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This invention relates in general to improvements in 
mechanically joining electrical conductors, as distinl’ 
guished from ‘welded and soldered joining practices. 
More speci?cally, the invention is addressed to mechani 
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cal pressure-restrained rigid joints between electrical 0011- I 
ductors at least one of which conductors presents an 
aluminum surface for pressure-restrained interfacial con 
tacting assembly with another metallic conductor surface 
constituting a mechanical joint therebetween. 
The term “aluminum” as used herein and inthe ap 

pended claims encompasses commercia‘llyvpure electrical 
conductor (EC) grade aluminum and commercially em 
ployed aluminum base alloys in which vthe elemental metal 
aluminum is present in amounts of at least 50 percent by 
weight. 
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The as-fabricated'surfaces of aluminum- conductor, as . 
well as aluminum ?ttings conventionally employed in 
pressure-restrained joint relationship therewith, invariably 
exhibit foreign materials adhered thereto during their‘ 
manufacture, as well as being characterized by a tenacious 
natural oxide surface ?lm, all of which contaminants are 
productive of increased electrical contact'resistance of 
joints made therebetween, as compared to direct metal-to 
metal joints. ‘ ' ‘ ' ' 'j e I 

The‘ primary object of the invention is therefore to pro 
vide an electrically :conductive aluminum surface for 
incorporation in pressure-restrained interfacial contacting 
mechanical joining with other metallic surfaces which in 
sures a low electrical contact resistance joint. 
Another object of the invention is to condition ‘the 

surface of an aluminum conductor in such a manner as 
to impart passive properties‘ thereto against its subsequent 
natural oxidation in storage as Well as in subsequent rigid 
interfacial'contacting'joined ‘assembly with another con 
ductor. ' 1 ~. - 

A further object of the invention is to provide a con 
ductor having an exposed surface of aluminum character 
ized by its ability to retain a protective ?lm of conven 
tional unctuous joint compound. 4 

These and other objects will be more fully understood 
and appreciated from the following detailed description . 
based on an extended development ‘and test ‘program 
establishing consistently superior results through the'prac 
tice ofythe invention. I I, . 

The chief problem which had to be'overcome in reach— 
ing the presentiinvention was to remove adhering and 
included surface contaminants from as-fabricatcd alumi 
num conductor surfaces. Such contaminants have been 
found to prevail in the form of incrusted and ingrained 
surface lubricants conventionally employed in the’ fabri 
cation of wrought aluminum conductor and wrought alu 
minum ?ttings used therewith, as well as surface adhered 
mold wash components and foreign materials employed 
in casting aluminum conductor ?ttings. in addition, the 
natural oxide surface ?lms have had to be removed, as 
a further recognized contaminant conducive to increasing 
electrical contact resistance of mechanical pressure 
restrained joints incorporating at least one interracial joint 
contacting aluminum surface‘. ' 
‘I have discovered that as-fabricated aluminum con 

ductor surfaces can be completely cleaned of foreign 
surface contamination and passively conditioned against 
further natural oxidation by ?rst chemically coating the 
as~fabricated surfaces and thereafter stripping the so 
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coated surfaces. I have further determined that alumi 
num surfaces thus treated exhibits the property of high 
initial electrical conductivity and retain this characteristic 
over long periods of storage prior to and following subse 
quent use in the environment of pressure-restrained inter 
facial contacting surface joints incorporating at least one 
of such cleaned and passivated surfaces. 

Preparation or conditioning of aluminum surfaces in 
accordance with the practice of the invention preferably 
comprises performance of the following preliminary 
cleaning and conditioning steps: 
Step1 .-—Preclean as-fa-bricated conductors, and/or- ?t- ' 

tin s emolo ed therewith in mechanical 'oinin ractices, g. l y l g 
- to remove surface contaminants in the form of excess 
surface lubricants and residues thereof, as Well as molding 
or casting contaminants. . 

Step 2.—Chemical zincate dip to substantially com 
pletely dissolve the natural oxide surface ?lm and provide 
a replacement zinc immersion coating on the exposed sur 
faces of the conductors and / or ?ttings, followed by water 
rinse. . 1 . ' 

‘Step 3.——Acid strip the chemically produced zinc im 
mersion coating, followed by water rinse. I 

it has been found in practice that aluminum surfaces 
for intended environment in mechanical pressure 
restrained interfacial contacting joining practices of the 
invention can in many instances be conditioned in their 
as-fabricated form by following steps two and three, with 

.out, preliminary precleaning under step one. However, 
more consistently improved results have been observed by 
following the three-step process asserted above. 
The preliminary cleaning of step onecan follow any 

one of severali‘established practices, as follows‘: 
A. Solvent cleaning comprising exposing the surfaces 

to be preliminarily cleaned to non-emulsion solutions such 
as trichlorethylene, carbon tetrachloride and high-?ash; 
point petroleum solvents. ' - 

B. Alkaline cleaning comprising exposing the surfaces 
to be cleaned to an aqueous caustic soda solution, held 
at 150 to 160° ‘5., for a relatively short period of time, 
5 to 30 seconds, followed by a Water rinse to remove resid 
ual caustic soda. ' - - ‘ 

_C. Sulphuric-chromic cleaning comprising exposing 
the surfaces to be cleaned to an aqueous solution made 
up of 10 percent by volume concentrated sulphuric acid 
and 4.5 ounces per gallon chromic acid anhydride, held 
at 110 to 195° F. for a period of 2 to 10 minutes, fol 
lowed by a water rinse. ' I p 

D. Combination of A and B preliminary cleaning treat~ 
ments. - 

E. Combination of B and C preliminary cleaning treat 
merits. ‘ " 

--The second ‘processing step, or step 2, in the practice 
of the invention, following any one 'of the preliminary 
cleaning procedures of A, B, C, D and E, entails provid 
ing the intended contacting surface of the electrical con 
ductor, and/or ?tting to be employed in a mechanical 
interfacial contacting joint, with a chemically produced 
zinc immersion coating. This has been best and‘ prefer 
ably accomplished by immersion or exposure of the alu 
minum surface to be zinc coated in an aqueous solution 
made up from 120 ‘to 500 grams per liter of sodium hy 
droxide and 20 to 100 grams per liter of zinc oxide, held 
at a temperature of 60 to 100° F., for a period of 10 to 
60 seconds, followed by a water rinse. This second or 
zinc immersion step results in dissolving the natural oxide 
surface ?lm and replacing the same with a thin adherent 
coating of metallic zinc, without exposing the surface so 
treated to oxidation. 

The third processing step, or-step 3, of the invention 
comprises an acid strip to remove the chemically pro 
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duced, zinc‘ coating of step 2. This third or acid strip_ 
ping step preferably comprises exposing the zinc coated 
material by immersion in the same sulphuric-chromic 
solution de?ned above under the preliminary cleaning step 
C, for a period of from 10 to 40 seconds, followed, by 
thorough rinsing in water. Alternatives of the preferred 
sulphuric-chromic solution for stripping the zinc coating 
is a 50 percent by weight aqueous nitric acid solution at 
room temperature, with an immersion time of 5 .to 30 

4 
ported in the table were calculated from Kelvin bridge 
measured electrical resistances and dimensional measure 
ments for each individual test assembly or mechanical 
joint, each resistance ratio value reported being the appar' 
ent resistance of a joint‘assembly exclusive of the con 

Parallel Groove Connector Clamp 
‘ Alloy Composition 

5 
ductors outside the connection or joint assembly, divided 
by the resistance of an equal length of the same conduc 
tor or- conductors incorporated in the connection or joint 
assembly. ' 

Table 

- ‘ Resistance Ratio 

> EC Aluminum Conductor As- Clamping __ 
Connector Clamp Surface Treatment Fabricated Force 7 

Initial After 500 
Heat Cycles 

195 Alloy-Nominal composition 
by weight: 4.5% Cu, 0.8% Si, 
balance aluminum. ‘ 

356 Alloy-Nominal composition 
by weight: 7.0% Si, 0.3% Mg, 
baalnce aluminum. 

6062 Alloy—-Nominal composition 
by weight: 0.25% Cu, 0.6% Si, 
1.0% Mg, 0.06% Cr, balance 
aluminum. 

6062 AlloyeNominal composition 
by weight: 0.25% Cu, 0.6% Si, 
1.0% Mg, 0.06% Or, balance 
aluminum. 

6062 All0y—-Nominal composition 
by weight: 0.25% Cu, 0.6% Si, 
1.0%_ Mg, 0.06% Cr, balance 
aluminum. 

As-Iabricated casting ________________ __ 

Zinc Immersion-l-HNOa acid strip, 
in accordance with invention. 

Zinc Immersion+HzSO, acid strip, 
in accordance with invention. 

As-fabricatcd casting ________________ __ 

Zinc Immersion-l-HNOa acid strip, 
in accordance with invention. 

Zinc Immersion+HzS04 acid strip, 
in accordance with invention. 

As-fabricated extrusion ______ _ _' ______ _ _ 

Chemically cleaned in accordance 
with preliminary cleaning treat 
ment “E”. 

Zinc Immersion+HNOa acid strip, 
in accordance with invention. 

As-fabricated extrusion-wire scratch 
brushed. 

Zinc Immersion+Sulphuric-Chromic 
strip, in accordance with invention. 

As-fabricated extrusion-wire scratch 
brushed. 

Zinc Immersion-FSulphuric-Chromic 
strip, in accordance with invention. 

aluminum strands on one __-__do ______ __ 
_____ o__..._._ 

No. 4 ACSR, 6/1 Cable, six {3,20O(I1JOl1IidS._ 
central steel strand O.D. =0.250". 

No. 4' AC‘SR, 6/1' Cable, six 3,100 pounds.. 
aluminum strands on one _____do ...... __ 
central steel strand O.D.=0.250". __-_-d0 ______ _. 

No. 1/0 ACSR Cable, six alumi- 3»5°° gums- 
num strands on‘ one central ‘""do """ " 
steel strand 0.D.=0.398”. ' -------- “ 

No. 1/0 ACSR Cable, six alumi- mtl’fuégi i°°t 1-33 1 8° 
num strands on one central 0 ‘(in ' 1 W 1 69 
steel strand O.D.=0.398’,’. """""" " ‘ ' 

#2 Solid, 1 wire O.D.=0.257”-_ _ 15 pound foot 0.75 0.82 
‘ torque. 

___.~_do__..._ _________________ . . - _____do _______ __ 0.81 0.74 

seconds, or a 25 to 40 percent by weight aqueous sul 
phuric acid- solution at room temperature for 5 to 15 
seconds. ~ > 

Electrical conductors, and pressure-attachable ?ttings 
employed therewith, for subsequent use in mechanical 
interfacial contacting pressure-restrained electrical joining 
are preferably, ‘but not necessarily, provided with a thin 
coating of a- conventional unctuous joint ‘compound, such 
as a protective mineral grease, to insure long storage life 
for the conditioned surfaces thereof. With and without 
the aforesaid grease ?lm, as-fabricated aluminum surfaced 
electrical conductors and ?ttings, treated and conditioned 
in accordance with the invention, have exhibited passive 
properties inert to the usual formation of non~conductive 
natural oxide surface ?lms over periods of extended stor 
age and following their assembly in the formation of 
low initial and extended electrical contact resistance me 
chanical joints. Aluminum conductor surfaces condi 

' tioned in accordance with the practice of the invention, 
as above described,‘ have also been observed to be more 
receptive to surface retention of conventional unctuous 
electrical. joint compounds, as compared to as-fabricated 
aluminum surfaces. 
The following table reports the results of laboratory 

controlled tests simulating actual installations of con 
ventional electrical conductor grade (EC) stranded alu 
minum steel reinforced (ACSR) and solid aluminum 
cables, to which conventional extruded and cast aluminum 
connector clamps were applied in pressure-restrained as 
sembly thereon to constitute rigid electrically conductive 
interfacial contacting mechanical joints. Two methods of 
applying the assembly pressure are indicated under the 
column heading “Clamping Force,” the reported “pounds” 
clamping force representing total pressures applied by 
direct reading hydraulic laboratory testing equipment, and 
the reported “pound foot torque”. identifying torque 
wrench applied loading through the conventional bolts of 
the parallel groove connector clamps employed in the 
tests, The resistance ratio values in every instance re-' 
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The resistance ratio values in all instances reported in 
the table establish a basis for direct comparison between 
pressure-restrained connector clamp assemblies incorpo 
rating at least one aluminum surface conditioned in ac 
cordance with the zinc immersion-acid strip treatments 
‘of the invention and identical connector clamps in the 
as-fabricated, wire scratch brushed or chemically cleaned 
condition. The resistance ratio values, after 500 repeated 
heat cycles, were determined following repeated electrical 

45 energization of the joint assemblies identi?ed‘therewith, 
interrupted at the end of each one-hour periodof en 
ergization and cooled to ambient temperature, employing 
an energizing current of 178 and 227 amperes,'respectively 
in the order of last two reported 6062 parallel groove 

50 connector clamp joint assemblies. 
The resistance ratio values reported in the aforesaid 

table establish lower electrical contact resistance for 
. joints ‘in which one of the interfacial contacting surfaces 
has been conditioned in accordance with the chemically 

55 produced z-inceimmersion-acid strip'treatments of the in 
vention, as compared to joints incorporating as-fabricated 
‘aluminum ‘surfaces and conventionally chemically cleaned 
aluminum surfaces. The table ‘also includes resistance 
ratio determinations for joint assemblies prepared in ac 

60 cordance with the invention which are quite comparable 
to the initial resistance ratio values reported therein for 
wire scratch brushed connector clamps, the latter treat 
ment having been accomplished by a time consuming 
and anything but economical> laboratory conducted me 

65 chanical scratch brushing treatment to actually remove a 
surface layer of aluminum and its contaminants before 
immediate assembly in a pressureerestrained interfacial 
contacting mechanical joint incorporating the scratch 
brushed‘ surface protected against oxidation by a thin 

70 coating of conventional unctuous joint compound. In 
respect of the wire scratch brushed joint assemblies re-, 
ported in the table, it is signi?cant to observe that both 
examples thereof have revealed higher'resistance ratio 
values after 500 repeated heat cycles, whereas theiden 

:75 tical joint assemblies conditioned in accordance with the 
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invention are characterized by lower resistance ratio 
values. 

Following the a-foredescribed chemically produced zinc 
immersion coating and acid strip treatments of the inven 
tion, electrical conductor contacting surfaces for inter 
facial contacting joints secured by pressure alone, have 
been regularly produced in an economical manner with 
attendant consistent improvement in electrical contact re 
sistance of joints incorporating at least one of such con 
ditioned surfaces. 
What I claim is: 
1. The method of joining an aluminum member to 

another electrically conductive member in the production 
of a mechanical pressure-restrained interfacial electrical 
joint assembly exhibiting low initial and extended elec 
trical contact resistance, the steps comprising; condition 
ing and passivating an as-fabricated surface of the alumi 
num member of the joint assembly ‘against substantial 
natural reoxidation by exposure to an aqueous solution 
of an alkali metal zincate to deposite a coating of zinc 
thereon, removing the deposited zinc coating by exposure 
to an oxy-acid stripping solution, ‘and thereafter secur 
ing the conditioned and passivated stripped aluminum sur 
face in pressure-restrained coextensive surface contact 
with the other electrically conductive member. 

2. In a mechanical pressure-restrained interfacial elec 
trical joint assembly between coextensive contacting sur 
faces of two electrically conductive metallic members, at 
least one member of which is aluminum, said joint assem 
bly exhibiting low initial and extended electrical contact 
resistance as compared to the same joint assembly incor 
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6 
porating the aluminum member in as-fabricated condi 
tion, said aluminum member having its as-fabricated sur 
face before incorporation in coextensive interfacial sur 
face contact with the surface of the other electrically 
conductive member in the joint assembly conditioned and 
passivated against substantial natural reoxidation by ex 
posure to an aqueous solution or" an alkali metal zincate 
to deposit a coating of zinc thereon followed by removal 
of the deposited zinc coating by exposure to an oxy-acid 
stripping solution, and clamping means securing the pres 
sure-restrained coextensive interfacial surface contacting 
joint assembly between the members. 
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