720 
Ellwood City, PA 161 17 
Phone (412) 758-5515 
Fax (412) 758-931 1 

Circle 072 on reader information card 

Electroless Nickel-Chromium deoosits 
have a low-temerature coefficient of 
resistance and Drovide excellent 
deDosits using a Dalladium catalyst. 

Electroless Nickel-Iron deDosits have a 
low-temDerature coefficient of resistance. 
Excellent deDosits with high electrical 
resistance can be achieved using a 
Dalladium catalyst. 

Electroless Nickel-Comer deDosits a 
film with a low. electrical resistance. 
Using a Dalladium catalyst. a stable. non- 
magnetic film can be obtained even in 
heat treatment UD to  400C. 

FOR COMPLETE TECHNICAL DATA OR 
SAMPLES, CALL OR WRITE: 

aOKUNO 
CHEMICAL INDUSTRIES CO., LTD. 

7-10. Dosho-machi. 4-chome. Chuo-ku. Osaka. 541. Jaoan 
Phone: 06-203-6667 
Cable: TOPOKUNO OSAKA 

Telex: 05227534 OKUNO J 
Fax: 06-203-071 4 

Circle 022 on reader information card 
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