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THE STRUCTURE AND CERTAIN PROPERTIES
OF GAS-FLAME COATINGS

% USSR -

[Following is the translatich of an article by K. s. Shlyakova

Metallurgical

e'allurgy 1nieni A, A, Baykov «w l*lo'c.laﬂlv.xrg{1 sl ool
gation), Moscowy

Science, Methods of Physico-Chemical Inves
No 10, 1962, pages 194..201,]

Protective coatings against corrosion and oxidation at high teme
peratures can be obtained by various methods, such as diffusion, satura.
tion, electrodeposition and metallization,

Metallization is one of the advanced methods used for obtaining
protection from oxidation at high temperatures, especially at short
axposures to heat,

In this study, which was made in 1957, gas fired spray coatings
were used, The aims of the experimentation were to determine:

1) the influence of heat treatment on the michrostructure of the
coating and on its michrohardness;

2) the role of undercoating in achieving cohesion between the
coatirig and the base;

3) the effects of vacuum treatment on the quality of the spray
coatings;

4) comparative data on heat resistance,

The specimens were made of steel #3 and chromiumenickel steel in
the form of small cylinders, 12 mm in diameter, 25 mm long and tablets
25 mm long, 12 mm wide, and 3 mm thick., Before spray coating, the
specimens were sand blasted in order to obtain a rough surface for
securing a better cohesion between the coating and the base, Far the
coating we used nichrome, alloy #2 and aluninum oxide, Nichrome and
alloy #2 were used in the form of wire from two to three millimeters in
dlameter, and the aluminum oxide in the form of die pressed rods three
millimeters in diameter,

After recelving the spray coating, the specimens were enclosed in
welded quartz ampoules, heat treated in a silit oven at temperatures of
900, 1000, 1100 and 1200 degrees centigrade for one to five hours and
cooled at air temperature, Experiments on heat resistance were made in
a silit over at 1100 degrees for 100 hours with interruptions every 20
hours for weighing and inspection o the specimens, The heat resistance
was measured by theincrease in weight of the specimens expressed in
grams per square meter per hour,
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The Bffent of Lhe ch'at, Treatmant ¢ tne Miercstrusture
and Mioy rooardness of the Coating

The metall 1zaﬁan goatings are of a é¢omplex gtructurse and sre
composed of a large number of small flat particlarx irregularly supere
impossd ome on the other, ([Note:] The sohesion between particles of
the coating is determined chiefly by the nolecula adhesion betwoery the
1iquid and solld partlcles and by the action of tkmso forcas af'tor the
gclidification of tne'x liguid metal), ,

Betwsen layaps, of the coating, iuterlayers of ,,xi"' 5 are formeds
Tho diatribution of axides in the coating M;‘ 'uea l‘igure 1) e

.h'ragulav X

Figura 1, Mi&,ro'ztruoturaa of spec:imcms of ckwomium-nickel steel after
coating with a. nichrome 80/20; be alloy #2; c¢- A'l203. .

-2-




oy e 1Y

Ny, s
AR Y, .
e

A
S (&)

T

prd - \
A,

Ly e A

7

Figure 2. Minvostructures of specimens ol chromiumenickel steel with a
nichrone spray coating 80/20, Mag, 200 X,

after the coatingy
after heat treatment at 1000°C for one hourt

heat treatment at 1000% for five hoursg
neat treatment at 1100° for one hour;
heat btreatment al 1100° for five hours,
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Figure 3, Microstrastures of specimens

steel. end coating of alloy #72, Mag. 200 X,
& = after sproy coatingt b « heat trestument at 900° for one houry
8 = heat treatment st 900° for five hoursz d « heat treatment at 1000°
for one heur; o « heat treatment at 1000° for five hoursy { - heat
treatment at 1100° for one hour,
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Our experiments have shown that the density of the metallization
coating is increased through subsequent reheating, The coating changes
from porodis to compact and the hardness incrsases correspendingly. THe
effect of a sibsequent reheating on the microstructure at the border
layer differs depending on the composition of the coating: 4n the case
of a nichrome coating, a subsequent reheating will produce a diffusion
zone at the boundary between the base metal and the coating; in the case
of a #2 alloy coating, the reheating will result in the formation of an
intermediate layer (see figures 2 and 3). The formation of a diffusion
zone or an intermediate layer between the coating and the base does not
always act favorably on the strength of the cohesion between the coating
and the base, The alloy, or any other combination formed as the result
of the diffusion in accordance with the diagram of these materials, is
undergoing changes with temperature variations and with the length of
time,

Thq Effect of An Undercoating On the Quality of Cohesion

It is known that besides the composition of the coating, many
other factors influence the resistance to axidation, namely: the
preparation of the surface, the chemical composition of the base, the
cohesion between the base and the coating. The latter, in its turn,
depends on a number of factors, The role of the undercoating is to pro-
vide a good cohesion with the base, and that of the principal coating is
to impart to the piece characteristics required for its use,

In our experiments we used aluminum axide for the principal coate
ing because of its high melting point and good corrosion resistance,
However, aluminum axide has a poor surface wetting ability, This was
shown in our experiments and was also mentioned in other publications
(see bibiiographic reference 2),

In order to improve the cohesion between the aluminum oxide coate
ing and the base metal we tried out a nichrome undercoating,

It is known that chromium steels have a high corrosion resistance
due to the formation of a Cr. 05 axide film cn the surface. In the same
way in our case, a Cr203 axige film is formed on the surface of the
nichrome undercoating, "It is easily soluble in alur:iiium oxide and secures
therefore a strong cohesion of the aluminum oxide coating with the base,

Beside promoting cohesion, this undercoating serves as a bharrier
impeding the diff'usion of the base metal in the coating,

Heat Resistance

As a general rule, metals used in the industry include gases such
as hydrogen and nitrogen, We checked the effect of vacuum treatment,
resulting in elimination of gases, on ‘the heat resistance of the coatings,
Specimens of steel :!3 coated with aluminum axide and with a nichrome
undorcoating were placed in a vacuum over type TVV-2 and heated to
1200° for two hours (vacuum 10=3), The specimens were then checked for
oxidation, On figure 4 are shown microstructures of specimens without
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and with vacuuk treatment m;d alae their mlorohirdussses; 6 PAEUI6 5 e
the appsarance af the =4wgﬁmaszs efter 4 hoult resistsnce tests i':wwn

6 we demongtrates the owrves of heat reaistancs of the various ccabings
used in the experimenty, :

Figura Yy Mmrccvh'uoturp of mcimwm (&) after sprav costing and (k)
after ve vy trc-a’cmanf at 12009 for twe heurs.,  Mage 200 X,

As At oan be seen from thess owrves, the nichroms coatling ine
oreasss the wridatlon reslstasce of steel #3 approximately 12 t’mcz,

The AL,03 ccating with a 'rxlshrcme undercoating increases it arprax*m&teiy
30 times, The vacuwn treatment still furiher inproves the protactive
quality ef thae coatings,

The high resistance io axidation of vacuum trested cpoc imens of
aten) #3 sozted uith Als0. oon probably be explained, firet, by the
zalective evaparabtion of ghromium and aluninum snd, secend, by Hhe dow
craass of Lydrogen oontent in the base sand in the coating with the ree
siulting decrease & stresnes 2t the boundsry betwesen the base snd the
goatingss As & result, the quality af ooheslon is improved and, thire
fera, the probeotive ef*‘s.n tency of the coating 4s increased,

Too appearsnce ©f the vacuum traataﬁ spacinens did not change
after a hent resistange test at 1100° durs ing 100 hours. The ndgewx, which
sre the waskest spot of the coatings, were not destroysd by dcidation,

The surfaca & those specimers which were not subnitied to vaawxm
treatment d1d not dlways rewsin in satisfactory oondition (see Fig, 5),
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Figure 5, Specimens of steel $3 with different costings, after heat
resistanse test &t 1100% a - without spray cesting, efter 80 hours;
b - NiCr coating, after 100 hours; ¢ ~ NACR + Al,0+4 seating, after 100
hours; d « NiCr + Al304 ocating erd vsouvm treatment, after 100 hours,
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Figure 6, Heat resistence of specimens of steel #3 with various gasw.
flame spray coatings: 1 « NAOr; 2 < NiCr; 3 = Hilr + A1504s i o NACR
+ A1203. vaouum treatead, Temperature 11"0'70.
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Legends (a; 3pecifio inorsase of weight in grams/scusre meters per hour,
' (b) Time; hours,

X=rays Tegting of the Structure

Figurse 7 shows radiograma of the surface of two speoimens spray
coated with aluminmm axide with a nichroms underusating, af'ter a heat
resistance test at 11009 for 100 hours, One of the specimens was vsouum

treated, the other w2s not,
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The tivo diﬂgrama. are diffevent, Thelz intespretetion pregents
difficulties in debermining whether the compound la FoOCrr-Oj, NMOGY*,,O Ty
NiCALAO4y or F BOM»,O Howe\mr, it ean be sald that the redultlog G
pound “i@ oharagbends ;’Lo for a lattlce of the spinal type,
In ovder to determine the uifect o the vacuum traatment on the
formation of 2 etable oxide £ilm, the aurfuases of the twe wpecimens {one
without vacuwn trestument snd the other with such treatmant) wure chenie ]
oslly analysed, ' ‘

Chemdczd Analvyeis of the Costings

For chemdeal analysls specimens of coated steel #3 with an undore
Wing nichrone ccating were dissolved in a 50 percaent sclution and the
precipitate was anslysed, The shanical compoaition 48 given in the '
table, Tha compoxibtion of the solution 1= not givens
As it ean be aeen from the table, the vesuunm trested speciusns
contain one and a half times more €r, three times more AL and four times
leas Fo than the specimens which were not veenusm trestad, No nicke) was
fﬁuﬂda

Stote of the "hemic,al,ucm vosition, in peccant
Coatinx Specimens g N3, Fe

Undarcesting Wilr, After heat rew.
main eosting Alplsy si:"tﬂmco test at
11006%, 100 howws,
adr oooled, 3.2, 1714 nons Ly 5

Undareca\tiny Nitr, Vacuunm treeted with
matn ceeting AloU, & subsequant heat
“ peglstance test at

11009, 100 hours,

alr coniad, 8,35 L& 8% nene 11.7C
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Flgure 7, Xwrsys taken on the gtx“faca of the specimanat (s. - SPYEY
coated with Nile 4+ Algd a8 (b) » after subsequant vaenum treatment,
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This study of the chemical analyses of the coatings, of the X«rays
tests, the heat resistance tests as well as of the microstructure, brings
us to the conclusion that as a résult of the selective evaporation of
chromlum and aluminum during the vacuum treatment, and of the selective
oxidation during the heat treatment, a compact axide film is formed on
the surface, This film, complex in its composition, impedes the process
of diffusion and thus provides a strong defensive property to the surface,

Conclusions

1, Metallization is a technically simple method of obtaining
coatings of various compositions, simple or complex;

2, Subsequent heat treatment increases the density of the coating,

3. Vacuum treatment increases the cxidation resistance of the

coating,
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