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SUMMARY

A kinetic study of the dehydration of propan-2-ol on
kyanite suggests that catalysis is effected by the free
3dyz, 3dxz, and 3dgy orbitals of aluminium.

1. G.M.Panchenkov and I, M, Kolesnikov, “Kataliz v Vysshel
Shkole” (Catalysis in Higher Education), No,1, 1962, p.277,

2. 1.M.Kolesnikov and G, M, Panchenkov, Zhur, Fiz,Khim,, 38,
96 (1964) [Russ,J. Phys,Chem., 50 (1964)].

3, G.M.Panchenkov, Uch.Zap.Moskov, Gos.Univ,, No,174, 53
1955).

4, f\.A.Zroletopyatova, V.A,Naumov, and A, A, Balandin, Zhur,
Fiz,Khim,, 38, 1622 (1964) [Russ.J.Phys.Chem,, 879 (1964)].

5. A,G.Betekhtin,; “Mineralogiya” (Mineralogy), Gostekhizdat,
Moscow, 1950, p.697.

6. A.F.Wells, “Structual Inorganic Chemistry” (Translated into
Russian), Inostr,Lit., 1948, p.104,

Gubkin Moscow Institute of
the Petroleum Chemicaland
Gas Industry

All-Union Correspondence
Institute of Machinary Con-
struction

Received 27th August 1964

U.D. C. 541.13

REFLECTANCE AND STRUCTURE OF THIN
LAYERS OF ELECTRODEPOSITED NICKEL

A.T.Vagramyan and N.K.Barahoshkina

Study of the physicochemical properties of thin layers
of an electrodeposit on different substrates has become
very important for several new fields of technology. The
present paper reports an investigation on the effect of the
nature of the metal substrate and the chemical condition
and relief of the surface on the reflecting power of nickel
deposited in thin layers.

EXPERIMENTAL

The reflectance of the electrodeposit was determined
during electrolysis in an apparatus developed in the
Institute of Physical Chemistry of the USSR Academy of
Sciences!. The instrument enables simultaneous record-
ings to be made of the variation in reflectance from the
magnitude of the photocurrent and in the electrode poten~
tial, The electrolyte used contained per litre 300 g NiSO,.
.TH,O + 60 g NiCl,.6H,0 + 38 g H;BO,, and had pH 4; the
cathodic current density D¢ was 40 mA cm*-2? and the tem-~
perature 40°.  The effect of the nature of the metal sub-
strate on the reflectance of the deposits was studied on
polished copper, nickel, and steel specimens.

The experimental results are plotted in Fig. 1 as the
photocurrent (in pA) against the thickness of the deposit
(pm). The initial horizontal plateaux correspond to the
reflectance of the initial surface of the specimens, before
the current has been switched on. 1t is seen from Fig. 1
that, when this occurs, there is a brief and slight drop in
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Fig.1. Effeot of nature of metal substrate on reflectance of
nickel deposit during electrolysis: abcde) on polished copper;
a’'b’c'd’e’) on nickel; a”b”c”d”e”) on steel; ab) reflectance
of specimen before current switched on; bcde) during electro-
lysis.

reflectance, which then rises again, this change occupying
about 3 s. This is followed with further deposition of
nickel by a smooth fall in reflecting power. It is seen
that, with the same mechanical treatment of the electrode
surface, the nature of the metal (nickel, iron, or copper)
has no significant effect on the reflectance of the electro-
deposit. The slight differences observed at the instant the
current is switched on may, perhaps, be associated with
the chemical state of the electrode surface.

Fig. 2 illustrates the effect of the surface state of the
electrode on the reflectance of the nickel deposit during
electrolysis. Nickel deposition was carried out both on
the active surface of a nickel specimen (curve abcde) and on
the surface of a nickel electrode of different degrees of
passivation (curves a’b’c’d’e’'~a™b"c"d™e™). 1t is seen
from the curves that the reflecting power of the deposits
deteriorates sharply with increasing degree of passivation
of the nickel electrode surface. When nickel is deposited
on passive specimens, the deposit cracks and partial
exfoliation from the substrate is observed. At the instant
of exfoliation the reflectance changes sharply, as can be
seen from the curves, Similar results are obtained for
the deposition of nickel on passivated iron and copper
specimens, Comparison of the curves in Figs. 1 and 2
shows that with these metals the chemical state of the
metal surface has a greater influence than has the nature
of the metal substrate on the change in reflectance of the
deposit. The deterioration in the reflecting power of
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Fig.2. Effect of state of electrode surface on reflectance
of nickel deposit during electrolysis: abcde) on active elec-
trode surface; and on surface passivated in CrOy solution
(250 g litre~!) for (min): a’b’c’d’e’) 20; a"b"c"d"e") 50;
a”b™c"d”e") 60; ab) reflectance of specimen before cur-
rent switched on; bcde) during electrolysis.
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specimens at the start of electrolysis is most probably due
to the non-uniform distribution of current over the elec-
trode surface and the deposition of metal predominantly on
active portions of the electrode? These experiments
show that the high reflectance of thin layers of the deposits
is maintained only with a thoroughly cleaned active elec-

trode surface.

The reflectance of thin layers of deposit is substantially
dependent on the relief of the substrate surface. The
curves in Fig. 3 show the variation in reflectance and pola-
risation during electrolysis for initial electrode surfaces
differing in relief. Curve I relates to the deposition of
nickel from an electrolyte containing no additives on a well
polished electrode surface, and curve II to its deposition
from a solution containing thiourea (0.3 g litre=!) on a rough
electrode surface., The rough substrate was a nickel
deposit obtained from an electrolyte containing no surface-
-active addition, its structure being shown in Fig.4al. It
is seen from curve I in Fig. 3 that the deposition of nickel
is accompanied by a gradual increase in roughness of the
electrode surface, as a result of which the reflectance
falls. This decrease ceases when the deposit is 7-8 um
thick, owing to the formation of crystals of definite size
corresponding to the conditions of electrolysis.

When nickel is deposited on a rough electrode surface in
the presence of levelling additives (curve II), the reflecting
power practically reaches its maximum value at a deposit
thickness of 1.5 pm, and does not change further during
electrolysis.

It is seen from the accompanying curves that the level-
ling of a rough surface requires the deposition of a far
smaller quantity of metal than is needed for the formation
of a rough deposit of the same structure on a smooth sur-
face, The reason for this difference is that, in order to
obtain a bright surface in the presence of levelling additives
in the former case, it is mainly sufficient to fill with metal
only the deep portions of the electrode, whereas in the
latter case several layers of crystals must be obtained,
combining to a deposit thickness of around 7-8 pm.

The variation with thickness in the structure of nickel
electrodeposits obtained from an electrolyte in the absence
and in the presence of added thiourea (0.3 g litre~?) is
illustrated in Figs. 4@ and 4b respectively. Comparison of

Fig.3. Variation in reflectance (I, II) and in
polarisation (I’, II') of electrode during elec-
trolysis for two surfaces differing in relief,
nickel being deposited from: 1) electrolyte
containing no additive, on a polished surface;
1II) from a solution containing thiourea

(0.3 g litre™Y), on a rough surface.
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Fig.4a. Variation in structure (magnification 11 200 x), of nickel
electrodeposited from electrolyte containing no additive, with
thickness (um) of deposit: 1) initial specimen; 2) 0.2; 3) 0.3;

4) 1; 5)5; 6) 10,
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Fig.4b. Variation in structure (magnification 5600 x), of nicke
electrodepobited from electrolyte containing thiourea (0.3 g litre
with thickness (um) of deposit: 1) initial specimen; 2) 0.06;
3) 0,13; 4 0.2; 5%) 0.3; 6) 1. :

1
-1,

the reflectance (Fig. 3, curvel) with the structure of an
electrodeposit (Fig. 4a) shows that the decrease in photo-
current is agsociated with a coarsening of the nickel crystals
during electrolysis and an increase in roughness of the
electrode surface. When the reflectance increases (Fig. 3,
curve II), the electrode surface is levelled out as the
nickel is deposited, as a result of the deposition of metal
predominantly in the depressed portions of the electrode
(Fig. 4b). Peaks — projecting faces of the original sur-
face — remain only to thicknesses of around 0.30 um, and
these faces become unnoticeable at deposit thicknesses
exceeding 1 pm, after which no further change in the
structure of the deposit takes place.

The degree of roughness and the true surface of the
electrode can be roughly estimated from the data given
here. For this purpose a curve is recorded rapidly, and
with different sensitivities to the photocurrent, for the
variation with thickness in the reflectance of a nickel
deposit obtained from an electrolyte containing thiourea
(0.3 g litre~?!) (Fig. 5).

The curve in Fig. 5 is seen to comprise two sections
differing in slope, Comparison of the photocurrent~time
curve with the structure of the electrodeposit shows that
the first section corresponds to deposition of metal mainly
at depressed sites, and the second section to completion of
smoothing and the deposition of metal on the whole elec-
trode surface. The end of the first section corresponds
to a mean thickness of the deposit of 0.275 um (Fig. 4b,

3 and 4). During this time the volume of nickel deposited
to level off unit surface of the electrode is 2.75 X 10-% cm?,
This value has been obtained from the formula V, = itk,
where k = M/2dE, in which M is the molecular mass, d the
density of the metal, and F Faraday's constant.

If the crystals are assumed to be in the form of regular
pyramids, the depth i can be approximately estimated as

3V, 8 2.75x10" cm’

- =4 %107 om = 0.4’
_—
285, 1 em m = o8 b

where V, is the volume of metal required to fill only the
depressed portions, and Sg = 1 cm? is the geometrical
surface of the electrode. In the present case the rough-
ness is 0.4 pm, which is the height of a pyramid the side
of whose base is ! = 0.8 pm, the value of ! being deter-
mined statistically from electronmicrograms on the

hypothesis that the bases of the pyramids are of constant
area.
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Fig.5. Variation in reflectance and
polarisation of nickel deposit obtained
from electrolyte containing thiourea
03 g litre~1): ab) before current
switched on; bcde) during electrolysis.
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These results make it possible to assess how many
times the true surface of the original specimen exceeds the
geometrical surface. The ratio of true to geometrical
surfaces will be numerically equal to the ratio of the
apothems of the pyramid A and of the base a, whereA =
= (a® + k31, & being the height of the pyramid. In the
casle:'l of a four-sided pyramid with I = 0.8 pmandk = 0,4um,
we have

. -l/ Ky
Su_ - Ya2+h’_ (E) +# Y04 + 0.4 L4t
a ] =T T &
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2
Thg calcglations show that the true surface of a nickel
deposit obtax_ned from the standard electrolyte with D¢ =
= 40 mA cm™? at 40° exceeds the geometrical surface by a
factor of 1.41%.

The method of measuring the time variation of the
reflectance of the deposit makes it possible also to esti-
mate the smoothing power (S.P.) of surface-active addi-
tions. Quantitative assessment of the percentage levelling
power is usefully based on the relationship S.P. = 100V,/V,,
where V, is the volume of metal necessary to fill only the
depreﬁssed portions (in the present case V, = 2,75 X 10-5X
X ¢m?®) and V, is the quantity of metal actually electro-
deposited before maximum reflectance, defined on the
basis of photocurrent~time curves (Fig. 38, curve II), is
reached, It is seen from the curve that maximum reflect-
ance of the specimen ig achieved at a thickness of 1.5 um,
80 thg.t the volume of metal deposited is V, = 1,50 X 10=* X
X cm’.  From the above relationship we obtain S.P. = 18%.
The use of photocurrent-time curves to estimate the
levelling power of an electrolyte has the advantage that
separate experiments are not required, measurements
being made at the same time as metal is deposited under
the actual conditions of electrolysis.

A conclusion of practica) vai awn from the
aboveresults: brightnicke] dept;lseitcsa}?a‘l;fng;ood mechanical
properties are obtained by depositing on ordinary electro-
deposited nickel, which is quite elastic, a thin layer
(1.5-2 pm) of bright nickel. The first layer ensures good
mechanical and corrosjon properties, and the second
zgﬁzs the coating bright without further mechanical treat-

The electronmicro '
graphs were obtained in the
laboratory of V. M, Luk'ya ; :
which the authors are . x}','a tr;?ﬂch by Z. E. Shishenina, for

SUMMARY

1 ;I’he nature of the metal forming the substrate (copper,
ro?:k°;' nickel) has less influence on the reflectance of
a nickel electrodeposit then has the chemical condition
of the surface,

2. The reflectance of nickel de
posits is determined mainl
by the relief of the electrode surface. ’

3. Cur'ges of reflectance plotted against thickness of
cog} ;lg can be used to estimate the levelling power of
z;iec:r‘;i and the roughness and true surface of the

J—

t If the calculation 18 made for the two extreme cases — 2
cone and a three-sided pyramid — the difference in the ratio of
the areas Will be 10%; . in the case of a hemisphere the discre-
pancy 18 40% (S /5 = 2),
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CALCULATION OF CONSTANT-PRESSURE
LIQUID-VAPOUR EQUILIBRIUM IN A
TERNARY SYSTEM HAVING TWO COMPO-
NENTS WHICH FORM NEARLY IDEAL
BINARY SOLUTIONS

M.P.Susarev and A.N.Gorbunov

A method has been proposed previously ! for calculating
the isothermal equilibrium in a ternary system from data
comprises components of

for binary systems one of which
similar c%xemica.l character?. For practical distillation
and fractionation processes, however, constant-pressure

 than constant-temperature data are of greater
;.r?gl:rtance. The present paper attempts to extend the
principles of the proposed method to constant-pressure
conditions. It also suggests a modified calculation of
isothermal equilibrium, based on the use as ini.tial data of
the excess chemical potentials or activity coefficients of
the components of binary solutions.

The assumptions underlying the proposed method for
calculating constant-pressure equilibrium and the method
which has been used to calculate constant-temperature
equilibrium are analogous: (1) the isolines Ty = Ty,
(where T is the absolute boiling point of the solution, and
¥, the mole fraction in the vapour of the “aspective” com-
ponent A, which differs in chemical nature from the
mutually related components A, and A,) are straight lines




