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N.Y., a corporation of New York 
"Application May 19, 1949, Seria No. 94,092 

(C.I. 75-22) 5 Claims. 

"This invention relates to protective. Surfaces 
on-structural components useful for high tem 
perature' and oxidizing or corrosive atmosphere 
conditions, and particularly to a protective sur 
face for refractory metal components, especially 
composite body materials. 
'Components suitable for use as buckets, blades, 

valves, nozzles, and the like, in gasº or steam tur 
bines, jet engines, and devices having similar 
temperature and atmosphere is conditions have 
been difficult to provide. Such components must 
have certain desirable physical characteristics so 
that the component will withstand the stresses 

by alloying the individual. carbides, such as tita 
nium ... carbide with tungsten carbide, but the 
order. Of the improvement is insufficient for prace 
tical purposes especially under conditions of use. 
as exacting as components for gas, turbines and 
jet engines. 

0 

involved at the high-temperature of operation. 
and will not-deteriorate in the oxidizing" or "cor 
rosiver conditions existent. The elements must 
have º high i hotštensile ºstrength, , hot*fatigue 
strength, and high resistance to creep at elevated 
temperatures. Materials containing-stable com- 20 
pounds such as borides, silicides; and nitrides, of 
the refractory metals tungsten, molybdenum, ti 
tanium, zirconium, chromium, etc., or such stable 
oxides as those of the metals-aluminum, magne 
sium, zirconium, silicon, or beryllium, or- such 
stable carbides as those of the non-metals silicon 
orboron, are desirable from a corrosion and oxi 
dation resistance. Standpoint. The materials just 
mentioned; containing these: compounds, how 
ever, are generally inferior in their combination 
of physical properties, such as cohesive strength, 
resistance to mechanical: and thermal shock, and 
heat conductivity. Compounds based...on...the 
combination of carbon with the refractory metals 
tungsten, molybdenum, titanium, zirconium, tan 
talum, columbium, etc., ; possessi:better sets of 
physical properties, particularly, resistance to 
thermal and mechanical shock and cohesive 
strength. This is especially true:when they are 
alloyed with certaininetallic binders. Such as "co 
balt or nickel. One of the difficulties is that the 
aforementioned refractory metal carbides, base 
materials are not stable, as far as oxidation and 
corrosion resistance at high-temperatures. 
As an example, titanium carbide, zirconium 

carbide, molybdenum carbide, Ortungsten car 
bide...tend toward thermal decomposition into 
CO2, TiO,'ZrO,:MoO3, WCD3, respectively, at tem 
peratures...in the range of 1400-1700°F. : Espe 
cially in the case of molybdenum. carbide...and 
tungsten carbide, the high vapor pressure- and 
volatilization tendency of the 'molybdenum' and 
tungsten trioxides contribute to a rapid destruc 
tion of the cemented carbide: materials when 
they are exposed to oxidizing or corrosive attack 
above 1500 F. Some improvement is attained 
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Iron and steel have been. Surface treated aby. 
coating the Same by. Straight electrodeposition or 
plating, . Spraying, or by the So-called 'impreg. 
nation'treatments involving diffusion and metal 
atom exchange innechanisms between the ide 
posited metal and the base metal. The deposit 
ing of the surface metalin: the impregnation 
treatmentS can be through immersion of the 
component in a Salt bath, immersion in a powder 
pack containing the Surfacing materials, orby 
exposing the body to a gas' stream containing the 
Surfacing metal in the form of a Volatile icon 
pound, Such as a halide, or plurality of halides. 
The aforementioned Surfacing treatments 

especially of the “impregnation' type, are:most 
effectively applied to the pure metals which form 
Complete or substantially complete solid:solu 
tions in any portion of the binary system because 
of the high diffusion rates involved. An example 
is iron, or molybdenum, or tungsten, when chro 
mium is used as a Surfacing metal. When Seva 
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eral phases or compounds are formed by alloy 
ing of the Surfacing and the base metal, the dif 
fusion rates are slowed. So that the impregna 
tion or diffusion treatment requires higher tem 
peratures, more times, and a higher concentra 
tion of the surfacing metal or material in the 
compound, which is in contact with the body to 
be protected. This is true, for example, when 
the base metal is nickel or cobalt and the de 
posited metal is chromium. - 
The impregnation treatment is still more lim 

peded and in certain uses wholly ineffective: if 
the base metal contains a compound, such as a 
carbide as a major constituent, for example, 
eutectoid or hyper-eutectoid steel, or cast iron. 
The reason for this is that the carbide, such as 
iron carbide, interferes with the metal atom ex 
change mechanism between the base metal and 
the deposited surface material. The carbide.also 
interferes with the inward diffusion of the atoms 
of the deposited metal. 
AS Will be explained hereafter, the barrier of 

the carbide against diffusion of the deposited 
metal into the interior of the base material is 
utilized to advantage in the present invention. 
If Such a barrier did not exist, the high surface 
temperature involved would cause the diffusion 
process to continue indefinitely while the ele 
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face shell of the intermediate phase such as Co, 
Ni, NiCo, or Ni-Cr; alloy... The plated surface film of the intermediate phase is then diffused 
and merged with the cementing metal during a 
Subsequent's heat treatment. The subsequent 
heat treatment may be slightly below or slightly 
above the melting point of the binder metal or 
liquid phase respectively of the cemented carbide 
material; Such as 2350. F., for tungsten car 
bide, "cobalt eutectoid; and 2550° F. to 2650° F. for 
cobalt containing dissolved titanium carbide, and 
in any case substantially below normal sintering 
temperature to avoid the detrimental grain. 

... growth and deterioration of physical character 
sistics; and structure of the cemented carbide base 
material. : : - . . . . . . * : '.' ; 
''The "extent, of the diffusion heat treatment 
also depends upon the characteristics of the ce 
mented carbide system. In systems of great 
Solubility, Such as WC-Co, where an eutectoid 
is, formed, the treatment must be below the 

the time relatively short. Where there is 
'ery limited Solubility, such as the system 
Coº: the: teimperature can be near the forma 
temperature of the 

time, employed. . . . . 
the intermediate phase in connection with the 
hot pressing of the compact is a method where 
by a uniforn. Shell of the intermediate phase can 
e; furnished by the binder metal proper. This 

can be accomplished by carrying out the hot 
pressing operation in such a manner as to 
squeeze out the binder materiai during compac 
tion so, as to enrich the surface regions of the 
carbide compact at the expense of the interior 
regions::::::::::: As an example, lain 80—20 of TiC-Co 
mixture can be hot pressed at 2900 F. at 2500 
p.s. i. in order to obtain a cobalt-enriched sur 
face on the compact. The compact in such an 
operation is subjected to a minimum of six heat 
cycles ranging, from 2700°F. to 3000. F., and the 
pressure is applied in the form of an impact 
blow at the moment the peak temperature is 
reached. During cooling to 2700°F, the binder 
metal freezes, and thus is fixed in position. By 
repetition of the heat and press cycles, a pro 
gressive build-up of the surface regions with 
cobalt binder metal will occur. . 
When an infiltration method is employed to 

form the cemented carbide body, it is desirable to 
encompass... the refractory skeleton bodies in a 
ceramic carbide or other suitable material moid 
with sufficient space left between the surface of 
the skeleton body and the walls of the mold 
cavity to allow for the formation of a thin con 
tinuous. Surface film of the liquid infiltrant metal. 
Such a nethod of providing the intermediate 
phase on the skeleton is of particular advantage 
because. no further heat. treatment is required 
to integrally fuse and merge the surface layer of 
the intermediate: metal with the binder metal 
network of the carbide skeleton. Various thick 
nesses of the intermediate surface phase can be 
obtained under controlled conditions depending 
upon the method of producing the layer. . . . . 

gtemperature of the low melting phase. 

liquid phase and a longer 

the preferred manners of furnishing 
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advantageous and preferred to employ, alloys of 

composition of a compound, the halides of chro 
mium, silicon, zirconiunior. aluminum, such as 
chromous chloride, chronous iodide, silicon chlo 

8 ?????????? 
process of applying the material. If, fór ex 
ample, pure chromium is to be used as the:sur 
face element, and cobalt as the intermediate 
phase layer as well as for the binder...for the 
carbide, a surface layer of .002, thickness of 
chromium can be used with a minimum of .003 
thickness, of the intermediate cobalt layer. In 
such an instance, the same thicknesses would 
apply if the surface layer were of chromium-rich. 
alloy phases with cobalt, for example, cobalt 
rich. Solid solution:and intermediary compounds, 
such as Co2Cr3. . . . . . . . . . . . . . . . . 
The maximum thickness should be that to 

guarantee some penetration and roots into the 
binder network of carbide. This maybe...in the 
order of .015' for the aforementioned chromium 
surface element on the cobalt intermediate phase. 
The preferred manner; for deposition of the 

Surface" metalis by the vapor phase methods in 
volving zeither pure metal or a compound of 
metal that thermally decomposes upon deposi- i. 
tion, initiating a metal atom, exchange process. 
In the case of pure metals, chromium, silicon, 
zirconium or aluminum, are the most desirable. , 
Althoughpure chromium as surfacing casing is 
desirable for reasons of technical simplicity and 
economy of the process, the oxide of chromium 
(Cr2O3) formed when exposing the metal to 
high temperature oxidizing atmospheres lacks. 
Some stability from a mechanical standpoint, and 
tends to mechanically disintegrate and flak ? and 
Spall off thus constantly exposing fresh metal 
surfaces to the oxidizing atmosphere. This would 
eventually result in completely. Wearing through 
the chromium metal surface. Hence metals re 
Sulting in more stable oxide films such as zir. 
very high temperature application (above ... 
2000°F.). . . . . . . . , 

... If the case formation process employs the 
previously mentioned mechanism of preferred de 

ride, zirconium chloride, c 
are suitable for the process. . . . . 
Instead of the pure metals, it may be mor 

aluminum.c ide 

chromium with other metals mentioned which 
50 
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As mentioned, it is desirable to have the in 
termediate phase continuous in thickness as well 
as in adherence and anchorage to the cementing 
metal network of the carbide, structure. The 
thickness of the intermediate phase layer pref 
erably, is in the order of .002' to .020', the exact 
thickness thereof depending on the type of final 
surfacing material to be used and also on the 

70 

S (surfacing metal) may be 
5 

". 
conium, silicon or aluminum are preferred for . . . . 

conium; with aluminum and silicon; with alu 

tend to, form more stable complex oxides. Ex- . . 
amples of alloys of chromium with elements to 
form: a more stable oxide, are:compounds of . 
chromium with aluminum, with silicon, with 

minum and zirconium; or, with aluminum, sili 
con, and zirconium. In either case, double or 
triple halides, such, as the chlorides, bromides 
or iodides of chromium plus aluminum; chro 
nium-plus silicon; chromium plus zirconium; . . 
chromium plus aluminum plus silicon; chromium . . . . . 
plus aluminum plus zirconium; or chromium plus 
aluminum plus silicon plus zirconium; must then 
be employed. . . . . . . . . . . . . . . . . . . . . 

It can be theorized that the exchange reactions 
taking place between the base metal and the 
surfacing metal by means of diffusion are as fol 
lows: ...: ????????? ? ???-? * 

(1) . SA+B=S (deposited) + BÁ. . . . 
(2) s+++B==B+++s? ? 
where .. 

B (base metal) may be Co, Ni, alloys, 
Aš (halogen) maybe Cl, II, Br. . . . . . . š 

Cr, Si, Al;?Zr, alloys, 
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9. 

... It is to be understood, however, that the exact 
mechanism of diffusion or atomic interchange of 
the complex system may not be known. In some 
cases there may be anion-exchange and in others 
an atomic migration, or there may be some other 
phenomena involved. : 
With the various mentioned elements, the foll 

lowing may be taken as examples of the specific 
reactions in relation tog the , above. 
(1) CrCl3+Co-CoCls 
(2) Cr2--Co->Cr--CoI2. 
(3) CrCl3--Ni->Cr--NiCl2. 
(4): AlCl3+Co->A)--CoCl2--Cl. 
(5): AlI3 -Co->All-CoI2--I 
(6). AIBr3+N->Al--NiBra-i-Br 
(?) SiCl4-2Co->Si--2CoCl2 
(8). SiBra--2Ni-Si--2NiF3ra. 
(9), ZrCla--Coe Zir--CoCla 
(10) Zre--Ni-->Zr--NiI2 
AS. previously mentioned, one of the uses for 

the present invention is in conjunction, with a 
turbine blade for gas turbines, an example of 
which is seen in Figure 1 of the drawings. In 
such a component, the blade O is joined to a foot 
portion. Oa, the foot portion Oa, being insertible 
into a suitable aperture in the wheel of the 
turbine or jet engine. 
Onemanner in Which vaporphase impegna 

tion or deposition of the surface metal or alloy 
can be carried out is one, where the component is 
suspended in the metal halide gas stream, one 
form of apparatus being illustrated in Figure 2. 
Furnace-tube is may be of sillimanite or other 
suitable refractory material. Said tube is ar 
ranged with a gas inlet pipe, 2 and a gas Outlet 
pipes. 3, the component Arbeing suspended by 
means of a wire. or rod 5 from the holding ele 
ments 6 within tube. . . The component 4 may 
be a cemented carbide refractory element with 
the intermediate phase, surface material thereon. 
The heating elements for the furnace; prefer 

ably of molybdenum or tungsten, may be divided 
into two. Sections, there being a lower element 
f, connected to the terminals' 8 for the purpose 
of maintainingia, predetermined temperature in 
the lower part of the furnace and a second heat 
ing element arrangement 19 connected to termi 
nas 20 formaintaining a predetermined tem 
perature in another portion of the furnace. As 
will be explained hereafter, the temperature in 
the vapor generation portion can be maintained 
lower, than the temperature where the deposition 
takes place on the component. The heating ele 
ments, and tube maybe surrounded by an insulat 
ing filler material 2' held in a suitable gas tight 
housing 22. - . . . . ; . 
The granular metal material is located inside 

of tube fland may be held in position by means 
of perforated plates 24 and 25, plate 24 being suit 
ably positioned by means of a spring or other 
support 26. Ai Nichrome mesh work 27 may be 
placed over the upper perforated plate 25 as a 
screen to prevent solid particles from being car 
ried over. Dry HCl gas is passed through inlet 
tube-2 and the gas generating zone at the lower 
end of the cylinder. The gas generating zone 
includes the granular metal which if of chromium 
is kept is at a temperature of about 1500 F., 
chromous chloride vapor being generated as the 
dry-HCl gas passes over the metal. The unstable 
gas then flows into contact with the component 
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4 in which zone a temperature is maintained of 
1800°F. to 2700°F. depending on the cemented 
carbide system involved. If desirable, an inert 
gas. Such as argon, nitrogen or hydrogen may be 
used as a carrier for the chromous chloride. It 
also is possible to reverse the flow and permit the 
heavy chromous chloride vapors to descend 
rather... than rise. ---- 
As previously mentioned, it also is possible to 

deposit other metals in a similar manner from 
the vapor phase such as silicon, zirconium, and 
aluminum. .A • ? 

An apparatus for deposit of the pure...metal 
from the vapor phase is shown fragmentarily in 
Figure 3, the remainder of the furnace being 
similar to that illustrated in Figure 2. Refrac 
tory tube. T0 , may have heating elements. Ti, 72 
surrounding the same and a ceramic or other 
suitable material metal holder 73 can be held 
in place in said tube by refractory block T4. The 
metal 75 in the pot. 73 is kept in molten state by 
the heating elements. The hydrogen or other 
gas passing up through the passage between the 
pot and the walls will carry metal vapor onto and 
deposit the same on specimen 76. The tempera 
ture in the Zone. Of the pot may be maintained at 
about 3100°F. and the temperature in the speci 
men ZOne at about 2750° F. .. 
Another and preferred manner in which the 

Surface metal can be deposited from the vapor 
phase is by use of an impregnated ceramic carrier 
pack arrangement, such as is illustrated in Fig 
ure 4. In general, the component is placed in 
contact. With a mixtures of a suitable ceramic, 
Such as glazed Alundum or sillimanite grains, and 
chromium, Silicon, aluminum and/or zirconium 
metal granules. The temperature' is maintained 
between 1650 F. to 2500°F., and a mixture of 
hydrogen, and hydrogen chloride gas, passed 
through the pack which generates a chromous or 
other chloride vapor, which is deposited on the 
Surface of the component. . . 
As a specific example, there may be 7% hydro 

gen chloride in the gas with a total flow of 500 
cm.8/min. at one atmospheric pressure. The pack 
granules may be 10-20 mesh. 

Referring to Figure 4, the refractory furnace 
tube 39 has a pair of heating elements 31, 32-con 
nected to power sources 33 and 34, respectively. 
Ammeters or other suitable instruments 35, 36. 
are provided in conjunction with suitable poten 
tiometers 37, 38 for controlling the power input 
and thereby the heating by the coils for heating 
the furnace tube. A suitable thermocouple or 
temperature measuring apparatus 39 and indi 
cator 40 may be provided for the purpose of in 
dicating the temperature in the pack or control 
ling the same. Insulating material 4t may be 
contained in casing 42 surrounding the furnace 
tube 30. The component which is to have a sur 
face deposited thereon is indicated at 43. packed 
in the granular pack 44, the impregnated ceramic 
carrier pack. 44 being supported in a suitable 
Nichrome suspension basket 45. The composition 
of the pack will be discussed hereafter. Hydro 
gen, and HCl gas may be Supplied to pipe: 46 in 
any desired, proportions, said gas being passed 
through a concentrated sulphuric acid absorption 
receptacle 47 and calcium chloride receptacle-8 
to insure that the gas is absolutely dry: The hy 
drogen and HCl gas is fed through inlet 49 to the 
furnace tube and the temperature of the furnace 
tube is Suitably adjusted. . . . . ? " 
The gas passing through the impregnated 

carrier pack will generate chromous chloride 
5 when chromium is used therein and will deposit 
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it on the surface of the component. Outlet 50 
carries the gas from the tube into the water ab 
sorption receptacle 5, then through concen 
trated surphuric acid absorption receptacle 52 
and then the calcium chloride absorption recep 
tacle 53. It is evident, of course, that the con 
nections can be varied as desired and various 
combinations used.: As mentioned before, vari 
ous metals may be used in the place of chronium 
or a combination of these metals with chromium 
can be used in order to provide the desirable 
surface deposit. Examples of methods of Sur 
face, impergnation to form binary, ternary, or 
quarternary alloys are given hereafter. First 
the pack composition is set forth and then the 
procedure for carrying out the impregnation. 
An apparatus. Such as that shown in Figure 4 is 
suitable for the purpose. 

First will be given examples of a chromium 
aluminum binary surface impregnation by the 
pack gas treatment. v. . 

A. Cr-Al-Binary surface alloy 
A1. Pack composition: 50% (by weight) of 50–50 
Cr-Al pulverized fused prealloy, -10-20 mesh 
granules; 50%. Al2O3, or sillimanite, -10-20 
mesh. 

Procedure: Dry hydrogen-flow 1000 cc./min.; 
HCl- flow 70-100 cc./min. Passed through 
pack for 6-30 hr., 1740-2280° F. in alternate 
current, 4 reversals/hr. 

A2. Pack composition: 33% of 50-50 Cr-Al pre 
alloy, ground to -325 mesh; 17% CrCl2 crys 
tals; : : 50% ! :Al2O3, MgCO, ZrO2 or BeO, --825 

... mesh, . ' : ' 
Procedure: Dry hydrogen-flow 1200 cc./min. 
Passed through pack for 6-30 hr., 1740-2280° F. 

A3. Pack composition: 30% of 50-50 Cr-Al pre 
alloy ground to -325 mesh; 15%. CrCl2 crys 
tals; 5 % NH4Cl; 50% Al2O3, MgO, ZrO2 or 
BeO, --825 mesh. 

Procedure: Dry. hydrogen-flow 1200 cc./min. 
Passed through pack for 6-30 hr., 1740-2250 F. 

Next a chromium silicon binary alloy may be 
deposited in accordance with the following pro 
cedure: 

B. Cr-Si-Binary surface alloy 
B1. Pack composition: 50% (by weight) of Cr 
granules (pure, electrol.), –10-20 mesh; 50% 
Al2O3 or sillimanite granules, -10-20 mesh. 

Procedure: Dry hydrogen-flow 100 cc./min., 
passed through liquid SiCl4 at 200-210 F. 
(boiling pt.). Gas mixture is passed through 
pack at 2200°-2500° F. for 1 to 16 hours. 

B2. Pack composition: 40% (by weight) of 60-40 
Cr-Si (compound CrSi) pulverized prealloy 
(produced by fusing briquetted mixtures of 
Cr2O3 plus SiC), ground to -325 mesh; 10% 

i NH4Cl; 50% Al2O3, MgO, ZrO2 or BeO, -825 
mesh. 

Procedure: Dry hydrogen, flow 1250 cc./min., 
passed through pack for 6-30 hr. at 1300 
2200°F. 

B3. Pack composition: 49% of 60-40 Cr-Si (com 

12 
A chromium zirconium binary surface alloy 

can be deposited as follows: 
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pound CrSi) prealloy, -325 mesh; 49% Al2O3, 
MgO, ZrO2, or BeO, —325 mesh; 2 % iodine. 

Procedure: Dry. hydrogen, flow 1000 cc./min., 
passed through pack for 6-30 hr. at 1800-2200 
F. (as an alternate, dry hydrogen or helium 

-is blended with pure chlorine gas, (99%), flow 
...1000 cc./min. and passed through pack). 

70 

75 

?. Cr-Zr-Binary surface alloy 
C1. Pack composition: 50% of Cr granules (pure, 

electrol.) , - — 10-20 ” mesh; 50% - Al2O3 - or : silli 
manite granules, -10-20 mesh. : 

Procedure: Dry hydrogen, flow 1000 cc./min, 
blended with a mixture of 4:1 of C1 and He, 
flow 750 cc./min.; passed through zirconium 
metal or zirconium hydride powder kept at 
750 F. in closed container. (As an alternate, 
ZrCl3 is first produced by passing the 4:1 Cl-He 
mixture over the Zr powder, then subliming 
the vaporized ZrC2 into a powder and then 
passing the hydrogen over it). The hydrogen 
zirconium-chloride gas mixture is passed 
?????????? the pack for 2 to 30 hours at 1560 
100°F. ... . 

C2. Pack composition: 40% of diffusion-sintered 
50-50 ZrCr alloy powder pulverized, ground 
to -325 mesh; 10% NH4Cl; 50%. Al2O3, MgO, 
ZrO2 or BeO, -825 mesh. 

Procedure: Dry hydrogen, flow 1250 cc./min, 
through pack for 6 to 30 hrs. at 1800 

2500° F. - 

As examples of a ternary surface alloy of chro 
mium, aluminum and silicon, the following pro 
cedure may be used: 
D. Cr-Al-Si-Ternary surface alloy 
D1. Pack composition: 40% of 40-40-20 Cr-Si-Al 

pulverized fused prealloy, -10-20 mesh; 10% 
NH4Cl; 50% Algo3 or sillimanite granules, 
-10-20 mesh. . . . . . . . . 

Procedure: Dry hydrogen, flow 1000 cc./min. 
HCl, flow 70-100 cc./min, passed through pack 
for 4-30 hrs. at 1750-2300 F. in alternating 
current, 4reversals per hour. 

D2. Pack composition: 30% of 20-40-40 Cr-Si-Al 
pulverized fused prealloy, -325 mesh; 15% 
CrCl2 crystals; 5% NH4Cl; 50%. Al2O3, MgO, 
ZrO2 or BeO, -825. Imesh. - 

Procedure: Dry hydrogen, flow 1250 cc./min, 
???? through pack for 6-30 hrs. at 1800 
5000 E. 

Another ternary surface alloy of chromium, 
aluminum and zirconium can be deposited as foll 
lOWS: , . . 

E. Cr-Al-Zr-Ternary surface alloy 
E1. Pack composition: 40% of 50-50 Cr-Al pull 
Verized fused prealloy -10-20 mesh; 10% 
NH4Cl; 50%. Al2O3, or sillimanite granules, 
-10-20 mesh. 

Procedure: Dry hydrogen, flow 1000 cc./min, 
blended with 4:1 Cl-He gas mixture, flow 750 
cc./min. passed through zirconium metal or 
zirconium hydride powder kept at 750 F. in 
closed container, and then passed through the 
pack for 2 to 30 hours at 1650-2200 F. 

E2. Pack composition: 30% of 50-50. Cr-All pull 
verized fused prealloy, -325 mesh; 15% ZrCl, 
powder; 5% NH4Cl; 50%. Al2O3, MgO, ZrO or 
BeO, -325 mesh. 

Procedure: 
I. ZrCl2 produced by passing 4:1 Cl-Hegas 

mixture, flow 500-1000 cc./min. over zirconium 
metal or hydride powder at 750° F., sublima. 
tion of the vaporized ZrCl2 into a powder. 

II. Dry hydrogen, flow 1000 cc./min, passed 
: the pack for 2 to 30 hours at 1800° 



?13 
- A. quaternary-surfac? allowžcontainingechros 
mium aluminum, silicon, and zirconium may be 
deposited according to the following methods: 
F.Cr:Al-Si-Zir-e-Quaternary surface alloy 
F1. Pack composition: 40% of 40-4020. CrsSiAl 
pulverized fused prealloy, -10-20 mesh; 10% 
NH4Cl; 50%. Al2O3 or sillimanite granules, 
--10-20 mesh.: - 

Procedure: Dry hydrogen, flow 1000.scc./min., 
blended with 4:1. C1-Hegas, mixture, flow 750 
cc./min, passed through zirconium metal or 
zirconium hydride:powder kept at 750 F. in 
closed container, and then passed through the 
'pack for 2 to 30 hours at:1650-2000. Fix 

F2: Pack composition: 30% of 40-40-20 Cr-Si-Al 
pulverized fused prealloy, -325 mesh; 15% 
ZrCl powder; 5% NH4Cl; 50% 
ZrO2, or Beo, -325-mesh. ' 

Procedure: 
I. ZrCl2 produced by-passing 4:1 Cl. He gas 

mixture, flow 500-1000 cc./min. over zirconium 
metal or hydride :powder at 750°F, sublimation 
of the vaporized ZrO2, into a powder. . . 

II. Dry hydrogen, flow 1000 cc./min, passed 
through-the-pack-for-2 to 30 hours at 1800 
25009 ?. 

An illustration of the invention based on an 
X250 photomicrograph is seen in Figure 5 where 
in the chronium deposited surface phase is indi 
cated at 6 and the tungsten carbide body ce 
mented with 20% of a binder of cobalt at 6. 
The intermediate phases are seen at 62 and 62A 
of cobalt and cobalt chronium alloy formed by 

O 
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Al2O3, MgO, 
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diffusion. The cobalt chromium alloy contains : 
eutectic indicated, for example, at 65, and the 
outer surface of the specimen is shown at 63. 
The cobalt chromium alloy also penetrates into 
the tungsten carbide base such as may be seen, 
for example, at 64. At least a portion of the 
cobalt, and chronium form an eutectic in the 
intermediate phase and where penetration takes 
place into the tungsten carbide base. 
A schematic representation is seen in Figure 6 

wherein the refractory metal carbide grains are , 
indicated at 70 and the cementing metal or alloy 
at 66. The intermediate phase of the same ma 
terial as the binder is shown at 67 and the de 
posited surface metal or alloy is indicated at 68. 
In the process, an eutectic of the cobalt chromium 
metals will be formed and may travel or migrate 
into the surface layers such as indicated at 69. 
The eutectic also is indicated at 69A as pene 
trating into the cemented tungsten carbide base. 
As previously mentioned, a salt bath chromiz 

ing or other depositing process might be used 
wherein the component is brought into contact. 

- with a stable halogen salt as a constituent of a 
molten bath. Such as CrCl2, the temperature in 
Such an instance being maintained at about 2000 
F-2500 E. for Several hours. 

the previously deposited and integrally merged 
intermediate metal surface of the component 
through the exchange reaction: 

CrCl3+Fe, Co, Ni->FeCl2, CoCl2, NiCl2+Cr 
Other metals such as silicon, zirconium, or alu 
minum, or alloys thereof with chromium, may 
be similarly deposited. It is also possible to de 

In Such a proceSS,- 
the free chromium would be made available at 

40 

?4 
A tungsten carbide powder with a powder size 

of from 4 to 7 micron can be mixed with 13%. 
by Weight cobalt of -325 mesh and the mixture 
hot pressed at approximately 2650°F, under a 
pressure of about 2 tons per square inch in a 
procedure involving is alternating. heating and 
pressing cycles as mentioned hitherto. There 
Sulting body can be observed to possess assure 
face region enriched in the cobalt binder metal. 
in addition; an intermediate phase of nickel then 
can be electroplated thereon with a thickness 
of about .002.005'' thickness. ... The specimen 
then can be placed in an apparatus similar to 
that seen in Figure 4 of the drawings. The pack 
which can be used is an equi-volume mixture 
of 10-16 mesh electrolytic chromium modules 
and-white glazed Alundum grains. The furnace 
then can't have-hydrogen chloride and hydrogen 
gas passed therethrough in the ratio of 8-10% 
for thirty hours, the furnace being maintained 
at between 1830°F. and 2010° E, the flow, rate 
being 1000-cc./min. . . . . . . . . . . . . . ." 

Also; a tungsten carbide-cobaltbodymadéir 
the same-manner.as that just-described can be 
additionally plated with cobaiti and then placed 
in a similar pack and subjected to a 6% -HCl/H. 
gasflow for:30-hours at a flow, rate of 1000 cc./ 
mini, and a temperature of 1830°: EF3 to 2010 Fif:: 

Further, a titanium carbide powder with a 
size of /2 to 7 microns can be mixed with 20% 
cobalt and hot pressed at approximately 2900° 
F. Under a preSSure of 2 tons per Sq. inch. The 
Specimen then can be additionally nickel plated 
and placed in an impregnation pack similar to 
the tungsten carbide cobalt specimen just men 
tioned, the furnace being maintained at about 
2100 E. for the chromizing process. 

It is to be understood that composite bodies 
made in accordance with the present invention 
can be used for various purposes. The placement 
of the intermediate casing layer of the composite 
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body and the Surface case also can be performed 
in Warious manners. The term “metal' means 
a single metal or an alloy. Also, the precise 
mechanism of the deposition and bonding is not 
necessarily that of an atom exchange, but may 
be Some other process, such as a thermal decom 
position of the compound liberating metal ions 
followed by atomic migration, or may be some 
other phenomena. Details of carrying out the 
proceSS and the apparatus involved can be varied 
from those shown without departing from the 
Spirit of the invention, except as defined in the 
appended claims. 
What is claimed is: 

'1. The method of producing composite bodies 
adapted to withstand corrosion at a high tem 
perature comprising compacting said composite 
bodies from a refractory metal carbide powder 
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posit these other metals or alloys directly in the 
vapor form when the conditions bearing on the 
vapor pressure characteristics are correct for 
deposition. 75 

Selected from a group consisting of titanium car 
bide, molybdenum carbide, tungsten carbide and 
Zirconium carbide, powder, cementing the said 
bodies with a metal selected from a group con 
sisting of iron, nickel and cobalt, applying to the 
surface of Said cemented bodies an intermediate 
layer of the metals used for the cementing step, 
covering said intermediate metal layer with a 
Surface coating of a Substance selected from a 
group composed of chronium, zirconium, alumi 
num, silicon and their halides and thermally 
merging Said intermediate and said surface layers 
into a bond therebetween and with said cemented 
body. 

2. In a method according to claim 1, the step 
of using the same metal for the cementing of 
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said composite bodies and for W the formation, of 
the intermediate layer. v 

3. In a method according to claim 1, the step 
of compacting the composite body from a titani 
um carbide powder, cementing the same with a 
metal selected from the group consisting of iron, 
cobalt, nickel, applying to the said cemented body 
an intermediate cobalt layer and covering the 
same with a surface layer of a substance Selected 
from a group consisting of chromium, zirconium, 
aluminum and silicon. '. 
; 4. In a method according to claim 1, the step 
of compacting the composite body from a titani 
um carbide powder, cementing the same with a 
metal selected from the group consisting of iron, 
cobalt, nickel, applying to the Said cemented 
body an intermediate nickel layer and covering 
the same with a surface layer of a substance 
selected from a group consisting of chronium, 
zirconium, aluminum and silicon. : . 

5. A composite body which is corrosion resist 
ant, at a high temperature consisting of a refrac 
tory" metal powder selected from the group con 
sisting of titanium si carbide, molybdenum, car 
bide, tungsten carbide and zirconium carbide 
powders and being cemented by a metal selected 
from a group consisting of iron, nickel and cobalt, 
said bindy being coated with an intermediate layer, 

O 

5 

25 

16 
of the metals used for the cementing step and 
being surface coated with a substance selected 
from a group composed of chromium, zirconium, 
aluminum and Silicon, the Said body, being in 
tegrally united with the intermediate and the 
surface layer. . . . . . . . . . . . . . . . | CLAUs G. GOETZEL. 
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