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1
This invention relates to front surface reflec-
tors and has particular relation to the formation
of front surface reflectors for use in precision op-
tical instruments such as are employed in fire
control equipment and the like and for use in
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" nation by tungsten from the filament used to heat

other equipment where front-surface reflectors

are desired.

While the advantages of front-surface mirrors
over back-surface mirrors are obvious, the strin-
gent requirements of reflectivity and durability
demanded of the reflecting material of the former
type have greatly restricted the usefulness of
front-surface reflectors in service instruments.
The reflectivities of silver and aluminum are suf-
ficiently high, but both metals deteriorate rapidly
upon exposure to air and salt spray, and in addi-
tion, both metals are relatively soft and easily
seratched when cleaned with lens tissue or cloth.
Metals or alloys such a&s chromium, platinum,
stainless steel and ‘Stellite have the requisite
abrasion and corrosion resistance but have low
refiectivities. The only material, at the present
time, which affords a reasonable compromise be-
tween reflectivity and durability is rhodium. This
metal has corrosion and abrasion resistant prop-
erties at least equal to those of Stellite, chromium
and platinum, and a reflectivity of 70 to 75 per
cent, which is 10 to 15 per cent higher than that
of the aforementioned metals.

The two principal procedures by which rhodium
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is deposited directly upon @ glass base to form |

front-surface mirrors are sputtering and vacuum
distillation. The time required to form a full-
reflecting surface by cathode sputfering is ap-
proximately an hour. This process requires,
moreover, & sheet of rhodium metal having an
ares, at least as large, and approximately the
same shape, as the finished reflector. The latter
requirement, in conjunction with the long sput-
tering period, serves to render the process im-
practical for production purposes. The deposi-
tion of rhodium by evaporation in vacuo lends
itself to production because & number of mirrors
mey be coated simultaneously and the size is re-
stricted only by the dimenslons of the evacuation
chamber. However, the melting point of rhodium
is 1966° C., a temperature difficult to realize in
conventional high-vacuum fiiming equipment. In
addition, considerable metal is lost by condensa-
tion on surfaces other than the mirrors, an item
which must be considered in view of the cost and
the limited supply of pure rhodium. The re-
flectivity of evaporated rhodium, moreover, is
usually around 66 per cent, as opposed to the 72—
75 per cent refiectivity of sputtered rhodium.

This relatively low reflectivity of evaporated rho-

dium mirrors is generally atiributed to contami-
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the rhodium,

Rhodium can be electroplated very easily from
solution, it has great covering power, and the re-
flecting power of electrodeposited rhodium sur-
faces is about 72 per cent. However, it is impos-
sible to electroplate rhodium directly onto a di-
electric base material such as glass. Methods for
obtaining a tenacious film of nickel on.glass are
known. One such method involves the disassocia-
tion of nickel carbonyl upon contact with a hot
glass surface, with the nickel depositing on the
glass and the remainder of the compound being
removed as & gas. Such nickel films adhere suf-
ficiently to the glass to-allow. a reflecting layer of
rhodium to bé electrodeposited thereon. How-
ever, front-surface reflectors made in the fore-
going manner have the disadvantage that the
front-surface fllms formed thereby are relatively
soft, easily scratched, streaked and they exhibit
accompanying low reflectivity.

An object of the present invention is to pro-
vide a front-surface reflector characterized by its
relatively high reflectivity and extreme durability.

Another object of the invention is to provide
a front-surface reflector having a high refiectiv-
ity, great surface hardness, resistance to abrasion
and heat, resistance to the corrosive action of sea
water, salt spray, salt fog ahd resistance to the
action of corrosive chemicals and vapor.

A further object of the invention is to provide
a front-surface reflector, the front surface of
which will retain the same contour as the finished
surface of the base body to which the coating
layers gre applied.

A still further object of the invention is to pro-

vide a front-surface reflector, the front-surface
layer of which need not be polished or buffed in
order to provide a suitably finished mirror.
Still- another object of the invention is to pro-
vide a method whereby front-surface reflectors
having the above-mentioned characteristics may
be produced.

These and other objects of the invention will
be better understood by reference to the accom-

‘panying description and drawing, in which Fig-

ure 1 shows a reflector body 10, intermediate layer
of thermally evaporated nickel {1 and finish
electro-deposited coating of rhodium (2. Figure
2 shows reflector body (3, thermally evaporated
chromium layer 14, thermally evaporated nickel
layer 15 and finish electro deposited coating of
rhodium (6.

I have discovered a method for the production
of high quality front-surface reflectors of rho-
dium electro-deposited upon base fllms of metals
deposited by volatilization in vacuo upon & con-
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-ductive or dieléctric base body surface. The sur-
face of the base body may be flat, or curved in &
regular or irregular figure, and may have any de-
sired finish, such as polished, pebbled, glazed, or
ground, and the base body may be a dielectric ma-
terial such as glass or ordinary plastic or it may
be a conductive material such as Stellite or other
metal, conductive rubber or conductive plastic.
In one embodiment of the invention, a pri-
mary layer of nickel is deposited upon a finished
surface of a base body by volatilization in vacuo
and s front-surface layer of rhodium is electro-
deposited thereon. In a preferred embodiment
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of the invention, a primary layer of chrcmium -

or magnesium fluoride is.deposited by volatiliza-
tion in vacuo onto the finished surface of the base

16.

body and an intermediate layer of nickel is evap-

orated onto the primary layer. The front-surface

layer of rhodium is then electrodeposited onto

the intermediate layer. Other metals such as
copper, silver, gold, platinum and the like may
be deposited by volatilization in vacuo in place
of the nickel, and magnesium fluoride, cryolite,
nickel, silver, gold platinum and the like may
be deposited in place of the chromium. The oper~
ating conditions for the deposition by volatiliza-
tion in vacuo and electrodeposition are well known
and they may be varied in accordance with the
characteristics desired of the front-surface re-
flector.

Examples illustrative of the manner in which
the present invention may be practised and of
the resultant imnroved front-surface reflectors
formed thereby are as follows:

Example I

The surface of the article to be coated, in this
example a smooth glass plate, is given a finished
surface by being smooth polished, cleansed in
order to remove grease or other foreign matter
and then dried. The clean glass plate is placed
in a vacuum chamber and a primary layer of
chromium is evaporated by vaporization in vacuo
onfo the finished surface thereof. An intermedi-
ate layer of nickel is then evaporated onto the
primary chromium layer. The nickel-on-cho-
mium plate is then transferred to an electroplat-
ing bath and electroplated with rhodium as here-
inafter described. If it is not possible to affect
this transfer without impairing the cleanliness
of the evaporated nickel layer, it may be cleansed
in any suitable manner to prevent the succeed-
ing front-surface rhodium layer from presenting
8 streaky appearance. In a preferred operation,
cleansing is accomplished by immersing the
nickel-on-chromium refiector in a 95% alcohol
solution from three to five minutes. While still

wet, the reflector is immersed in a hot (140°-150°

F.) alkaline cleaning sclution from three to five
minutes. A suitable cleaning agent is one which
will not attack nickel or chromium and will re-
move fingerprints, other forms of grease and
other foreign matter. A suitable cleaner is 4
ounces per gallon of water of alkaline metal
<leaner (“Wyandotte No, 140”, manufactured by
Wyandotte Chemicals Corporation), or “Anodex,”
prepared by MacDermid, Inec., plus 2 ounces per
gallon of water of a wetting agent (“Nacconol
NR,” manufactured by National Aniline and
Chemical Co., Inc.). After removing the reflector
from the alkaline cleaning solution, it is rinsed
in clean running tap water. At this point the
reflector is observed by lifting it momentarily
from the rinse. If a “water break,” that is, a
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fallure of certain areas to wet, appears when the
water drains from the reflector surface, the clean- .
ing operation is repeated. The reflector is next
rinsed in distilled water to prevent tap water
impurities from being carried over into the rho-
dium plating bath and is immediately placed in
thé plating solution while still wet. It is impor-

tant that the surface of the reflector be not al- >

lowed to dry from the beginning of the clean-
ing operation to immersion in the rhodium plat-
ing bath, inasmuch gs drying of the surface tends
to result in a streaky rhodium deposit.

«¥Following immersion of the reflector in the rho-
dium plating bath, the plating solution is stirred
sufficiently to mix the water film on the refléctor
with the plating solution. The reflector is con-
nected as the cathode and plated immediately
for about two minutes at a cathode current density.
of 0.063 amp./in3 at a solution temperature of
about 85° ¥. The rhodium plating solution em-
ployed is of the phosphate type containing 2
grams per liter of rhodium metal (added as rho-
dium phosphate syrup) and 40 ml. per liter of
85% orthophosphoric- acid. - A sulphate bath is
also usable in this connection. Since the rhodium-
is plated from solution, platinum anodes, prefer-
ably in sheet form, are used. The anode area
should be from two to six times as great as the’
cathode area; that is, the area of the reflector
surface. If too small an area is employed, it is
difficult to maintain a constant current because
of excessive gas evolutiorf, and higher voltages
are necessary.

It is obvious that variations in the operating
conditions may be employed. In a preferred

. form of the invention, the rhodium bath is oper-
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ated at about 85° and the current density is
kept low to reduce gassing at the cathode to a
minimum. The voltage requirements are small,
being about 2.5 volts for an anode to cathode dis-
tance of 2.5 inches. However, suitable deposits
have been obtained using cathode current den-
sities varying from .0063-.375 amp./in.2 at voltages
from 1.9-8.0 with the solution at temperatures
varying from 80°-100° F,

Ezxample 2 -

In this embodiment of the invention, a pri-
mary layer of nickel is evaporated directly onto
the finished surface of a glass plate in the same
manner as the primary layer of chromium is ap-
plied in the above example. The front-surface
layer of rhodium is then electrodeposited onto
the evaporated nickel layer in the manner de-
scribed in the foregoing example. '

Example 3

A primary layer of magnesium fluoride is
deposited. by volatilization in vacuo onto the fin-

" ished surface of g glass plate in the same manner

as the primary layer of evaporated chromium
is deposited as described in Example. 1. The in-
termediate evaporated nickel film and the front-
surface. layer of electrodeposited rhodium are
then deposited in the manner described in Ex-
ample 1.

The glass base bodies utilized in the foregoing

) examples varied in size from two to six inches
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square and it was observed that the characteris~
tics of the various sized front-surface reflectors .
were not affected by the area of the finished
surface to be coated. The thickness of the rho-
dium deposit was found to be limited by the ad- -
herence of the evaporated films to the glass base.
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As the plating proceeded on nickel films deposited
directly onto the glass (see Example 2), the In-
creasing thickness of rhodium exerted an in-
creasing tension on the nickel layer until a point
was reached where the nickel was stripped from
the glass. On the other hand, the adherence of
the nickel-chromium films to the glass (see Ex-
ample 1) was adequate so that no difficulty was
experienced from the stripping of these films dur-
ing the plating process.

The amount of rhodium deposited under the
conditions outlined in foregoing procedures
(0.063 amp./in.2 for two minutes) was estimated
to be about 0.06035 gm./in.2, equivalent to & fllm
thickness of about 0.0000015 inch. The limiting
thickness of rhodium which could be applied to
the available nickel-on-chromium films on glass
was between 3 and 6 millionths of an inch. The
0.0000015 thickness of coating applied on the test
samples is well within the above limits, and on
the basis of laboratory tests, is satisfactory for
the purpose intended.

In order to determine the corrosion resistance
of the finished mirrors, three samples (2 inch
squares) of rhodium-on-nckel-on-chromium
films were subjected for a period of 1000 hours
to the corrosive action of synthetic sea-water fog.
At the end of the exposure, two of the samples
exhibited no evidence whatever of deterioration
or corrosion, while there were two very small
brown spots on the third specimen. These spots
first became noticeable after 900 hours’ exposure
and did not expand during the next 100 hours.
The only apparent effect of the salt water was
to clean the surfaces thoroughly and to increase
slightly the reflection values. The hardness of
the rhodium surfaces was such that vigorous
rubbing with a typewriter eraser (“Comfort” No.
494—Fagle Pencil Co.) for a period of 35 seconds
failed to mar them. A piece of optical Stellite

was badly scratched by only five seconds’ rubbing.

This and other comparative tests have shown
that the rhodium surfaces will resist abrasion to
a degree slightly superior to that exhibited by
chromium.

The spectral reflectivity of the front-surface
rhodium reflectors of the present invention was
measured In a spectrophotometer at wave lengths
from 400 to 760 millimicrons with a 45° angle of
incidence of light on the reflector surface. The
calculated luminous reflection percentage ob-
tained from the spectro-reflectance data proved
to be considerably higher than that of known
front-surface reflectors which were measured for
comparison as shown by the following table.

Table
Percent
Front Surface Reflector Luminous
Reflection
Electrodeposited Rhodium (on Evaporated Nickel-on-

Evaporated Chromium) ... ... 72.
Electrodeposited Rhodium (on Evaporated Nickel)_ . 72.
Electrodeposited Rhodium (on Evaporated Nickel-on-

Evaporated Maenesium Flouride)...............__. 72.
Evaporated Rhodinm_ ___________ ... 60.
Evanarated Chromium 57.
Stainless Steel.._...._. 57,
Stellite .. _._......... 56.
Evaporated Nickel .__. 54.

From inspection of the above results, it is evi-
dent that the reflectivity of the electrodeposited
rhodium front-surface reflectors of the present
invention is, on the average, at least 12 percent-
age points higher than that of other front-sur-
face type reflectors heretofore available,
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The invention herein described may be manu-
factured and used by or for the Government of
the United States of America for governmental
purposes without the payment of any royalties
thereon or therefor.

I claim:

1. A front-surface reflector comprising a di-
electric base body portion having a finished sur-
face, an intermediate layered deposit comprising
a primary layer of thermal evaporated chromium
deposited onto sald finished surface, s layer of
thermal evaporated nickel deposited on said
chromium layer, and a front surface layer of elec-
trodeposited rhodium deposited onto said nickel
layer, said electrodeposited front-surface layer
having a contour substantially identical to that
of said finished surface.

2. A method of forming o front-surface re-
flector comprising successively depositing on a
finished surface of a body by thermal evapora-
tion in vacuo an intermediate layered deposit in-

.cluding at least a primary layer of chromium

and an outer layer of a metal of the group con-
sisting of copper, nickel, silver, gold and plati-
num, and electrodepositing a layer of rhodium
on said outer layer.

3. A method of forming a front-surface re-
flector comprising depositing a chromium layer
on a polished surface of a glass body by thermal
evaporation in vacuo, depositing a nickel layer
onto said chromium layer by thermal evaporation
in vacuo, and electroplating a rhodium layer onto
said nickel layer; whereby a hard, brilliant, un-
broken, corrosion, and abrasion resistant, re-
flective coating is strongly bonded to the glass
body.

.4.- A method of forming a front-surface re-
flector comprising depositing a chromium layer
on a polished surface of a dielectric body by ther-
mal evaporation in vacuo, depositing & nickel
layer onto said chromium layer by thermal evap-
oration in vacuo, and electroplating a rhodium
layer onto said nickel layer, whereby a hard,

" brilliant, unbroken, corrosion, and abrasion re-
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sistant, reflective coating is strongly bonded to
the dielectric body.

5. A method of forming a front surface re-
flector comprising successively depositing on a
finished surface of a body by thermal evapora-
tion in vacuo an intermediate layered deposit in-
cluding at least a primary layer of chromium and
an outer layer of copper, and electrodepositing
a layer of rhodium on said outer layer.

6. A method of forming a front surface re-
flector comprising successively depositing on &
finished surface of a body by thermal evapora-
tion in vacuo an intermeidate layered deposit

_Including at least a, primary layer of chromium
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and an outer layer of silver, and electrodeposit-
ing a layer of rhodium on said outer layer.

7. A front-surface reflector comprising a di-
electric body having a finished surface, an inter-
mediate layered deposit including first and sec-
ond layers of different thermally evaporated ma-
terials, said first layer deposited on said body
and formed of chromium, said second layer de-
posited on said first layer and formed of a metal
from the group consisting of copper, nickel, sil-

- ver, gold and platinum, and a front surface layer

of electrodeposited rhodium on said second layer
having substantial identity of contour with said
finished surface.

: DONALD M. PACKER.
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