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The erosion factor of the matrix and filler phase composition having influence on the C-C composite resistance
has been shown. The main mechanisms of such an effect are determined and the steps of improving the functional
characteristics of composites are determined. It is assumed that the erosion and sublimation resistance of C-C
composites, obtained by the gas-phase infiltration method using the radially-moving zone of pyrolysis, is due, first
of all, to a highly-ordered crystalline pyrocarbon matrix. It is shown that the C-C composites have a unique

temperature resistance and workability at high temperatures.

PACS: 621.762

INTRODUCTION

Carbon-carbon  composite  materials  (C/C),
obtained by the thermogradient gas-phase infiltration
using the radially-moving pyrolysis zone, have: high
temperature sublimation; high mechanical strength at
temperatures up to 2.800 °C; high resistance to thermal
stresses; chemical inertness; low density; high corrosion
resistance and a number of other characteristics[1, 2].
The advantages of C-C composites, compared to the
alternative  high-temperature  structural — materials,
promote their use in the critical elements of aerospace
engineering. For example, in a rocket solid-fuel engine
(RSFE) the gas flow temperature reaches 2500 °C or
more, provided that solid fuel combustion products
contain abrasive particles. The ablation and erosion
wear of the material in the RSFE critical cross-section
is accompanied by decreased engine thrust, increased
fuel consumption and can lead to accidents. Currently,
C-C composites are commonly used for fabrication of
the nozzles of rockets returning from space, wing edges
and flaps of spacecraft, inserts, etc. [3].

The purpose of this study is to evaluate the
resistance of C-C composite under conditions of erosion
and sublimation wear of the structural material. To
achieve this purpose, a series of tests on different
composite materials were carried out to determine the
erosion and sublimation rate under conditions of the
stand placed at the Pavlograd Chemical Plant (SE RIC
PCP).

1. STUDY ON THE EROSION RESISTANCE
OF PYROCARBON-BONDED COMPOSITES
For investigations a series of critical cross-section

inserts were made from various materials. The
appearance of the insert is presented in Fig. 1.

Fig.1. Appearance of the model insert of a critical
cross-section for investigations under conditions of the
SE RIC PCP

At the first stage, the inserts fabricated from
pyrocarbon-bonded graphite (GSP) were tested (4). In
fact, GSP is the carbon-carbon composite containing the
powder of industrial-grade graphite, or powder with a
high content of pyrocarbon, which is obtained by
mechanical processing of C-C composite material.
Depending on the pyrocarbon content, materials GSP-
50, GSP-75, GSP-90 differs by the figure indicating the
percentage of the pyrocarbon matrix in the composite,
respectively.

By its characteristics, GSP is similar to the high-
quality industrial graphites, but significantly exceeds
their strength and resistance to burnout. GSP-75
material was used to conduct experiments on the stand.

The data on the burnout of inserts fabricated from
different carbon/carbon composites are given in Table.

Data on the burnout of inserts fabricated from different carbon-carbon composites

Material GSP

TNC “Suvius”

Critical diameter before testing, mm 11

11 11

Critical diameter after testing, mm
Input — output cross-section (average)

11.32...12.67 (12)

11.21...11.38 (11.30) | 11.16...11.95 (11.56)

1.08

Mass loss, Am/m, %

4.60 4.37
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Fig. 2 shows the appearance of inserts tested on the
stand. As can be seen from the figure, the GSP insert
has preserved its integrity, but in the entry area the thin
walls of GSP material did not withstood the load that
resulted in material cracking. In addition, in some
experiments a nonuniform critical cross-section heating
was observed. However, it should be noted that the GSP
insert had a minimum loss of mass.

Fig. 2. Appearance of the GSP inserts after testing on
the stand

In subsequent experiments the tests were carried out
on the stand with inserts fabricated from C-C
composites of brands TNC and Suvius. The TNC C/C
insert is a composite with a winding structure of carbon
viscose tissue bounded by PyC using the thermogradient
gas-phase infiltration technique. The Suvius C/C insert
is a composite with a structure wound on the mandrel
where the carbon fiber layer alternates with carbon felt.
The average density of preforms is 0.62...0.64 glcm®.

To fabricate inserts the material was designed so that
its direct contact with the gas jet maximally took place
in the zone of the layer with an increased content of the
pyrocarbon matrix. The inserts of both C/C brands have
preserved their integrity after testing. The appearance of
inserts after testing is shown in Fig. 3.

Fig. 3. Appearance of the inserts after testing on the
stand (on the left — THC C/C,
on the right — “Suvius” C/C)

As is seen from the given data, both the TNC and
“Suvius” composites have withstood the test conditions
(pressure of about 100 atm, high temperature, erosion
wear). However, the insert made from the “Suvius”
composites shows a smaller weight loss, although this
C-C composite material has a noticeably greater nozzle
“blur” (erosion) on the rear face.

The results of tests under harsher conditions are
presented in Fig. 4.

Fig. 4. Appearance of the inserts after testing (on the
left — GSP, in the middle — TNC C/C,
on the right — “Suvius”

As can be seen from Fig. 4, when the load on the
insert increases, the GSP cracking occurs. The TNC and
“Suvius” composites have withstood the tests without
destruction. However, in the “Suvius” material the
degree of burnout of layers having different matrix
content is very different that correlates well with the
data on the composite resistance to oxidation reported in
[5]. However, the burnout of TNC composite material,
having a higher burnout degree, occurs more uniformly.

2. STUDY ON THE EROSION RESISTANCE
OF C-C COMPOSITES WITH
PROTECTIVE COATING

The C-C composites, having high physical-
mechanical properties, show a relatively low corrosion
resistance at temperature above 500 °C. In this regard,
there is a need to protect C-C composites from the high-
temperature corrosion. The attempt to protect graphite
and C-C composites from oxidation using protective
coatings is associated with overcoming a number of
difficulties related to their low temperature linear
expansion coefficient (TLEC), structure inhomogeneity,
high porosity and volatility of oxides. At high operating
temperatures in the products made from C-C composites
with a protective coating a gas release is observed that
leads to the destruction of the composite surface layer.

The refractory metals and their compounds used as
components of the protective layer have TLEC which
significantly differs from that of carbon compositions
and, as a result, there is a problem of coating adhesion
to the base [6]. In connection with the above, there is a
need to conduct tests on the erosion resistance of C-C
composites with a protective coating.

The erosion resistance of C-C composites with a
protective coating was investigated on the special test
stand in the SE “Yuzhnoye Design Office” under
conditions of liquid-fuel engine operation simulation.

The appearance of the test stand is presented in
Fig. 5.

To carry out the tests on the corrosion resistance of
the TNC composite with a deposited protective coating
we have prepared the C-C composite samples. The
sample has been coated with a slurry layer of powder
mixture  (Si+Zr+B+Hf+Mo) followed by boron
siliconizing at temperature of 1300 °C for 18 h. The
thickness of the formed heat-resistant layer was about
160 um, and the specific increase of mass was
114 mg/cm?.



During the experiment, the sample tested on the
stand was heated nonuniformly.

. M :
Fig. 5. Appearance of the stand for testing C-C
composites with protective coating under conditions of

liquid-fuel engine operation simulation

There was a high-temperature gas jet which formed
a critical cross-section overheating leading to the
nonuniform through burnout of the sample in this area.

Due to a critical drop of the test stand parameters,
the experiment was stopped. The appearance of the
sample after the experiment stopping is shown in Fig. 6.

Fig. 6. Appearance of the sample from the C-C
composite with a protective layer in the critical-section
overheating zone

Studies have shown that there is a significant
burnout of irregular forms in the critical cross-section
zone. This evidences on the fact that the protective
coating of the sample does not provide a necessary
resistance under conditions of a powerful erosion flow.
At the same time, some of the control samples placed
under the same temperature conditions, but outside the
flow zone, have preserved their integrity.

CONCLUSIONS

The erosion factor of the matrix and filler phase
composition having influence on the C-C composite
resistance has been investigated.

The main mechanisms of such an effect are
determined and the steps of improving the functional
characteristics of composites are formulated.

It is shown that C-C composites have a high
potential, allowing them to endure significant chemical,
thermal and mechanical loads, and can be applied in the
rocket and space technology.

The erosion resistance of C-C composites fabricated
by the gas-phase infiltration method using the radially-
moving pyrolysis zone is due, first of all, to the high-
ordered crystalline pyrocarbon matrix.

The efficiency of protective coatings for C-C-
composite resistance is proved.

However, under conditions of simultaneous
increased oxidation and erosion attack, the efficiency of
protective coatings is insignificant.

In paper [7] it is proposed to use a three-layer
coating to protect C-C composites, each layer of which
must perform its function. Such a multilayer coating
provides the C-C composite protection from the
oxidation for more than 10 h at temperature of 1700 °C
in the air.
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HCCIEIOBAHHUE BJIIMAHUS ®PA3OBOI'O COCTABA MATPUIIBI U HAIIOJTHUTEJISI
HA 3PO3UMOHHYIO CTOUKOCTbD YIVIEPOA-YIVIEPOJAHBIX KOMITIO3ULIMOHHBIX
MATEPHUAJIOB, HOJYYEHHBIX METOJAOM I'A30PA3HOI'O HACBIIIIEHUSA

10.A. I'pubanos, H.B. I'ypun, B.B. I'yiioa, FO.B. I'yiioa

[TokazaHO BiMSHME 3PO3HMOHHBIX (AaKTOPOB Ha (a3oBBI COCTaB YIIEPOJ-YIIIEPOIHBIX KOMIO3HIIMOHHBIX
marepuano (YVYKM) (samonantens u Matpuia). OnpeieieHsl OCHOBHBIE MEXaHU3MBbI BIHSHHUS, CYOPMYITHPOBAHEI
IIard TOBBIMEHUS (YHKIMOHATBHBIX XapaKTEPUCTHUK KOMIO3MTOB. [Ipeamomaraercsi, 9TO 3pO3HOHHAs U
cyonmmmanonHas crodkoctn YYKM, MONydeHHBIX METOAOM Ta30(a3HOTO HACHIIEHHS C HCIONb30BaHUEM
pamuasbHO JIBWDKYHICHCS 30HBI TNHPONHN3a, OOYCIOBIEHBI B TIEPBYIO OYEPEAb BBICOKOYMOPSIOUYCHHON
KpUCTAINIMYECKOH nupoyryieponHol Marpuueid. Ilokazano, uto YYKM HMEIOT yHHKalbHYIO TEMIIEpATypHYIO
CTOMKOCTH ¥ pabOTOCIIOCOOHOCTH MPH BBHICOKUX TEMIIEPATypax.

AOC/IIZKEHHSI BIVIMBY ®A30BOI'O CKIIALY MATPUII I HAITOBHIOBAYA
HA EPO3IMHY CTIMKICTD BYIVIEHb-BYTI'JIEHEBUX KOMIIO3UINIMHUX MATEPIAJIIB,
O OTPUMAHI METOAOM I'A30®A3HOI'O HACUYEHHSA

10.0. I'pubanos, 1.B. I'ypin, B.B. I'yiioa, FO.B. I'yiida

[NokazaHo BIUIMB epo3ifHMX (QaKTOpiB Ha ()a30BUI CKJIA[ BYTJICIb-BYIJICIEBUX KOMIIO3UIIIHAX MartepialiB
(BBKM) (mamoBHIOBa4 i MaTpuiyl). BusHaueHO OCHOBHI MEXaHi3MH BIUIUBY, COPMYJIbOBaHI KPOKHU IIiIBUILCHHS
(YHKIIOHATHPHAX XapaKTePUCTUK KOMMIO3UTIiB. [lepenbauaetbes, mo eposiitHa Ta cyOmiMariiina crifikicti BBKM,
AKi OTPHMaHi METOIOM Tra30()a3HOr0 HACHYCHHS 3 BHKOPHUCTAHHSAM 30HH MIpONi3y, IO pamialbHO PyXaeThes,
00YMOBIICHI B TIepIly 4epry BHCOKOBIIOPSIKOBAHOK KPUCTATIYHOIO MipoBYIWeneBor Marpuieto. Ilokasano, mo
BBKM wMace yHikanbHy TeMIepaTypHy CTIHKICTb i IIpane3jaTHICTh IPU BUCOKUX TEMIIEpaTypax.



