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IPlating bath and plating conditions 
Copper Cyamide -------------------- OZ/gal-- 6 
Potassium cyamide ------------------?Z/gal-- 9.7 
Potassium hydroxide ----------------Oz/gal-- 1.0 
Sodium potaSSium tartrate ------percent by Vol__ 6 
Bright Copper makeup ---------------- do---- 2 
Temperature -------------------------- ? F__. 130 
Curent density ----------------------amps_- 20-25 
Cathode TOd agitation --------------- ft/min-- 20) 

After the copper Was deposited, the developed dots 
Were removed in a known Way to provide a copper 
coated Sheet of the carburizing ductile Carbon steel with 
a pattern of holes corresponding to dots i0 on one sur 
face thereof. Upon immersing the copper clad Sheet in a 
typical cyaniding bath, Set out beloW, for 25 minutes 
at 1450° IF, carburizing to a depth of about 0.002" 
took Iplace, and a case-hardened Surface Was obitained 
after quenching in oill in a Known Imanner. 

Cyaniding bath 
IPercent 

Sodium chloride ------------------------------ 25 
Socium Cyamide ------------------------------ 50 
Barium Carbonate ---------------------------- 25 
After the case hardening Was obitained, the copper Was 

Stripped from the Sheet in a Known Way in a chromic acid 
Strip bath. Upon Iremoval of the copper, it Was apparent 
the Carbon had penetrated laterally as Well as down 
Wardly So that the carburized dots 10 had the dimensions 
ShoWin in FIGUIRIE 2. 

Desired Wariations in the eXtent and depth of the car 
burized regions can be obitained by Varying the period 
of treatiment or the temperature of the bath or both. 

IBy using a Inegative pattern having uniformily distributed 
holes With a diameter of 0.010" and centers 0.015" apart, 
a pattern of carburized dots 10 occupying about 60% of 
the total Working Surface is obitained. The dots are Sur 
Irounded by a continuous pattern of unmodified Sheet ma 
terial 121 as diagrammatically represented in FIGURE 
2. As ShoWin in FIGURE 3, When itis desired to carburize 
even 1arger proportions of the Surface of the fabricated 
Imaterial, a megative pattern Imay be USed provided With 
Square or other Irectilinear holes correSponding to the 
carburized case-hardened Waffie design 14. These larger 
caSe-hardened designS, having linhardened channels 
therein, aford an eXcellent means for Supplying Surface 
lubricants. 

It is obvious the techniques Set out above Imay be 
USed to deWelop a pattern of case-hardened IregionS OVer 
aS Imany, or as Innuch, of the Surfaces of the fabricated 
Imaterial as maybe desired. 

It is apparent also, the Same techniques Set out above 
Imay be used for case hardening by Initriding Known 
Imitriding grades of Carbon-containing alloy Steels aS, for 
eXample, ASTM A-355, ClaSS A. AS i8 knoWm, Such SteelS 
preferably contain a Small percentage of aliumintim Or 
chromium to facilitate mitriding. In Such a process the 
Imaterial, or parts, may be heated in an atimosphere of 
ammonia gas and dissociated ammonia mixed in Suitable 
proportions, or in contact With a mitrogenous medium. 
The proceSS is carried out beloW the transformation Irange 
for the steel ISed, and no quenching operations are 
mecessary. A Suitable mitriding cycle is carried out at a 
temperature of 950-1050° F. The fow of ammonia is ad 
justed So as to Imaintain a concentration of 70 percent 
ammonia and 30 percent Initrogen and hydrogen in the 
eXhaustgaS. 
As used herein “microminiature” has the Conventional 

definition of very Small. Where microminiature regions 
of caSe hardeming are mot advantageouS, or IneceSSary, as 
often is the case, other means of carburizing Imay be 
ISed as, for eXample, covering deSired regions With car 
bonaceouS Cements and then heating to Carburizing tem 
peratures and thereafter qtlenching. Also, Where larger 
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case-hardened areas are desired, the copper Imay beelec 
trodepoSited by ISing other types of maskant during 
the electrodeposition of the copper on the fabricated ma 
terial, Such aspaints or WaKeS, to mask the electrodeposi 
tion of the copper. 
Where it is desirable to have uniform wear properties 

and/or uniform ductility, it is inecessary to have a uni 
form pattern of case-hardened and unhardened regions 
OVer the Surface of the fabricated material. It is apparent, 
however, that the principles of this invention may be 
USed to provide irregular patterns of hardened and un 
hardened Iregions over the Surface of the Imaterial. 
The advantages of this invention are obitained by hav 

ing patterns of ductile Steel over the Surface of a case 
hardened object, Whereby the object may be bentat al 
points for the construction of a case-hardened part. When 
Ipatterns of case-hardened and unhardened areas are 
Uniform, CaSehardening Imay be carried out in mass pro 
duction Without Iregard for the particular area of a blank 
to be bent. 
The optinum advantages of this invention are obitained 

for most applications where a substantially uniform dis 
ContinlouS pattern of CaSe-hardened miniature dots is 
Iprowided Surrounded by a continuous pattern of In 
hardened ductile Imaterial. In this Way, optimum ductill 
ity is retained while permitting the development over 
Very large proportions of the fabricated material very 
hard and Wear resistant patterned regions. The minimum 
size of the dots is Iimited only by the available “art 
Work” or maskantS. In general, the illuStrative embodi 
Iments Shown herein, Wherein the radius of the Ihole in the 
Imaskant is 0.005" and the centers are 0.015" apart, rep 
Iresent about the mininum practical Size for carburizing 
for the process it mostadvantageously practiced when 
the carburized regions do mot merge. Since carburizing 
to a depth of 0.002" usually is desirable, if not Inecessary, 
it Will be apparent the carburizing regions Will merge 
When carburizing through Such a copper mask to a depth 
Substantially eXceeding 0.002". For the purposes of this 
invention the most Iseful case-hardened dots may be 
considered dots With a Imaximum dimension of 0.100". 
Uniformly distributed case-hardened dots having a radius 
betWeen 0.005 and 0.010’ are preferred Where uniform 
ity, ductity and formabity are desired together with 
hardineSS and Wear Iresistance. In many applications dots 
having a diameter of 0.050’ are quite SmaII enough. 

It Will be understood, of course, the principles of this 
invention Imay be used to develop case-hardened patterns 
having desired dimensions even exceeding 0.100". For 
instance, Where lubrication is a more important ob 
jective and ductility is of leSS importance, case-hardened 
patterns having case-hardened Iregions With dimensions 
greatly exceeding 0.100’ Imay prove quite Satisfactory. 
Thus fabricated materials having Surface patterns of 

case-hardened and unhardened regions over a Surface 
thereof, as described above, have a number of advantages 
over like fabricated materials now Ireadily available, in 
cluding: - 

(1) Flat parts can be roller straightemed, where hand 
straightening has heretofore been considered necessary. 

(2) Forming operations are possible which are not 
possible With an over-al hardened case. 

(3) Microminiature case-hardened regions of high 
density are made available. 

(4) Less eXpensive ductile carbon Steels Can be used 
Where more eXpensive case-hardened Steels have here 
tofore been considered IneceSSary. 

(5) When the discontinuous regions are carburized to 
form elevated case-hardened Iregions, the continuous 
regions form excellent 1ubrication channels; and, Where 
case-hardened Iregions are mot raised, the unhardened 
regions Wear in and may also Serve as lubricating regions, 
orforlike purposeS. 
While the invention has been particularly shown and 

75 deScribed With Ireference to a preferred embodiment 
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thereof, it Will be understood by those skiled in the art 
that Various changes in form and details may be made 
therein Without departing fron the Spirit and scope of the 
invention. 

Whatisclaimedis: 
1. A CaSe-hardened Steel product comprising a parti 

ally case-hardened portion Ihaving at 1east one face defin 
ing a plturality of isolated uniformily distributed case 
hardened areas having Imaximum Surface dimensions of 
fron approximately 0.005 to 0.010 inch, and having 
Centers of Such areas Spaced approximately 0.015 inch 
apart. 

2. The proceSS for producing a partially case-hardened 
Steel product having at least one face defining a plurality 
of iSolated Case hardened areas Comprising: 

cleaning at least one face of a Steel blank; 
coating the at least one face With a photoresist; 
exposing discontinuous regions of the photoresist coat 

ing With a predietermined pattern of Iradiant energy: 
Washing away uneXposed portions of the photoresist 

Coating, 1eaving a Continuous barearea of the at 
leastone face; 

electrodepositing a copper coating on the bare area 
ofthe atleastone face; 

Iremoving eXposed areas of the photoresist coating, 
thereby eXpoSing predietermined discontinuous por 
tions of the at least one face of the blank, Said dis 
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continuous portions having maximum Surface di 
mensions of fron approximately 0.005 to 0.010 
inch, and having Centers of Such areas Spaced ap 
proximately 0.015 inch apart; 

Case-hardening discontinuous eXposed portions of the 
face; and 

removing the copper coating, thereby providing a 
product having discontinuous Case-hardened Iregions 
and Continuous unhardened IregionS. 
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