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INTRODUCTION 

Several years ago, car manufacturers and suppliers 
introduced long-term guarantees against perforation 
corrosion. This is a positive development, but does this 
mean that the car owner doesn't have to worry about the 
risk of heavy corrosion on vehicles of recent models? 
Different factors will affect to what extent a car will 
corrode. One of the most important factors is the road 
environment. In the northern part of Europe where 
deicing salt is used frequently during the winter period 
the car corrosion can accelerate up to 10 times 
compared with areas not using deicing salt [I]. For 
these corrosive regions it is most important with good 
corrosion protection and high corrosion resistance of 
the car. 

In general two different types of corrosion can be 
distinguished on the car body. One is "cosmetic 
corrosion", which occurs when the paint layer on the car 
body is damaged by stone chipping or by a scratch and 
the plate nearby the damaged area starts to corrode. This 
type of corrosion can be observed from the exterior in 
an early stage, and it usually causes only minor 
corrosion problems. The other type of corrosion is 
"perforation corrosion" and it is often much more 
severe. The perforation corrosion starts inside spot- 
welded joints in the rocker panels or in hem flanges and 
it is often not observed until serious corrosion has 
already occurred. 

Apart of the road environment car manufacturers play a 
decisive role as to what will be the extent of car 
corrosion. One of the important factors for the corrosion 
resistance of a car is the construction of the car body. As 
the perforation corrosion most often starts in the 
crevices the corrosion resistance of the car body can be 

increased if joints are avoided as much as possible. On 
places where spot-welded joints and hem flanges can't 
be avoided, the construction can be designed so that the 
direct splash of road mud into the crevices will be 
minimised. 

The use of precoated materials is also an important 
factor which can increase the corrosion resistance of the 
car body. The most common forms of coating on 
precoated steel are hot dipped zinc, electrolytic zinc, 
electrolytic zinc-nickel or zinc-iron alloy, and a hot- 
dipped zinc-iron alloy. In addition, steel coated with 
organic paints rich in zinc is used. The pure zinc layers 
are often the thickest, with a thickness layer from 7 to 
10 pm. Electrolytic zinc-nickel alloys belong to the 
thinnest coatings ranging from 2 to 5 pm. In what 
respect will these differences in both types of precoated 
material and coating thickness affect the corrosion 
resistance of the car body? 

Anti-rust agents to protect the crevice surfaces in the 
spot-welded joints have been used among car 
manufacturers for many years. Normally anti-rust 
agents with good penetrating properties are applied 
inside beams, doors and hollow members. Lately there 
has been a tendency among the car manufacturers to 
decrease the amount of anti-rust agents. Will this affect 
the corrosion protection of the car body? 

In order to answer these and other questions the 
Swedish Corrosion Institute has carried out 
investigations where body parts from doors, hoods, 
trunk lids, rear wingslwheel wells and rocker panels 
have been sawn from cars which had been damaged in a 
collision. The body parts have been examined 
concerning corrosion attack and surface treatment. 
Significant differences between the corrosion resistance 
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Figure 1. Sawn out and inspected surfaces. 

of different models have been found, depending on the 
construction, the material and the surface treatment. In 
this paper some of the results from the last performed 
investigation are presented. A more extensive 
comparison of the different makes of cars may be found 
in references [2, 31. The project has been financed 
partly by a grant from NUTEK (The Swedish National 
Board for Industrial and Technical Development), and 
partly by contributions from 24 companies and 
organisations from the Nordic countries, from Germany 
and the United Kingdom representing car manu- 
facturers, producers of anti-rust agents, consumer 
organisations and automobile associations. 

EXPERIMENTAL PROCEDURE 

Eighteen car makes of 1989 and 1992 models were 
included in the investigation. The models dating from 
1989 were the same as the models examined in the 
previous investigation. Thus, the new results can be 
directly compared with the previous investigation, 
showing simultaneously the development of corrosion 
with time. The car models from 1992 included both cars 
which existed in 1989 and several completely new 
models. 

The parts which were investigated were mainly spot- 
-welded joints and hem flanges, which are known to be 

! most liable to corrosion on a car, because it is difficult 
to apply good corrosion protection to them. The details 
that were examined are shown in Figure 1, and comprise 
crevice surfaces from: door, hood, trunk lid, rear 
winglwheel well, rocker panel (front and back) as well 
as free surfaces in the cavities of the rocker panel. 

be opened. It was economically unrealistic to use 
undamaged bodywork parts for this purpose, and the 
investigation thus was carried out on collision-damaged 
vehicles, obtained at dismantling plants. From each car, 
up to six parts were sawn out, depending on the level of 
the collision damage. On parts that were collision- 
damaged, only unaffected regions were sawn out. Each 
part was marked at the dismantling plant and 
transported to the Swedish Corrosion Institute for 
evaluation. 

Only cars which had been driven in winter on salted 
roads were included in the study, in order to ensure that 
the environmental influence was as similar as possible. 
This means that cars from the northern regions of 
Sweden, Finland and Norway, where the roads are not 
salted in winter, were avoided. In total, 555 cars were 
examined. Collection of body parts was carried out 
from November 1995 until February 1997. Thus the 
models examined were 7h1 and 4hl years old, 
respectively. A total of more than 3750 surfaces from 
various body parts were examined. 

outer panel inner panel 

surface 

L surface C 

/ surface A 

In order to examine the crevice surfaces, the crevices of Figure 2. Evaluated crevice surfaces in the hem flange on the 
sawn out parts from the corresponding body part must door, hood and trunk lid. 
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At evaluation, the hem flanges and the spot-welded 
joints were opened, so that the surfaces were available 
for examination. Figure 2 shows schematically the 
flanges on doors, hoods and trunk lids where surface A 
and surface B were inspected individually. The degree 
of corrosion attack was graded using the following 
scale: 

Degree of corrosion: 

0 = no corrosion 
1 = insignificant corrosion 
2 = superficial corrosion, without pitting into the base 

metal 
3 = heavy corrosion, with obvious pitting into the base 

metal 
4 = perforation 

Further, the degrees of penetration into the crevice of 
EC-primer, anti-rust agents and adhesives were graded 
on the following scale: 1 = good coverage, 0.5 = partial 
coverage and 0 = no coverage. The manufacturers were 
asked in a questionnaire about the type and layer 
thickness of the metallic coating used on the specific 
body parts. In addition, random tests were carried out of 
the surface covering and of the layer thickness in the 
laboratories of the Swedish Corrosion Institute. 

RESULTS AND DISCUSSION 

Extent of corrosion attack 
on different parts of the car body 

The degree of corrosion on various surfaces from all of 
the cars examined, including 1989 and 1992 models, 
and the results from a previous investigation when the 
1989 models were 3*1 years old are shown in Figure 3. 
The bars show the percentage of the examined surfaces 
which had heavy corrosion or perforation, superficial 
corrosion, and insignificant or no corrosion. For the 
1989 models, the percentage of cars with heavy 
corrosion increased significantly when comparing the 
cars that were three years old to the cars that were seven 
years old. For cars which were 3*1 years old, the most 
seriously affected areas were the crevice surfaces of the 
rocker panel, which showed 12% heavy corrosion and 
50% no corrosion. After 7*1 years, the percentage with 
heavy corrosion was 37% and without corrosion 39%. 
Similarly, the percentage with heavy corrosion on the 
crevice surfaces in the doors and on the rear winglwheel 
well increased from 5% to 35%. Cars from 1992, 4*1 
years old at examination, showed a somewhat higher 
percentage of surfaces with heavy corrosion than those 
from 1989, 3*1 years old at examination. 

The crevice surfaces of the rocker panel are among the 
most corrosion-prone parts of a car, which is usually 
caused by the difficulty of applying adequate corrosion 
protection in the crevices. The crevices are usually the 
lowest part of the rocker panel, and are joined by spot- 
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Figure 3. Corrosion attack on inspected body parts of 1989 
models 3*1 years and 7*l years old respectively and of 1992 
4*1 years old. 
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Figure 4. Corrosion attack on crevice surfaces of the rocker 
panel on 18 different car makes of 1989 models after 7*1 years 
in use. 

welding without the application of adhesives or sealant. 
If moisture and dirt infiltrate the rail, they end up at the 
bottom and penetrate into the crevice. Figure 4 shows 
the wide spread of corrosion attack on different makes 
of cars of 1989 models after 7 years in use. Seven of the 
examined models showed 50 % or more heavily 
corroded crevice surfaces in the rocker panel. Another 8 
models were heavily corroded on 5-42 % of the crevice 
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Ranking of the models 

A statistical evaluation has been carried out, in order to 
examine whether significant differences exist in the 
corrosion status between different models, when all the 
examination points are considered. The following 
equation gives the average grade for the various models: 

Degree of corrosion, mean score = 

- 
O . X , + l  . X , + 2 . X 2 + 3  . x 3 + 4 . x 4  

- 
number of inspected surfaces 

where Xi = {the number of inspected surfaces with 
grade i). 

( ) n,mber of inspected 

surfaces ~uperiicia~ corrosion The comparison has only considered the degree of 

Heavy corrosion or perforation 
corrosion, and has not considered the extent of 
corrosion on the surfaces. 

Figure 5. Corrosion attack on crevice surfaces of the rocker 
panel on 18 different car makes of 1992 models after 4*1 years 
in use. 

surfaces while 3 models were totally free from heavy 
corrosion and showed only superficial corrosion. 

The corresponding results for 1992 models show that 9 
of the examined 18 car makes were heavily corroded on 
9-50 % of the inspected crevice surfaces after 4 years in 
use, Figure 5. Six of the makes had only superficial 
corrosion and three makes were completely free from 
corrosion attack. 

The rankings of the cars according to their resistance to 
corrosion are compared in Table 1, for the 1989 models 
after seven years' use and the 1992 models after four 
years' use. Audi 100 and Volvo 700 were the best of the 
seven-year-old cars, with a mean score of 0.3. In 
addition to these two cars, Mercedes 124, Peugeot 205, 
BMW 3-series and VW Golf were significantly better 
than the median cars, Mitsubishi Colt and Mazda 626. 
Only Opel Kadett was significantly worse than the 
median, although Fiat Uno, Toyota Corolla, Renault 5 
and Lada Samara all had high mean scores of corrosion. 

The differences between cars from 1992 were smaller 
since the corrosion had not progressed so far. The 

Table I .  Ranking and mean score of 1989 models 7*1 years old and 1992 models 4k1 years old. 

Year model 1989 
7 years old 

Mean 
score 

Number of 
inspected 
vehicles 

Audi 100 
Volvo 700 
Mercedes 124 
Peugeot 205 
BMW 3-series 
VW Golf 

1 Citroen BX 
Honda Accord 

!I 
Mitsubishi Colt 
Mazda 626 
SAAB 9000 
Nissan Sunny 
Ford Sierra 
Lada Samara 
Renault 5 
Toyota Corolla 
Fiat Uno 
Opel Kadett 

Year model 1992 
4 years old 

Mercedes 124 
Audi 100 
BMW 3-series 
Volvo 800 
Citroen BX 
VW Golf 
Peugeot 205 
Honda Accord 
Fiat Tipo 
SAAB 9000 
Mazda 626 
Renault Clio 
Toyota Corolla 
Ford Sierra 
Nissan Primera 
Mitsubishi Colt 
Hyundai Pony 
Opel Astra 

Mean Number of 
score inspected 

vehicles 
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median cars here were Fiat Tipo and Saab 9000. There 
were no cars, which were significantly better or worse 
than the median cars, although there were significant 
differences between the best and the worst cars. The 
cars with the best corrosion resistance were Mercedes 
124, Audi 100 and the BMW 3-series, while Ope1 Astra, 
Hyundai Pony, Mitsubishi Colt and Nissan Primera 
were among the worst cars from 1992 in the 
investigation. 

Effect of the use of precoated materials 

Of the examined car makes only three models do not 
use a precoated material on any of the parts inspected. 

+ time in use, years 

Figure 6. Development of heavy corrosion with time in hem 
flange of doors with different thickness of zinc coating in 1989 
models. 

All the other cars have precoated materials on at least 
one of the parts and three models, have precoated 
material on all of the parts inspected. When ranking the 
models it turns out that the cars with precoated steel on 
all examined parts have least corrosion attack, while 
cars without a metallic coating belong to the most 
corroded. 

A study of the development of corrosion attack with 
time in the door flanges on 1989 models allows the cars 
to be subdivided into three groups based on the type of 
sheet steel used. One group consists of materials with a 
thick layer of pure zinc (7 to 10 pm), the second group 
are materials with a thinner zinc-nickel layer (2 to 5 
pm) and the last group are materials without any zinc 
treatment of the door flanges. Figure 6 shows the 
percentage of the examined door flanges exhibiting 
heavy corrosion for the different material groups after 
3*1 and 7h1 years' use. After three years, 10% of the 
crevice surfaces from models without zinc treatment 
had heavy corrosion, 5% of the crevice surfaces from 
models with a thinner zinc layer exhibited heavy 
corrosion, while cars with a thick zinc layer were 
completely without heavy corrosion attack. After seven 
years, the differences increased to 52% heavy corrosion 
for the zinc-free group, 33% for the group with a thin 
zinc alloy layer and an average of only 5% heavy 
corrosion for the group with a thick zinc layer. 

Effect of the use of adhesives 

There is a certain spread of results between the different 
models in a material group, especially in the zinc-free 
group where the use of and the coverage with adhesives 
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Figure 7. Corrosion attack on hem flanges of doors with Figure 8. Corrosion attack in crevice surfaces of rocker panels 
different types of precoated steel and different coverage of with different types of precoated steel and different coverage of 
adhesives on 1989 models after 7*1 years in use. anti-rust agents on 1992 models after 4*1 years in use. 
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in the flange is very important for the corrosion 
resistance. Figure 7 shows the degree of corrosion in the 
door hem flange of 1989 models after seven years in 
use. Three of the car makes have no precoated material 
in the flange and different coverage with adhesives 
designated as good, partial and no cover, three car 
makes with thin layer of zinc alloy and three makes with 
thick layer of zinc and both groups also with different 
coverage of adhesives. On the models without both zinc 
and adhesives 89 % of the inspected crevice surfaces 
were heavy corroded, on the model with partial 
coverage of adhesives 54 % of the surfaces were heavy 
corroded while with good coverage of adhesives no 
heavy corrosion appeared. Cars with precoated 
materials but no or only partial coverage with adhesives 
showed higher extent of heavy corrosion in the crevice 
surfaces on the door compared with cars without 
precoated material but with good coverage of adhesives 
after 7 years in use. This shows the importance of both 
precoated material and a good treatment with adhesives 
in the hem flanges. 

Effect of anti-rust treatment 

Treatment with an anti-rust agent is important for car 
corrosion resistance, just as is the presence of a zinc 
layer. The type of treatment, which has been studied in 
the present investigation, is the so-called cavity fluid 
treatment, which uses thin products, mostly in cavities, 
to penetrate crevices, which are not protected 
sufficiently with EC-primer, adhesives or sealant. By 
far the vast majority of cars are treated in the factory, 
either with anti-rust fluid or melted wax, which 
penetrates cavities and crevices. Treatment with anti- 
rust agent is particularly important if adhesives are not 
used in the crevices, which is most relevant for the spot- 
welded joints of the rocker panels and, in some cases, 
between the rear wing and the wheel well. 

Despite the positive effect of anti-rust agent treatment 
on the corrosion resistance of cars, several 
manufacturers deliver cars without any treatment by 
cavity fluids. This is true for 2 of the 1989 models and 
4 of the 1992 models in the investigation. Big 
differences were seen for the other models in how 
well the treatment had been carried out, which effected 
the degree of coverage of the surfaces by an anti-rust 
agent. 

On the 1992 models after 4 years in use more than 50 % 
of the inspected crevice surfaces in the rocker panel, 
without precoated material and not treated with anti-rust 
agents were heavily corroded, Figure 8. Other cars not 
using precoated material but with good coverage by 
anti-rust agents exhibited superficial corrosion on 40 % 
of the surfaces and no heavy corrosion. On models with 
a thin zinc alloy layer, 2-5 pm, and without anti-rust 

treatment, 30 % of the inspected crevice surfaces were 
heavily corroded while on the same precoated material 
with partial or good coverage of anti-rust agents only 
superficial corrosion occurred. Of the examined car 
makes with a precoated material of 7-10 pm zinc layer 
no example without anti-rust agents on the crevice 
surfaces of the rocker panel was found. With partial and 
good coverage of anti-rust agents only superficial 
corrosion was observed on 14 respectively 4 % of the 
inspected surfaces. 

CONCLUSION 

The following important conclusions can be drawn from 
the investigation: 

- The 1989 models showing the best corrosion 
resistance, without heavy corrosion, used a 
precoated materials on all examined body parts. 

- The single most important factor for achieving 
good corrosion protection was the use of precoated 
material with a zinc layer of 7-10 pm. 

- A thinner zinc layer, 2 - 5 pm, in most cases 
protects against corrosion for a period shorter than 
seven years. 

- Good penetration of EC-primer, the use of anti-rust 
agents and adhesives is also important for avoiding 
corrosion, in addition to the use of a precoated 
material. 

- The owner of a car which is liable to corrosion is 
recommended to carry out a complementary anti- 
rust treatment, in addition to regular maintenance 
and cleaning, in order to improve the car's 
corrosion status. 

- The parts of the 1989 models which were most 
liable to corrosion were the flanges on the doors, 
the crevice surfaces at the rear wing and the wheel 
well and in the rocker panel. 

- Although the use of precoated material increases 
progressively from year to year, models from 1992 
do not have significantly better corrosion 
resistance than those from 1989. The reason for 
this is that in 1992 car manufacturers stopped using 
anti-rust agents in the cavities on several of the 
examined car makes. 
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