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ABSTRACT

We propose a number of €quations to evaluate the service life
of materials in corrosive media. We analyzed several cases:
uniform stress corrosion, stress corrosion cracking and corro-
sion cracking with low-rate deformation, low-cycle corrosion
fatigue. The analysis results for the stated above corrosion-
mechanical injuries are also given in the paper.
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Diskussions and Results
The authors propose several variants of injuries mathematical
models based on the kinetic approach and experimentally
tested on their usage efficiency. In case of corrosion cracking
while operating the material - and under the influence of
corrosion medium we propose the following force-type kinetic
equations for the stage of scattered injuries:

di/dT = £6(T); 6 (¥); T(x); 1 (TY; C(T)] (1)

where ﬂ - Some injury measure within B<fl<1; 6§(T) - loading re-
gime; 6 (T ) - loading rate; T(T ) - temperature defined at
function of time; C(T ) - a parameter taking into account the
character of the aggressive medium influence on the metal
deformed. The equality /7 =@ corresponds to the undamaged
material and the equality /7=1 is the injury condition.

In the simplest case the injury /7 can depend only on the level
of acting stresses and the solution of the differential equa-
tion (1) leads to the formula of the linear injury summation:

= [ d6 /tiso)] (2)
o
Kinetic equations of non-linear injury summation possess great

opportunities. Let us introduce an independent time parameter
as well as stress parameter 6 into the equation;
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dM/aT =£(G,7T) (3)
m
Having taken time function in the form of power dependence AT
we get: v
L m-1

m- 8 48 (4)
fl= t™[G(8)]
0

Having taken time function in the form of exponential depen-
dence Ae we get:

T
(6 -t1G(8)1}
= rJ.er d (5)
0

The constants m and defined from the conditions of the expe-
rimental data best  description under non-stationary loading
regimes are introduced to the dependences (4) and (5).

The dependeces (4) and (5) modifications are as follows:

n

m
n - :1;' (T /te ) (5%)
n r(T—t )
n - 2: e . (6)
K={

We can also use the well-known injury equation:
dflZdT = @ (d 6" /dT) + £(¢) (7)

whence it follows:

T
1-6o/Ge 46
n =6o/6 -+ ft[(f(ﬁ)] (8)
0

The efficiency experimental test of this or that kinetic equa-

tion was conducted on the basis of two-stage test results. The
test results are shown in Table 1. One can see that the formulae

of non-linear injury summation give a good description of the

scattered injuries stage of corrosion cracking.

For the systems of metal-aggressive medium in which the operating
life of the article is defined basically by the growth stage of

a macroscopic crack it is advisible to use the damage mechanics
method in the calculations on strength and durability. We pro-
pose the dependences to define the damage parameters on the
basis of the well-known conceptions about the energy damage
criteria as well - as the dependence (Ford and Silverman,1980;
Takaku et al.,1979) of the type:

m

a = kt (9)
where a - crack length, t - time, Kk and m - empirical coeffi-
cients. The dependences in which the damage parameters with

the help of empirical coefficients are connected with the
deformation rate are as' follows:
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-{(n+1)/m

tp= z& (10)
. m/M
&= z€& (11)
m  -m(n+l)/M
ap= kz - & (12)
m-1  {(1-m)(n+l)}/M
Ve =kZ - & (13)
where tp - time Dbefore damage, E,- relative length-ending at
damage moment, ap- crack length at damage moment, Vp - average
crack growth rate, m,n,G,k - empirical coefficients, M=m+n+l;
Z=(G/k)'/M . Such an approach makes it possible to define the

damage parameters proceeding from the results of the speeded up
tests on corrosion cracking with constant deformation rate and
to prognosticate the construction durability and strength taking
into account the actual deformation rates of the order of
10°% -10° sec’ characteristic to the operating of a number of
the energy units equipment.

Table 1. Two-Stage Test Results of Steel Samples
in 42% Solution MgCl,

G('” T t, G2) T, t, Injury 1 by the formula
MPa min min MPa min min (1) (3) (4) (5%)°(6) (8)
12X18H12M3TA
210 150 384 90 1440 3350 0.82 1.10 1.09 1.17 1.05 0.73
210 180 384 90 1080 3350 0.79 1.09 1.06 1.14 1.01 0.73
210 180 384 90 900 3350 0.74 1.02 1.05 1.09 0.99 0.69
90 1980 3350 210 40 384 0.70 0.79 0.88 0.99 1.09 0.72
90 1140 3350 210 78 384 0.54 0.64 0.81 0.91 0.95 0.75
90 1140 3350 210 80 384 0.58 0.65 0.81 0.94 0.96 0.77
210.5 120 380 101 780 2747 0.60 0.93 1.04 0.97 1.02 0,61
189.5 120 556 90.5 1500 3321 0.67 0.97 1.08 1.02 0.94 0.68
84,3 960 3714 175.8 90 712 0.39 0.56 0.77 0.77 0.72 0.59
90.5 960 3714 175.8 90 712 0.39 0.56 0.77 0.77 0.72 0.63
05X18AH6E6M2PN
210 180 679 90 1110 4338 0.52 1.05 1.03 0.95 1.09 0.41
210 240 679 90 180 4338 0.40 0.74 0.98 0.74 1.03 0.53
90 1800 4338 210 390 679 0.99 0.82 0.85 1.35 1.25 1.05
90 1320 4338 210 630 679 1.23 1.12 0.84 1.48 1.28 1.22
175.5 180 1158 75.5 690 5427 0.28 0.70 0.96 0.68 0.83 0.32
175.5 180 1158 75.5 1260 5427 0.39 0.81 0.99 0.81 0.87 0.42
189,5 187 932 90.5 780 4304 0.38 0.79 0.99 0.85 0.99 0.42
75.5 738 5427 167 660 1320 0.64 0.68 0.72 1.02 0.92 0.72
75.5 720 5427 167 318 1320 0.37 0.57 0.71 0.79 0.82 0.50
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Table 2. Cbmparison of Experimental and Analytical Damage
Parameters values for 12X18H12M3Tn (A), 05X18AH59P/ (B),
08X18H10T (C) Steels in 42% Solution of MgCl, and 25X15H7M2
(D) Steel in High Parameter Medium.

Steel Para-~ Deformatio n r a } e, se
Quality meter 1.2 10°4 1079 1.1 10 0.9 10- 10
tp e 0.3 1.125 5.5 70 =
(hours) a 0.21 1,309  6.719 42.9 218.6
) e 0.1 0.036  0.02 0.0182 -
, a 0.0898  0.047 0.027 0.0139 0.008
A e LI 2N0089 0008
a e 1.288 1.5 1.625 1.875 =
(mm) a 1.297 1.464  1.63 1.841 2.05
L 1.19-10% 3.7.107* g 2107 7.44-107% - P
(mm/sec) a 1.7 - 107 3.1-10% 6.7. 10° 1.19-10% 2.6.10
tp e 0.72 2.5 8.6 = =
(hours) a 0.68 2.43 7.5 26.9 82.3
& e 0.3 0.075  0.028 - -
r a 0.296 0.087 0.03 0.0087 0.003
B e DD 222087 0.003
a e 0.792 1.18 1.68 2.5 3.58
(mm) * & 0.792 1.18 1.7 - -
vy e 3.1-10™ 1.33-1@15.65-10’: - -,
(mm/sec)a 3.2:10* 1.35.10%.2. 10° 2.6-10 1.2-10
t e 0.61 3.1 7 58 -
(hours) a 0.52 2.38 9.2 43 166
P e 0.222 0.0926 0.232 0.0152 =
’ a 0.224 0.0857 0.0366 0.0139 0.006
O e e e o008 DeDE
a e 0.475 0.68 1.12 1.425 -
(mm) a 0.474 0.694 0.975 1.433 2.009
Vp e 2.14-10" & -1df; 4.46-10°  6.82.10°°¢ -,
(mm/sec)a 2.54-10% 8.1.10% 3.10-% 9 .10 3.3-10
te e 0.65 11.58 72 380.5 =
(hours) a 1.135 8 15.3 324 1822
¢ e 0.234 0.22 0.212 0.144
s a 0.49 0.288 0.18 0.105 0.07
B e 08 BOT
ap e 0.438 0.795  0.776 0.972
(mm) a 0.482 0.614  0.971 0.972 1.203
Ve © 1.87:10% 1.69.10% . 10¢ 7 ] 1o’ -,
(mm/sec)a 1.2-10% 2.1-107% 1.6.10 8.3-10 1.8-10
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where e and a - experimental and analytical Parameters values.

The experiment results and the analytical damage pParameters
values are shown in Table 2 where the correspondence of the
analytical and experimental values is obvious.It isg suggested
that the construction elements calculation should be made with
the help of complex approach. When the article requirements
exclude crack formation it isg advisible to evaluate its operat-
ing life according to the kinetic injury accumulation equations.
For more massive or less important articles where some plastic
deformation and the work at crack is acceptible it is advisible
to use the equations based on damage mechanics Principles.

The process description of multicycle fatigue scattered injuries
is suggested to use the kinetic force-type equations. We have
tested different €quations and defined the efficiency of using
the formulae of non-linear injury summation similar to the ones
stated above for corrosion cracking with substitution of the
time parameter by the cycle number.

As to the low-cycle fatigue processes two variants are accept-
ible, one of which is based on Koffin- Manson equation where
constant coefficients are determined on the basis of low-cycle
fatigue experiments. The disadvantages of this approach are the
considerable duration and labour-intensiveness of the
experimental determination of these coefficients.

To simplify the task we propose the following method. In the

worst loading conditions in medium the characteristics of the

material were determined accoding to the speeded up test results

by constant deformation rate method. These characteristics were

used for low-cycle fatigue description of the material to theore-
tical curve, Low-cycle fatigue curve equation for symmetrical

cycle and strict loading regime is as follows:

np
eq= (174N )-1n /(1-y) + gl/et (14)

¢ . t
Where m =0.5, @,= G;+ 0.4 with G'<700MPa

Theoretical fatigue curve in the air for 10FH2MPA steel at 350°C
determined from this equation is shown in Fig. (Curve 1).

As deformation ability is one of the principal values of the
equation it is advisible to determine the theoretical low-cycle
fatique curve according to the speeded up test results for the
metal-medium systems where corrosion-mechanical injury develop-
ment takes place mainly according to electro-chemical mechanism.
The minimum value of relative construction obtained at the test
in aggressive medium with critical deformation rate value is
used for this purpose. As shown in Fig. (Curve 2) such a theo-
retical curve is the envelope which bounds to its left the
obtained experimental low-cycle fatigue data in the strict
loading regime.
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Fig. Low-cycle fatugue curves for 13 H2M A-steel
1 - theoretical fatigue curve in the air
at 358°C;
® - theoretical fatigue curve in the medium;
® - experimental low-cycle fatigue data
according to rapture moment;
o - experimental data according to crack
initiation moment.
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ABSTRACT

The paper discusses mechanism of the effect of adsorbtionally-
active medium (AAK) on fine crystal structure and mechanical
properties of sclids during dispersion. By the method of har-
monic analysis of X-ray diffraction lines profile we investi-
gated changes of crystal lattice microdistortions and domain
of Z{-ray beams coherent scattering of the dispersed minerals
and effect on AAM parameters under investigation. Mechanism of
"scale strengthening'" of solids during their disversion is ex-
plained by strengthening of the surface layer of the dispersed
particles. By lowering free surface energy of solids, AAM de-
creases the work of plastic deformation at their dispersion.

KEYWORDS

Solid, substructure, '"scale strengthening",' physical-mechani-
cal properties, adsorbtionally-active medium, dispersion.

INVESTIGATION OF THE EFFECT OF THE MEDIUM
ON SUBSTRUCTURE AND MECHANICAL PROPERTIES
OF SOLIDS DURING THEIR DISPERSION

Physical-mechanical properties of solids are connected with
the character of crystel structure defects, their distribution
on the surface and in the volume of a solid. Dispersion of so-
licds causes changing of the crystel structure (Kochegarov,
1586) and energetic state of the surface layer of the disper-
sion phase. Jtudy of the substructural parameters - values of
the crystal lattice microdistortions (M) and domain of X-ray
coherent scattering (D) - was carried out by the method of
harmoni$8§nalysis of X-ray diffraction lines profile (Kochega-
rov, 19 .

Dispersion of quartz was conducted in the air, in distilled
water and water solutions of surface-active substances: cetyl-
trimethylemmonium bromide (CTAB) of 0,34-10—4 - 2,50.10'4
mol/1 concentration, hexylsulfuric sodium (HSS) of 1,23-10-4 -
9,80-10"4 1mol/1 concentration and O0P-10 (polyethyleneether of

monc- and cdislkylphenols) of 1,25-10“2 - 2,50-10-3% weight
concentrstion. Paraneters of the initisl quartz substructure
[e]

wade up the values: K = 2,49-‘]0“4 and D = 810 A.

The results of estimation of quartz substructure parameters
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dispersed in various media are given in the table, which shiow,

that quartsz dispersed in the air undergoes more effective com-

plication of the substructure, than that disnersed in water or
in solutions of surface-active substances., Quartz dispersed in

the air revegls more intensive development of microdistortions,
than that dispersed in AAM. Relexation of microdistortions isg

accompanied by D grinding, which proceeds more intensively qu-

ring dispersion of quartz in the air, than in Azl

Table: Effect of the medium on M and D
values of dispersed quartz

Medium -10-4 D, A
Air 14,0 300
Water 3,2 630
CTAB, HSS, OP-10 6,5-11,5 610-400

————-——._.____._—________—_

Increase of N value and of the substructural clements is limi-
ted by the ares of localized highest stresses caracterized by
their rapiq decrease in the area of the Stear  localization.,
Hence, the Oobserved substructural comslication of the disner-
sed quartz takeg nlaces, tnainly, in the surface layer (1) of
the particles (Kocbegarov, 19883, which is deferned nlastical-
ly during bassing through the crack,

Analysis of literature dats on kinetics of M an¢ D develosment
of disnersing apatite, cassiterite, kaolinite, lepidolite ang
chlorite ag well as the data on changing the degree of anatite
crystallinity ang wica structure (see the figure) also shows,
that disnersion of these minerals in the air causes more de-
eper structural changes of particles, than dispersion in water
(Kochegarov, 1986). This may be €xnlained, in our »oint of vi-
ew, by following,

Localization of plastic deformation at dispersion of minerals
in AAM causes lowering of the disnersion work as g8 result of
the €nergy expense on their plastic deformation. Indeed,during
brittle fracture or a so0lid the correlation is satisfied (Gri-

ffith): P = const \VE G /¢ (where P is the solid strength, B
is Young's modulus, ¢ is crack length, G 1is free surface ene-
rgy). During fracture, followed by nlastic deformation, real
work of formation of a new surface (effective surfa%e energy

includeswork of plagtic deformation (w): G*"=6G +w
(Rehbinder and Shchukin), Experimental results obtained in
this work shows, that AAl by lowering free surface energy of
solidsg, simultaneously decreases the work of nlastic deforma-
tion (w). As 5 result of this, the work of new surface forma-
tion G* during dispersion of solids in AAM decreases and  the
d;spe?sion Drocess in AAl proceeds more intensively, than in
the air,

During disversion of solids, as linear 8ize (L) of the dig-

persed particleg decreases, specific cousunntions of tnergy on
their destruction increase, which is related to "scale streng-

1492

thening", i.e. an increase of particles strength as their si-
zes decrease. Scale strengthening is explained by decre§51ng
probability of finding "dangerous" crack in the particle,
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Fig. Kinetics of dispersing cassiterite (a), ksolinite (v),
chlorite (c) and lepidolite (d) in water (1); kinetics
of develoning M of these minerels during disnersion in
water (2) and in the air (7) and D during dispersion
in water (3) and in the air (6); dependence of M (4)
and D (5) values on the change of the degree of these
mineral's disoersity.

which is likely, valid for threadlike monocrystals. However,
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as it is noted in (Chodakov, 1972), when dispersed, each par-
ticle is multiply subjected to stresses, close to maximum ones,
which cause formation and development of new defects. Thus, it
is unlikely that the density of defects changes distinctly,
and the mechanism of scale strengthening remained obscure.

Increase of particle strength is explained by gsurface layer
destruction with thickness "1". During dispersion of solids,
when L>1, the fracture crack develops, mainly, along nonstre-
ngthened domain of particles, Further, when "L becomes compa-
rable with '"1", contribution of the strengthened layer into
mechanical properties of the particle becomes noticeable. In
the limiting case with I = 21 the particle strength increases
to its maximum.
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