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Influence of oxidation on air and hydrogen implantation on the structure and mechanical properties
of nickel based coating PG-19N-01 deposited on iron and stainless steel C0.12Cr18Nil0Ti sub-
strate and also of iron with plasma treatment of surface were studied. It is shown, that implantation
by protons with energy from 0.6 to 1.6 MeV up to doze 3-10'® proton/cm’ lead to insignificant
changes of structure and strength properties of PG-19N-01 coating. In the samples oxidized on air
at temperatures 500 °C, 700 °C and 900 °C during three hours increase in microhardness and

strength of the material at mechanical tests on static bend is observed.

INTRODUCTION

Actual way of improvement of physical and
mechanical properties of metal materials is the
treatment of its surface by laser, electron and
ion beam or by deposition on its surface of
protective coating. In such way, it is possible
to increase such properties of materials as
hardness, wear resistance, corrosion resistance,
etc. By present time various ways of protective
coating deposition on the material surface —
electrochemical, magnetron, detonation are
developed [1, 2]. The detonation method is
widely used, rather simple and inexpensive. As
lack of this method it is possible to note neces-
sity of preliminary preparation of deposited
material i.e. preparation of powders of the
necessary composition. Furthermore, quality
and homogeneity of coatings depends on the
sizes of the powder fractions and on conditions
of deposition [3].

The powder nickel base coating PG-19N-01
(Cr—8+4%,B—-23%, Si— 1.2 +3.2%, Fe —
5%, C — 0.5%) is the material with high hard-
ness, heat resistance and is perspective for ap-
plication in those products where such proper-
ties are required [4].

In the given work, results of studying of
structure and mechanical properties of iron
with PG-19N-01 coating and also influences of
oxidation on air and hydrogen implantation on

structure and mechanical properties PG-19N-
01 coating are presented.

MATERIALS AND EXPERIMENTAL
TECHNIQUE

Substrates for deposition of PG-19N-01 coat-
ings were made from massive bar of a — iron
(purity - 99,8) and stainless steel
C0.12Cr18Ni110Ti. Samples represented thin
plates with sizes 30x30x(0.8 + 1) mm. Plasma
treatment of the surface and deposition of pro-
tective coating by plasma-detonation method
from powder of alloy PG-19N-01 on the base
of nickel (Cr — 8 + 4%, B — 2.3%, Si — 1,2 +
3.2%, Fe — 5%, C — 0.5%, Ni — 83 — 87%) are
described in detail in [1] and carried out in the
Sumy Institute for Surface Modification.

Study of structure and mechanical proper-
ties of the material of substrate and coating
were carried out by methods of optical metal-
lographic, X-ray difractometry, measurements
of microhardness and mechanical tests on
static bend.

Oxidation of samples of iron, steel, iron and
steel with PG-19N-01 coating and iron with
plasma treatment surface were carried out in
muffle furnace at temperatures 500 °C, 700 °C
and 900 °C within three hours.

Radiation treatment of samples was carried
out by protons with energy from 0.6 to
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1.6 MeV up to dose 3x10'™ proton/cm” on the
electrostatic accelerator UKP-2-1 of Institute
of Nuclear Physics.

RESULTS AND DISCUSSION

Experimental results of influence of oxidation
on air at high temperatures and proton irradia-
tion on structure and mechanical properties of
iron with plasma treated surface and iron with
the PG-19N-0Olcoating deposited by plasma-
detonation method represented below.

1. Iron with plasma treated surface. Struc-
ture of initial material (iron), plasma treated
iron, plasma treated iron after oxidation at 700
°C and proton irradiation is shown on fig. 1.
Characteristic feature of initial iron structure is
big mean grain size — 200 pk (fig. 1a). After
plasma treatment the mean grain size become
much smaller and consist 50 pk (fig. 1b). After
oxidation mean grain size practically does not
change, but grain boundaries revealed as fig-
ures of etching (fig. 1¢). Apparently precipita-
tion of some phases on grain boundaries oc-
curred during annealing and their traces after
electrolytic etching are observed. After proton
irradiation mean grain size become large in
comparing with plasma treated surface and
consists 100 pk (fig. 1d).

c) d)
Fig. 1. Microstructure of surface layers of initial iron —
a); plasma treated iron — b); plasma treated iron after
oxidation at 700 °C — c¢) and proton irradiation — d).

Microhardness of initial material (iron),
plasma treated iron, plasma treated iron after
oxidation at 700 0C and proton irradiation is
shown on fig. 2. As follows from dependences
of Hu on distance for treated surface the mi-
crohardness for treated material increases ap-

proximately twice (curve 1) compare to initial
material (line “iron”). Oxidation at 700 °C
leads to little increasing of microhardness
(curve 2) and after proton implantation de-
creasing of Hp in the region of hydrogen in-
fluence (3) is observed.
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Fig. 2. Microhardness of surface layers of initial iron
(iron), plasma treated iron — 1), plasma treated iron after
oxidation at 700 °C — 2) and proton irradiation — (3).

Strength of iron with plasma treated surface
was determined from mechanical tests on
static band, as mechanical properties of sur-
face much more sensitive to band deformation
compare to uneasily deformation. From bend
test follow — plasma treatment of iron surface
lead to strong increasing of iron strengthening
— irreversible deformation begins at load 4 kg
(maximal strength — 8 kg) while as for un-
treated material irreversible deformation be-
gins at load ~2 kg (maximal strength —
4.5 kg). Oxidation at 700 °C leads to further
increasing of irreversible strength. — 5 kg (ma-
ximal strength — 11 kg). Proton irradiation
leads to decreasing irreversible strength value
up to 2 kg and maximal strength up to 3.9 kg.
It is necessary to note following: One more
impotent fact: cracks on iron surface does not
appear ever for band maximal band angle,
while for plasma treated surface cracks forms
at band angle ~ 30°, after oxidation at tem-
perature 700 °C — at the same band angle 30°.
Cracks on plasma treated surface forms at
bend angle ~ 45° for material after proton irra-
diation.

2. Iron with the PG-19N-01 coating depo-
sited by plasma-detonation method. Structure
of the PG-19N-Olcoating deposited by
plasma-detonation method, coating structure
after oxidation on air at temperature 700 °C
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and proton irradiation is shown on fig. 3. Mi-
crostructure of PG-10N-01 coating before oxi-
dation and proton irradiation represent the
mixture of white and dark regions — probably
fraction of PG -10N-01 powder (fig. 3a). After
oxidation on air between deposited material
and substrate appear strong boundary (fig. 3b),
more over in structure of coating forms pores
size of which can reach 100 pk, see fig. 3c.
Proton irradiation does not produce significant
influence on microstructure of coating and
substrate.

Fig. 3. Microstructure of PG-19N-01coating deposited
by plasma-detonation method. a) — after deposing of
coating; microstructure of PG-19N-01coating iron after
oxidation at 700 °C — b); pore in coating iron after oxi-
dation at 700 °C — c); microstructure coating after pro-
ton irradiation — d).

Microhardness value in white reglons is
very high and consist ~715 kg/mm Average
mlcrohardness value of coating equal to ~580
kg/mm® and more than five times exceeds Hu
a of the substrate material. After oxidation on
air at 700 °C during 3 hours mlcrohardness of
coating decrease to value ~310 kg/mm Zone
of microhardness decreasing consists ~80 —
100 microns from the outer surface of coating,
Hp of other part of a coating remaln the same
as before oxidation (580 kg/mm?). Proton im-
plantation leads to softening of coating on
~28%, softened zone extend on 10 — 12 pk
and corresponds to projective range of pro-
tons. Microhardness value behind projective
range corresponds to unlrradlated material and

consists ~580 kg/mm?.

As follow from experiments on static band
flexural strength of PG-10N-01 coating on
iron is insignificant. For bend angle ~10° at
the surface of coating appear frontal crack and
at bend angle ~60° delaminating of coating is
observed. Irreversible deformation begins at
load 2 kg and coincides with crack formation
and maximal load consist 3 kg and corre-
sponds to delamination of coating. For oxi-
dized material cracks forms at the same bend
angle 10° and at bend angle 45° delamination
of coating occur. At that weakening of mate-
rial take place: cracks forms at bending stress
1.5 kg and delamination — at bending stress —
2 kg. Proton irradiation does not significantly
influence on mechanical properties of Ni-base
PG-19N-01 coating: cracks forms at bend an-
gle ~10° (see fig. 4), delamination of coating
occur at bend angle ~ 60°, stress level for ir-
reversible deformation and maximal stress is
the same order as for unirradiated material.

CONCLUSION

1. Plasma treatment of iron leads to significant
improvement of mechanical properties of ma-
terials surface and reaches 200 microns from
the treated surface. In that region mean grain
size decrease, microhardness and strength in-
crease. Maximal increasing of microhardness
and strength (~2 times) reaches up to 100 mi-
crons from treated surface. Together with in-
creasing of bending strength formation of
cracks take place at rather small band angle
(~ 60°) as follow from bend test. Oxidation on
air at high temperatures (500 °C and higher)
of iron with plasma treated surface leads to
degradation of mechanical properties. Micro-
hardness practically left the same. Net of
cracks forms at band angle ~30° as follow
from bend test. Proton irradiation leads to re-
covery of mechanical properties: microhard-
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PG-19N-01 coating after oxidation at 700 °C.

ness decrease, ben-ding strength decrease to
the level of initial material.

2. Deposition of Ni-base PG19N-01 coating
by plasma-detonation method allow significan-
tly improve physical and mechanical proper-
ties of material, for example iron. PG-19N-01
coating has rather low corrosion resistance, but
PG-19N-01 coating significantly increase
hardness, strength, wear resistance. Bending
strength of that coating the same order as for
initial material and at band angle ~60° delami-
nating of coating take place. Oxidation on air
at high temperatures (500 °C and higher) of
iron with Ni-base PG-19N-01 coating leads to

BILIUB IMILUIAHTAILIIL BOJIHIO TA
OKHUCJIIOBAHHS HA IIOBITPI HA
CTPYKTYPY I MEXAHIYHI
BJIACTUBOCTI NIOKPUTTIB
HA OCHOBI HIKEJIIO PG-19-01
K.K. Kagupxanos, C.B. Kucanuin,
®.P.Komapos, A./l. IlorpedHnsk,

B.C. Pycaxkos, B./K. TyJemesn
BuBueHO BIUIMB OKHCIIOBaHHS Ha TOBITPI H iM-
IDIaHTAIlll BOJIHIO Ha CTPYKTYpPY W MEXaHi4yHi BIa-
CTHBOCTI HikeneBux NMOKpuTTiB PG-19N-01, Hane-
CEHMX Ha 3aJli3Hy MiIKIAJUHKY Ta 3 HEePKaBitouoi
crami 30.12Cr18Nil0Ti migkgaguHKHA, a TaKOX
3aii3a i3 TIa3MoBo0 00poOKoro moBepxHi. [loka-
3aHO, IO IMIUIAHTAIlisl TPOTOHAMU 3 CHEPTi€l0 BiJ
0,6 no 1,6 MeB 3 mo3zor0 3-10" r[pOTOH/CM2 npu-
BOJAMTH JI0 HE3HAYHUX 3MiH CTPYKTYPH ¥ MIITHOCTI
xapakTepuctuk nokputtsa PG-19N-01. V 3pazkax,
OKHUCIIEHUX Ha MOBITpi mpu Temmeparypax 500 °C,
700 °C u 900 °C y mumHi 3-X TOQUH criocTepira-
7ocs 30UTbIICHHS MIKPOTBEPAOCTI W 3MilTHEHHS
MaTepialy Npd MEXaHIYHWUX BUIPOOYBaHHSIX Ha

CTaTUYHHUH BUTHH.

degradation of mechanical properties of coat-
ing. Microhardness decreases almost twice,
bending strength decrease. At band angle ~10°
on the surface forms cracks and at band angle
~45° delaminating of coating take place. Pro-
ton irradiation does not significantly influence
on structure and mechanical properties of
Ni-base PG-19N-01 coating.
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BJIMSAHUE UMIIVIAHTALIMA BOJOPOJA
N OKHUCJIEHHUSA HA BO3AYXE HA
CTPYKTYPY U MEXAHUYECKHE

CBOHCTBA INOKPBITUI
HA OCHOBE HUKEJIA PG-19-01
K.K. Kagbip:kanos, C.B. KucinubiH,
®.P.Komapos, A./l. IlorpedHnsk,
B.C. Pycaxkos, B.7/K. TyJemes

WzydeHo BiMsHHE OKHCICHUS HAa BO3AYyXE M UM-
IUTAaHTallMU BOJOPOAA HA CTPYKTYPY M MEXaHHUe-
CKHE CBOMCTBa HUKeNEBbIX NOKpbITUH PG-19N-01,
HAaHECEHHBIX Ha XEJEe3HYI0 MOMJIOXKKY W M3 He-
pxaseromeit cramu CO.12Cr18Nil0Ti moamoxkw,
a TaKKe KeJe3a C IJIa3sMEHHOH 00paboTKOW mo-
BepxHOCTH. llokazaHO, 4TO MMIUTAHTALMSA MPOTO-
Hamu ¢ sHeprued ot 0,6 mo 1,6 M»aB ¢ gozoii
310" mpoTon/cM’ MPHBOAUT K HE3HAYMTENBHBIM
HW3MEHEHUSIM CTPYKTYpPhl M HPOYHOCTHBIX Xapak-
tepuctuk TOKpeITHS PG-19N-01. B o0pasmax,
OKHCJICHHBIX Ha BO3IyXe IpPH TeMIepaTypax
500 °C, 700 °C 1 900 °C B TeueHHH 3-X YacoOB Ha-
OI0aI0Ch  YBEJIMUEHHE MHUKPOTBEPIOCTH M YII-
POYHEHHUSI MaTepHaja NP MEXaHHYECKHX HCIIbI-
TaHMAX HA CTATHYECKUN U3THO.
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