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Abstract
The corrosion behavior of Y-(a + b)-sialon/TiN materials in hot hydrochloric acidic solutions (808C) was studied. The effect of TiN on the

corrosion behavior of Y-(a + b)-sialon/TiN materials was investigated. The results revealed that the introduction of TiN accelerate the

corrosion. With the increasing of TiN content, the a-sialon content on the final composition decreased and more yttrium remains on the grain

boundary phase. Therefore, the corrosion was severed due to the formation of soluble YCl3.
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1. Introduction

Si3N4-based materials have been successfully applied in

the chemical industry in several components, including

bearings, ball valves, and other armatures. Therefore,

silicon nitride-based materials often find application in

environments, such as acidic or basic solutions at various

temperatures [1,2]. Although, ceramics are generally more

stable in corrosive environments than common metallic

materials, their chemical resistance under these highly

corrosive conditions deserves to be evaluated. Though

the corrosive behavior of silicon nitride-based materials

in aqueous media has been studied extensively [3–10],

there is still a lack of understanding of the details of the

corrosion mechanism in acids and the effect of secondary

phase on the corrosion behavior need further investigation.

The main purpose of this work is to investigate the corro-

sion of Y-(a + b)-sialon/TiN materials in hot hydrochloric

acidic solutions and the effect of TiN on the corrosion

behavior on the Y-(a + b)-sialon/TiN materials was dis-

cussed.
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2. Experimental procedure

The starting materials were Si3N4, Al2O3, Y2O3, AlN,

and TiN. Si3N4 was from UBE with grade SN-E10, and the

others were local products of high purity (>99.2%). The

samples were prepared according to the weight ratios of

Si3N4:AlN:Y2O3:Al2O3 = 81.1:8.0:4.4:6.5, and the content

of TiN is various from 0 to 10 wt.%. The powders were

mixed in alcohol and milled in a plastic jar with sialon balls

as milling media. After drying, the powder mixtures were

sieved and uniaxially pressed at 20 MPa, and then cold

isostatically pressed at 200 MPa. The isostatically pressed

green compacts were placed in a graphite crucible and

sintered at a temperature of 1780 8C for 2 h in 0.1 MPa

N2 atmosphere. The as-received samples were machined

into 3 mm � 4 mm � 20 mm bars.

Corrosion tests were conducted in separated containers

(glass tube sealed by rub lid), with 50 ml of 8 M HCl

solutions. Containers were placed in a constant temperature

bath at 80 8C. One sample type per container was specified

to avoid cross-contamination. Aqueous dissolution of cera-

mics is typically controlled by chemical reactions or mass

transfer at the solid–liquid interface and not by diffusion, so

static condition is acceptable. HCl is hazardous and proper

safety precautions must be followed. After the planned
ved.
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exposure time, the specimens were removed from the tubes,

rinsed in boiling deionizated water, dried and weighed. Then

the weight loss DW = DW/S (mg/cm2) was calculated.

Density and porosity was measured and calculated by the

Archimedes method. The amount of yttrium ion dissolved in

the solution was measure and calculated by ICP–OES

(coupled plasma optical emission spectrometers) method.

X-ray diffractometry (XRD) was conducted to detect the

final phase composition. The microstructure was examined

by SEM.
Fig. 2. Mass loss with various TiN content in hydrochloric acidic solutions

at 80 8C (100 h).
3. Results and discussions

The samples with 0, 2, 5, 8, and 10 wt.% TiN content

were called A0, A2, A5, A8, and A10, respectively. Fig. 1

shows the fracture surface morphology of the A10 sample

before and after 100-h corrosion. It could be observed that

the corrosion mainly occurred at the grain boundary. Fig. 2

shows specific mass loss of the materials as a function of TiN

content. The mass loss is increased with the increasing of
Fig. 1. The fracture surface morphology of the A10 sample: (a) before

corrosion and (b) after corrosion.
TiN, which indicated that the introduction of TiN acceler-

ated the corrosion of the materials.

Fig. 3 shows the results of density and open porosity of

the samples as a function of TiN content. The density

increased with the increasing TiN content because the

theoretical density of TiN is higher than that of Si3N4. It

is known that the open porosity is important for corrosion

resistant, because the high open porosity increased the actual

contact area. In present work, however, the open porosity

varied in a very narrow range, therefore, the major factors

which influence the corrosion should be TiN and its reaction

with the matrix.

It is well known that the chemical stability of Si3N4-based

ceramics in acid or basic environments is strongly affected

by grain boundary phase, depending on its composition,

amount, distribution and crystallinty, while Si3N4 matrix is

usually less affected by the corrosion [3,8,9]. The addition of

a secondary phase (TiN in this paper), influences the overall

corrosion of the material due to two concurrent features:

(i) the second phase has individual and specific corrosion

characteristic and (ii) it changes the composition of the grain

boundary phase [10].
Fig. 3. Density and open porosity as functions of TiN content.
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Fig. 4. Back scattered micrograph of the A10 sample (white areas are TiN particles).
The microstructure of the materials consists of elongate

grained b-sialon grains and equiaxied a-sialon grains sur-

rounded by a glassy grain boundary phase and of well

dispersed secondary phase (TiN) particles (Fig. 4). The

grain boundary phase is composed mainly of amorphous

phases in the systems Al–Y–Si–O–N and Y–Ti–O. The

Y2O3 introduced as sintering aids, enters in solid solution

in a-sialon grains during the re-precipitation phenomena

that occur in the liquid phase sintering process. Moreover,

Y2TiO5 was identified in sample A10 among the re-crystal-

lized grain boundary phases after annealing tests, indicating

that during sintering of the TiN-containing mixture, TiO2

present on the surfaces of TiN particles interacts with Y2O3

leading to the formation of yttrium titanate [11]; this phase is

therefore, present in the amorphous state in the as pressuer-

less sintered material. The XRD results showed that the a
Fig. 5. XRD patterns of A0 and A10 samples.
content in the final composition decreased with the intro-

duction of TiN, as shown in Fig. 5, which means the residual

yttrium in the grain boundary phase increased. It is known

that the yttrium is responsible for the degradation of the

resistance in HCl solution due to the formation of soluble

YCl3 [12,13] Therefore, with the increasing of TiN, the

corrosion rate increased.

Fig. 6 shows the amount of titanium and yttrium ions

dissolved in the corrosion solution. It revealed that with the

increasing of TiN content, titanium and yttrium ions

increased, which indicated that more yttrium remained in

the ground boundary phase due to the introduction of TiN

during the sintering process and then dissolved in the acid

solution during the corrosion process.

Fig. 7 shows the mass loss of sample A0 and A10 as a

function of corrosion time. The results showed that the
Fig. 6. Amount of Ti and Y dissolved in the corrosion solution.
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Fig. 7. Mass loss of A0 and A10 samples after different exposure time.
corrosion rate is nearly linear, which indicated that the

progress of acidic attack is completely interfacial- and

reaction-controlled.
4. Conclusions

The corrosion behavior of Y-(a + b)-sialon/TiN materials

in hot hydrochloric acidic solutions (80 8C) was studied and

a conclusion could be drawn that the introduction of TiN

decreased the corrosion resistance due to changing the final

composition, especially the residual yttrium in the grain

boundary phase. The corrosion was interfacial- and reaction-

controlled and, therefore, the corrosion rate was nearly

linear in present experiment condition.
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