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ABSTRACT

The chlorination of nickel-chromium alloys in chlorine environment at 575 ‘C was investi-
gated using thermogravimetric analysis and examination of the corrosion products using SEM,
EDS, XRD, XPS and chemical analysis. In a dry chlorine environment at high temperature,
the corrosion resulted from the formation of volatile chlorides. The reaction kinetics followed a
complex pattern which can be approximated by initial parabolic rate law to linear rate law after

long time exposure.
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1 INTRODUCTION

Corrosion of many metals in chlorine
gas at elevated temperatures were greatly ac-
celerated due to the formation of low melt-
ing point volatile chlorides by chlorination re-
actions. The upper temperatures for continu-
ous service were limitedl'*?). Several previ-
ous studies had focused on the effect of con-
tamined chlorine as an accelerator of oxida-
tion(3-5], but little has been done on the cor-
rosion behavior of alloys in high partial pres-
sure chlorine at elevated temperature.

In chemical industry, liquid chlorine
must be atomized using over- chlorination
technology to produce tetrachlorethylene and
tetrachloroethane. The reaction was carried
out between 500 and 600 C. The reaction
chamber and vaporizer suffered severe dam-
age during reaction.
nickel and chromium have some importance

Among metals only

because of the comparatively high melting

(@ Manuscript received March 15,1993

points and low vapor pressure of chloridel®].

In this work, the chlorination processes of
Ni-Cr alloys in dry chlorine at 575 'C are
studied. The kinetics of chlorination and re-
action product scales were also discussed.

2 EXPERIMENTAL

Ni-Cr alloys were melted and drop
cast, using 99.9% Ni,99.9% Cr in an Ar
gas atmosphere. The alloy ingots were an-
nealed at 1 150 'C for 24 h. Samples were
10mm X 10 mm X 0. 5 mm in size, polished
with 600 mesh silicon carbide emery paper
and degreased with acetone.

The chlorination tests were carried out
in the corrosion apparatus (Fig. 1). Before
the chlorine gas was introduced into reaction
chamber, water in chlorine was absorbed by
H,S0,. The gas flow rate was 1.5 cm/s.
The temperature in the reaction zone could
be kept at 57543 C. In order to clean the



Vol.4 N2, 1

Chlormation of Ni-Cr Alloys i Cl, Environment at 575 C C 67 .

reaction chamber and dry the samples before
each measurement, the apparatus was intro-
duced by N, gas and evacuated to about
1073 Pa. Then the temperature was raised
to 575 C and the Cl, was introduced into
the reaction chamber.

The weight change during corrosion
was measured by a Cahn Model 1000 Bal-
ance. The outer scales of alloys after attack
were examined by optical and scanning elec-
tron micrograph. The reaction products
were analysed by XRD, EDS and XPS.
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Fig. 1
1—aquartz helix; 2—reaction chamber;
3—sample; 4—potentiometer ;
5—furnace ; 6—temperature controller ; 7—Cl,

Corrosion apparatus

3 RESULTS AND DISCUSSION

X-ray diffraction and chemical analy-
sis data indicated reaction products formed
on the alloys and deposited on the reaction
chamber were same chlorides; NiCl, and Cr-
Cl;. The chlorination reaction consisted of
two major processes: (1)formation of chlo-
rides; (2)vaporization of chlorides.

Fig. 2 shows weight change of test sam-
ples of Ni- Cr alloys exposed to Cl, gas at
575 'C. For short time exposure, the weight
of samples increased because of the forma-
tion of NiCl,, CrCl; and growth of scale. Af-
ter long time exposure, the samples showed
a net decrease in weight for vaporization of

NiCl, and CrCls. At 575 C standard condi-
tion, the vapor pressures of NiCl, and CrCl,
are 2. 94 Pa or 2. 34 Pal™.
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Fig. 2 Weight change s exposure time for Ni-Cr
alloys corroded at 575 ‘C in Cl, gas
1—Ni-4Cr; 2—Ni-8Cr; 3—Ni-13Cr;
4—Ni-23Cr; 5—Ni-30Cr

According to the results of thermo-
gravimetric experiments and reaction prod-
ucts, the nickel-chlorine and chromium-chlo-
rine reaction are the same process, namely,

Ni(S) +Cl;(g)—NiCl.(S) qp;
NiCl, (S)—NiCl,(V) (2)
Cr(S)—|—3/2C12(g)-+CrC13(S) (3
CrCl;(S)—CrCl3(V) 4)

The rate of chloride formation was con-
trolled by Cl™ diffusion through the scale.
the initial corrosion stage, the thickness of
reaction product scale formed on alloy was
thin, the distance of Cl~ diffusion was
short, then the rate of chloride formation
was rapid. In steady corrosion system, the
rate of vaporization from the surface was

normally considered to be constant.
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d(Wo) _ d(Ni-Cr) d(NiCl, + CrCl3),

di dt + dt
+ d(NlClz :; CrC13)d (5)

where (NiCl; + CrCl;), represents the chlo-
rides on the alloy, (NiCl,+CrCls)4 the chio-
ride deposited on the reaction chamber.
Under steady state condition, the rate
of scale growth equals the rate of vaporiza-

tion, then

d(NiCl, c—llt- CrCl3), — 0 6

Now, the weight loss is solely due to the va-
porization process. Each mole of Ni-Cr alloy
produces one mole chlorides, thus

d(Ni-Cr)
dt -
d(NiCl, + CrCl;),(evap)
— (7)
de
Fquation(7) can be rewritten as
d(Ni-Cr) d (NiCl; + CrClz).(evap)
de - de
>< MNifCr (8)

M(NiC|2+CrC13)
where Mni.c: and M (NiCl, +CrCl) represent the
mass per mole of the alloy anc the chlo-
rides, respectively.

In dry chlorine atmosphere at 575 C,
d(NiCl;+CrCl3).(evap)

— K’,
™ 7 (9
iCl, 4+ CrCl
and IV 2(‘; rClo)s _ gy (10)
Hence, under steady state condition,
d(”/vt) MNi—Cr
=— ———Kv Kd
d? M(NiCIZ § crel) T

= Ke (1)
At time ¢, the weight change of the
sample will be

M(NiCIzw‘CrCl,‘) - MNi»Cr
AW, = : r + Kdt
M(NiC12+CrCI3)
MleCr
— — Kt (12)
M(NiC]2+CrC]3)
where z is the thickness of the chloride

scale at ¢t , Equations (9) ~ (12) can be
combined to give
AR, = mzx — Ket (13)

At the initial stage, the rate of chloride
formation was rapid. The thickness of chlo-
ride scale increased with increasing exposure
time. The kinetics of Ni-Cr alloy—chlorine
reaction nearly followed a parabolic rate
law. When the rate of vaporization equaled
the rate of the scale growth, the reaction
reached the steady state. At the steady
state, the thickness of chloride scale main-
tained constant. The kinetics of chlorination
exhibited a linear decrease in weight as a re-
sult of the evaporation of volatile chlorides.

When the alloy was exposed in Cl; gas
at 575 'C, the surface of the alloy was cov-
ered with a yellow reaction product scale
(Fig. 3). For short time exposure, the
scales exhibited spalling morphology. After
long time exposure, the volatile chlorides
caused mechanical damage to the growing
scale. The scales exhibited blistered morphol-
ogy. The blistering of scales formed on the
alloys containing high chromium content ap-
peared much severe.

At the steady state, the corrosion pro-
cess was determined by the volatilization of
chlorides. In Cl, atmosphere at 575 C the
vapor pressure data of NiCl, and CrCl; were
almost the same, the transfer rates of
volatile NiCl, and CrCl; produced at the
scale-alloy interface through the scale were e-
qual. Then the distribution of NiCl, and Cr-
Cl; in the scale was homogeneous.

Fig. 4 shows XPS spectra formed on
Ni- 13Cr alloy. The surface of scale is pri-
marily nickel, chromium and chlorine. Oxy-
gen on surface was absorbed by water in
air. The peaks of Ni,, and Cr,, indicate that
inckel is in NiCl, and chromium is in CrCls.

After sputter etch to remove outer surface,
the Ni,» and Cr,, peaks did not shift. Accord-
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ing to ref. [ 8] the products of chromium-
chlorination reaction were CrCl;, CrCl; and
CrClt,. But in this work, there was no evi-

dence of CrCl. and CrCl,.
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Fig. 3 Scanning clectron micrographs of
Ni-Cr alloys after exposure to Cl. gas at 575 C
(a) Ni-13Cr,10h,600X; (b) Ni-13Cr, 100

Cl; gas at 575 C resulted from the forma-
tion of volatile chlorides.
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Fig. 4 XPS spectra of a scale formed
on Ni-13Cr alloy

(2) At the initial reaction stage, the
chlorination process was controlled by chlo-
ride ion diffusion throgh the scale. The kinet-
ics of reaction followed a parabolic rate law.
When the reaction reached the steady state,
the chlorination process was detemined by
the volatilization of chlorides, and the kinet-
ics of reaction exhibited a linear rate law.
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4 CONCLUSION

(1) The chlorination of Ni-Cr alloy in




