Patented Jan. 3, 4‘1950

2,493,516

UNITED STATES PATENT OFFICE

CHEMICAL SURFACE TREATMENT OF
-FERROUS 'BEARING 'METALS

John C. Zimmer, Union,

Clark Township,

to Standard Qil Develo
poration of Déldivire

No Drawing. OF¥i;
1942, Serial No.

-andl ‘Arneld J. Morway,
Union County,
pmrént Company, a cor-

N. 1., assignors

ginal-application December 19,
469,512. Divided and this ap-

plication October 15, 1946, Serial No. 103,277

: 1

‘This irivention relates to improved -étreme
pressure fubbing surfaces. Tt ‘is “concerned ‘With
‘the ‘improverent ‘of ferrous gears ‘or ‘other fér-

Yous bedring ‘elséinents ‘which are ‘sSubjected “to
‘high Pressures, Tor example, ferrous ‘gears of the
“hypoid ‘or ‘stiilar type. The inverition ‘especially
‘Telates ‘to the improvement ‘of rubbing Suifaces
‘sécured by a chémical pretreatiient of the said
Surfdces. o N
‘This “application is a ‘division of -our-¢opending
;abplication Serial Number 469,512, ‘filell Decem-
ber 19, 1942, Hiow ‘abandoried, ‘which is ‘a’ contin-
‘ugtionin-pait of ‘application “Serial ‘Nuthbér
'T77,928, filed December -3, 1937, now ‘Patent ‘No.
2,310,381, granted February 9, 1848, - 0
The present invention is to be distiniguiished
Tron the'fére cleansinig'of metallic'surfaces with
atid ‘picKling faterials‘or the ‘treatmerit of stir-
“fdcés ‘for ‘the ‘prevention of “secondary ‘Fédetiotls
‘such ‘gs ‘oxidation. - The inventica Sectires it~
“proved ‘fubbing ‘ferrous surfaces by’ treatinie the
‘said strfaces with séids of boron ‘and the salfs

‘thereof, ‘thereby increasing and ‘improving their

10ad carrying capacity, as well as ‘feducing eor-
‘28

“TOsion in'the presence of moistire.- o

It is well known in‘the ‘art to-impraove thelload
carrying capacity of rubbing surfaces, particu-
larly ‘hypoid gears,-by ‘the use of so-called “ex-

treme pressure lubricants.” These extreme pres-

sure lubricants sre usually sulfurized or chlori-
“nated ‘mineral or vegetable oils in- ‘cOmbindtion
with lead soaps. These lubricantsare :helpfulin
improving-the load carrying capacity of the rub-
bing. surfaces but still are not entirely satisfac-
tory ‘at-relatively high pressures under “¢ertain
-operating ‘eonditions. Such -Tubricants’ réquire
“Activadion “to -form “an -extrame pressure -filim,
which film is-formed -by -the -development of a
high temperature associated with bearing seizure.
It is“also known to plate steel gears with: copper
Lor‘tin-in-order to-deerease ‘Wéarsand this -aveid
failures by seizure of the bearing surfaces. This
brocess has the inherent disadvantages that the
plating chips and cracks or wears off rather
readily. In addition, particularly in the case with
copper plated gears, the metal seems to act as
an accelerator for oxidation and thickening of
the gear lubricant.

The present invention secures improved load
carrying capacity by preactivation of the gears
or rubbing surfaces and thereafter permits the
use of an ordinary lubricant which would other-
wise be entirely unsatisfactory. The process of
the present invention may also be used in con-
Jjunction with extreme pressure lubricants in or-
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_ting -is ‘grovind “on- the
‘form-grinding Wiieel,

der to further increase load carrying ‘edpacity
and minimize bearing seizire.

. The improved ferrous rubbing surfaces of ma-
‘chine “elemerts, “such "85 ‘gedrs, ‘bearings, “cams,
Journals, “pistotis, ‘cylinders, rings, ‘vaces. “vélve
stéms and ‘the ‘like, ‘are secured VY tredting tie
‘meétal with a solution ‘containing an anion of an
acid of boroh, more particuldrly an-aeid f “boron
or a salt thereof. The: improvement appears to
be secured by the formation of a coating of iron
borate ‘on:the métallic surfaces. . ESpeeiallySuit-
able -are ‘the oxysicids ‘f Worsh and their salts,
‘Preferred:rubbing:surfdces ars secured By 4
‘ing the ferroiismietdls with ‘an ‘agueotis solution

5 -6fthaticiaeid ot of: aborate, such asisodivm tebrs-

borate, or with an aqueoiis ssoltition ieontaining
a mixture of an acid-of -boron and a salt there-
of. Solutions containing mixtures of an acid

-of ' boreh and“an :acid”of ‘pHesphorus -are -also

“Quite  éffeétive, Hor éxaniple, ‘a ‘mi%ture of boric

“acid’and’ phosphieric acid. ' Trestment: of ‘thefér-

‘Tous surfaces with solutions-of ‘the type described

~not-only ‘ifiprove ‘theélgad ~carrying ‘eapacity: 6f

the surfaees 'bit ‘markedly improve ‘thé-ability 61
the surfaces to resist:corrosion in the presence
of moist air. )

- 7The mérked improvement secured oy this proc-
‘ess 'Is“shown by ‘the ‘following ‘data- obtained -in

Specific“éxamples which ‘serve to iHustrate ‘the

“Invention. “Steel rods were treated in the man-
‘ner’ describéd ‘and then were tested on’ the Almen
.Imachine, “which “is desctibed in -detail ‘in ‘the
““National ‘Pétroleum-News.” ‘Novernber 16, 1932,

The operation of this machine can be briefly
summarized’as-follows: : e

. The machine “is portable and-employs ‘a Y-
‘inch drilt-rod journal-and o’ Ys~inch split bush-

“ing made’0f' S, A. E."2315 cold-drawn stesl. The

the bushing -after split-
bearing “suiface withua
A-clearance 6f 05007 inéh
is provided between the journal and the normal
diameter of the bushing. Pressure is applied to
the bushing by means of g hydraulic and me-
chanical loading system. The friction torque de-
veloped is indicated through a second hydraulic
system by a Bourdon gage.

In conducting -a test the oil container is first
filled with oil to be tested (about 25 ml.) sub-
merging the test journal. The machine is then
started and run for 30 seconds at no load to
insure thorough lubrication of the journal and
bushing. The load is then applied at the rate
of 2 1b. every 10 seconds until seizure occurs or
until 30 1b. have been applied. The speed of

_journal is polished and




rotation is 600 R. P. M. For timing the &ppli-

cation of weights, a bell is provided and so ar--
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condensing moisture.  The results of the corro-
sion tests are shown in the following table:

Table 1
. . Strength of Time of -
Treating Agent - Aqueous Treatment, |48 Hour Corrosion Test
Come Solution min.
No treatment.._io--2----- Badly corroded.
Sodium tetraborate. ..----- Slightly corroded.
Do....- Very slightly spotted.
Do..oceommeamean Untouched.
Borie acid... : Slightly corroded.
Dol Do.
Do.
Do.
1.5% of each__. 15 Do.
__| Saturated.. .- 15 Do.

ranged as to ring at 10 second intervals. Each
2-1b. weight produces a pressure of approximately
1,000 1b. per sq. in. of projected area on the test
. bearing. ; : )
EXAMPLE 1

A steel rod tested on the Almen machine using
“an . uncompounded mineral lubricating oil -of 8.

20

25

A, E. 20 grade carried 3 weights before seizure

occwrred. 'This mineral lubricating oil was used
as the lubricant,in Exa.mples 2 and 3. o

EXAMPLE 2

30

_..An aqueous_solution containing approximately -

59, boric acid was heated to boiling and the steel
rod of the Almen machine immersed in said boil-
ing : solution for about 30 minutes. The rod,
upon being dried and tested on the Almen ma-
- chine, carried 11 weights.: Ll b
o EXAMPLE 3 -
.. An agueous solution containing 29, boric ‘acid
and 0.5% phosphoric-acid was heated to boiling
and. the steel rod of the - Almen .machine - im-
mersed in the boiling solution for about 30 min-
-utes.  This rod, upon being dried and tested in
the Almen machine, carried 14 weights.

EXAMPLE 4

. . A series :
rous Almen machine journals and bushings after
these had been treated with boiling aqueous so-
lutions of various compounds of mix

“tures of the same for various periods of time.
The corrosion tests were conducted by hanging
the treated journals and bushings in an insulated

_humidifier box of approximately 2’ X 2'"'x 4’ di-
mensions, passing in air saturated with moisture
at about 140° F. at the rate of about 15 cu. ft. of
air per hour, the temperature in the interior of
the box being about 100° F.  The test was con-
ducted in each case for 48 hours. The air with-

in the box under these conditions was therefore

‘not only saturated with moisture but contained

of corrosion tests. were made. on.-fer-

boron and mix- -

35

40

NN
(51

.55

80

of operation nor by

The operating conditions may be varied over
wide limits. The treating operation may be car=
ried out under pressure or vacuum although it
is preferred to treat at atmospheric pressure.
The  temperature of the treating bath may -be

_as high as 300° F. although the preferred range

is from. about 80° F. to the boiling point of the
bath. It is preferred to maintain a temperature
o few degrees below the boiling point of the re-
spective baths. The - time of treatment is less
than about one hour, preferably from 15 min-
utes to 30 minutes. The concentration of in-
organic material is maintained below about 20%.
Concentrations from %% to 10% are preferred.
The invention is not tobe limited by any theory
the examples of its embodi-
ment which are described herein, but only by the
following claim. - . . L
“We claim: '

" In the method of improving load-carfyi@g ca-

pacity of the finished surface of a ferrous - al-
loy machine element which is to be subjected
to extreme pressure rubbing contact, the- im-

provement consisting in chemiecally treating said

“surface with a boiling agqueous solution com-

posed essentially of boric acid of approximately
5% concentration for a time period of from
about 15 to 30 minutes, then removing the treated
surface and drying the same. - ’

L JOHN C. ZIMMER, ;
ARNOLD J. MORWAY. -
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