
United States Patent [19] 1111 3,890,686 
Caubet [45] June 24, 1975 

[54] SURFACE COATING FOR FERROUS _ V 

ALLOY PARTS [56] References Cited 
[75] Inventor: Jacques-Jean Caubet, UNITED STATES PATENTS 

Andrezleux‘Boutheon’ France 3,174,917 3/1965 Lesney et al ................. .. 29/196.4 x 

[73] Assign?e; Centre stephanois de Recherches 3,481,841 12/1969 Ham et a]. ............... .. 29/196.4 X 
Mecaniques Hydmmecanique et 3,522,154 7/1970 Swalherm ..................... .. 29/196.4 x 

Frottement, Andrezieux Boutheon ' 
(Loire), France Primary Examiner-L. Dewayne Rutledge 

. _ Assistant Examiner-Arthur J. Steiner 

[22] Flled' Apr‘ 24’ 1974 Attorney, Agent, or Firm—Sughrue, Rothwell, Mion, 
[21] App]. No.2 463,923 Zinn and Macpeak 

[30] Foreign Application Priority Data [57] ABSTRACT 
Apr. 25, 1973 France ............................ .. 73.15787 Mechanical Parts of ferrous alloys are provided with a 

coating consisting essentially of FeSn2, FeSn, and 
[52] U.S. Cl .............................. .. 29/l96.l; 29/l96.2 FeSnCJ, with x ranging from 0.7-1.3. 
[51] Int. Cl ...................... .. 1332b 15/18; B3213 15/20 _ t . 

[58]. Field of Search ....................... .. 29/196.4, 196.1 3 Clams, 4 Drawmg Figures 



3,890,686 PATENTEIJJUN 24 I975 
SHEET 

FeSn2 (% BY WEIGHT) 
A 

DEPTH 
— —-— — -—- — — —— —-> 

SUPPORTING MATERIAL "LAYER" 

10o 

SURFACE 

FIG. I 

» 

DEPTH 
—--—— —- —- — — — -I>' 

SUPPORTING MATERIAL 

Fein (°/0 BY WEIGHT) 
I 

100 

SURFACE 

"LAYER" 

FIG. 2 



PATENTEDJUN24 ms 3 , 8 90,686 
SHEET 2 

FeSRCx (% BY WEIGHT) 
100 

75‘ 

50' 

2 5- % 
SURFACE , l DEPTH 

"LAYER" ' SUPPORTING MATERIAL _ 

r duN LOAD 
A A 

\ 2&00 

\ , 

\\\ '/ 
0,15- \\_ T800 

- 1200 

600 

60 12:0 160 ' TIME (a) 

II x035 (STRUCTURAL STEEL CONTAINING 0.35% CARBON) 
2 X035 coATEo WLTH'TRE LAYER" 

FIG. 4 



3,890,686 
1 

SURFACE COATING FOR FERROUS ALLOY 
PARTS 

Surface treatments are known for parts made of fer 
rous alloys, in order to increase the resistance of said 
parts to seizing and surface wearing. Other treatments 
are known, which improve the resistance of such parts 
to corrosion. But if, in addition, the variations in the 
total resistance of said parts to fatigue and to brittle 
ness, or the variations in the adsorption of the oil ?lm 
on the surface of the parts, as a result of any such 
known treatment, are taken into consideration, one 
?nds that at the present time there exists no treatment 
enabling at least five out of the six above-mentioned 
mechanical characteristics to be improved, the sixth 
one, at the worst, remaining unchanged. 
The object of the present invention is to reconcile the 

various requirements. It relates to mechanical parts 
made of ferrous alloys which are treated in a manner 
such that, according to the invention, said parts are 
coated with a novel layer, having surprising properties, 
and called hereinafter “the layer". A part coated with 
the layer increases substantially five of its mechanical 
characteristics mentioned hereinabove, that is, its resis 
tance to seizing, to wear, to corrosion, and to shocks, 
as well as its ability to adsorb the oil ?lm highly, while 
its sixth characteristic, that is, its overall resistance to 
fatigue, is not altered. 

‘BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1, 2 and 3 are graphs showing the concentra 
tion gradients of FeSn2, FeSn and FeSnCJ. 
FIG. 4 is a graph showing the in?uence of the layer 

on the adsorption of an oil ?lm. 
The features the layer should jointly have in order to 

be in accordance with the invention are as follows: 
1. the thickness thereof ranges from 5 to 80 microns; 
2. it includes necessarily at least the FeSn, FeSn2 and 

FeSnC,r phases (.r being a number ranging from 0.7 to 
: 1.3). If the whole layer is analyzed, the proportion of 
each of said three phases should necessarily be in~ 
eluded within the following ranges: 
FeSn2 from 5 to 30 percent by volume 
FeSn from 60 to 90 percent by volume 
FeSnC, from O to 10 percent by volume. 
3. In addition to those proportions resulting from an 

analysis throughout the thickness of the layer, the lat 
‘ter, when coating mechanical parts made of ferrous al 
loys in accordance with the invention should show con 
centration gradients of each of said three phases, which 
gradients should comply, from the outside to the inside, 
with the accurate rules graphically shown in the FIGS. 
1-3 of the drawings. In other words: 
the FeSn2 content should be within the hatched area 

of FIG. 1; 
the FeSn content should be within the hatched area 

of FIG. 2; 
the FeSnCr content should be within the hatched 

area of FIG. 3. 
4. The layer follows also, from the outside towards 

the inside, very accurate hardness laws, which make it 
conformable with the so-called “three layer” scienti?c 
rule which governs the design of surfaces having a good 
resistance to seizing and deformation. One may consult 
thereabout the work entitled “Surface treatments 
against wear: description and industrial applications" 
by “Centre Stephanois de Recherches Mecaniques 
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HYDRONECANIQUE ET FROTTEMENT” (Editor: 
Dunod, Paris, 1968). 
The thickness of the layer will be indicated hereinaf 

ter by e, e being a value pre-selected as a function of the 
parameters of the problem of mechanics set. 

Said hardness laws are as follows: according to the 
Vickers standard and under a load of 15 g, the hardness 
at a depth e/5 from the outside to the inside should 
range from 500 to 650 Vickers; then, it increases and 
goes through a maximum which lies at a depth ranging 
from e/S to e, said maximum having to range from 600 
to 900 Vickers. 
Performances obtained with parts having ferrous 

alloy surfaces, and coated with the layer according to 
the invention, are given hereinafter. 

Resistance to seizing 

The test for resistance to seizing was carried out on 
a HEF type “Tribometre” apparatus. This is a friction 
simulator which allows, with a ring and a small plate, 
to represent a cylindrical sliding contact over a plane. 
While the ring is rotating, the parallele-pipedal plate 
describes a reciprocating translation motion, which al 
lows keeping a constant generatrix contact for any 
length of time. Such a test, when carried out in water 
on a plate of structural steel containing 0.35 percent 
carbon, with a ring of hardened cement steel, results in 
immediate seizing. On the contrary, under the same 
conditions, with a plate of the same material coated 
with the layer according to the invention, the test was 
voluntarily stopped after ?fteen hours without any sign 
of seizing appearing. 

Adsorption of the oil ?lm 

The test for adsorption of the oil ?lm was carried out 
on a Faville Levally apparatus. In such a kind of test, 
the test tube, which has a diameter of 6 mm and a 
height of 40 mm, is rotatively driven between two jaws 
cut in V-shape with angles of 90°. The jaws and test 
tube assembly are immersed in oil. A load which in 
creases linearly as a function of the time is applied on 
the jaws. FIG. 4 illustrates the in?uence of the layer on 
the adsorption of an oil ?lm. It shows that the reference 
tube, made of structural steel containing 0.35 percent 
carbon, breaks its oil ?lm at a load near to 600 daN, 
and seizes then immediately, while the test tube coated 
with the layer according to the invention may reach 
2,500 daN without the coef?cient of friction exceeding 
a value of 0.05 at the end of the test, which proves that 
the oil film is suf?cient for ensuring the friction under 
hydrodynamic conditions. 
A micrographic examination of the tube shows that 

the supporting material has creeped and has been 
deeply “cold-hammered,” while the micro-layer has 
been compacted. 

Resistance to wear 

The tests for resistance to wear were carried out by 
means of the conventional so-called “pin on ring" de 
vice. The ring is given a rotary motion with a speed of 
100 r.p.m., that is, a sliding speed of 0.3 m/s; The load 
applied on the pin is 10 N. 
Under such conditions, with a pin made of steel con 

taining 1% carbon and 1.5 percent chromium, the 
wearing speed of a reference disk made of structural 
steel containing 0.35 percent carbon is 8 mg/hour, 
while the wearing speed of a disk made of the same 
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steel as the reference disk, but coatedv with the layer ac 
cording to the invention, is only 2 ‘mg/hour. ' 

Resistance to fatigue 

The results of tests made with rotative deflection in 
dicate that a part having a surface of ferrous alloy 
coated with the layer according to the invention has a 
total resistance to fatigue which varies by about 1 per 
cent: the limit of fatigue of a reference tube made of 
structural steel containing 0.48 percent carbon is 40.2 
kg/mm2, while that ofa tube made of the same material 
and coated with the layer according to the invention is 
40.6 kg/mmz. Such a variation is lower than the accu 
racy of the measurement, and shows therefore that the 
layer according to the invention has no adverse influ 
ence on the resistance of the treated parts to fatigue. 
The tests for resiliency (resistance to shocks) carried 

out with a Charpy pendulum-tap indicate a marked re 
duction of the brittleness of the test tubes treated: for 
instance, on carbon structural steel containing 0.48 
percent carbon, the resiliency passes from 2.9 to 3.7 
daJ/cm2 for tubes respectively uncoated and coated 
with the layer according to the invention, while on car— 
bon structural steel containing 0.35 percent carbon the 
resiliency passes from 5.73 to 7.5 daJ/cm2. 
The tests for resistance to corrosion show that parts 

coated with the layer according to the-invention behave 
quite well in an atmospheric environment and in a salt 
containing environment, as compared with test tubes 
uncoated with the layer. For instance, after a 500 hour 
exposure to salt-containing fog, the characteristics of 
resistance to corrosion of the layer are such that the 
weight losses registered are substantially the same as 
those for a stainless steel, that is, about 0.3 mglcmz. 

It is obvious that any method allowing obtaining the 
layer described hereinabove makes part. of the present 
invention, in particular methods such as cementations 
in gaseous phase by the metals, or the electolytic depo» 
sitions followed by a baking operation intended to dif 
fuse the metal deposited in the substrate. 
Non-limiting examples are given hereinafter, which 

describe the method for obtaining the layer according 
to the invention. 

Example 1 

The part to be treated is immersed in a cement con 
stituted by 5 percent of tin ?uoride, SnF2, and 95 per 
cent of an inert substance such as magnesia; the part + 
cement assembly is raised to a temperature of 600°C. 
A reducing atmosphere is maintained during the whole 
duration of the treatment by a flushing with hydrogen. 
After lhour of treatment, the part is coated with a dif— 
fusion layer 50 micron thick, which is in accordance 
with the layer described in the present invention. 
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Example 2 

The part to be treated is raised to the temperature of 
570°C in an oven, in the presence of tin chloride va 
pours, SnCl2, such vapours being produced by heating 
tin chloride to the temperature of 500°C in a secondary 
oven, and then introduced into the main oven by a 
stream of hydrogenated nitrogen. After ll/zhour of 
treatment, the part is coated with a diffusion layer 50 
micron thick, corresponding to the layer described in 
the present invention. 

Example 3 

An electrolytic deposit of tin, 10 micron thick, is ef 
fected on the part to be treated, which is then subjected 
to the following heat treatment: 
from 0° to 200°C within l5minutes, 
from 200° to 280°C within 7 hours, 
from 290° to 570°C within 2 hours, and then for 2 

hours at 570°C. 
A layer 25 micron thick is thus obtained on the sur 

face of the part, said layer being in accordance with the 
layer described in the present invention. 

1 claim 
1. A mechanical part made of ferrous alloys and 

coated with a surface layer, characterized in that said 
layer enables the part to resist wear, seizing, corrosion, 
and shocks at the same time, while simultaneously the 
ability to adsorb a ?lm of lubricating oil increases with 
out the resistance to fatigue being altered, said layer 
consisting essentially of the FeSn-Z, FeSn, FeSnC, pha 
ses (.r ranging from 0.7 to 1.3 ), according to the follow 
ing proportions: 
FeSn2 ranging from 5 to 30 percent by volume 
FeSn ranging from 60 to 95 percent by volume . ‘ 
FeSnC, ranging from O to 10 percent by volume, 

the distribution of said three phases within the layer 
being in accordance with the diagrams of FIGS. 1, 2 
and 3, respectively. 

2. A mechanical part made of ferrous alloys accord 
ing to claim 1, characterized in that the Vickers hard 
ness of the layer coating the part ranges from 5 to 80’ 
microns. 

3. A mechanical part made of ferrous alloys accord 
ing to claim 1, characterized in that the Vickers hard 
ness of the layer coating the part, as measured under a 
load of 15 g, conforms to the following law as a func 
tion of the thickness 6 of the layer: at a depth of e/5 
from the outside towards the inside, the hardness 
should range from 500 to 600 Vickers; then, it in 
creases and passes through a maximum which is found 
at a depth between e/5 and e, said maximum having to 
range from 600 to 900 Vickers. 


