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3,806,366 
CONTINUOUS PICKLNG OF CASTROD 
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Original application Mar. 20, 1969, Ser. No. 808,976, now 
Patent No. 3,623,532. Divided and this application Jan. 
25, 1971, Ser, No. 109,421 

Int. C. C23g 1/02 
U.S. C. 134-3 

ABSTRACT OF THE DISCLOSURE 
A system for continuously quench-pickling cast rod 

from a continuous casting machine wherein molten metal 
is poured into a mold of a casting device and cooled and 
solidified into a continuous solid bar, the bar is elongated 
and reduced in its cross-sectional area to form con 
tinuous rod, and the rod is arranged in a coil. The sur 
face of the hot rod from the rolling mill is contacted with 
a pickling fluid, such as a citric acid solution, after the 
rod leaves the rolling mill and before the rod is arranged 
in a coil, to simultaneously quench and pickle the rod. 

15 Claims 

CROSS-REFERENCE TO RELATED APPLICATIONS 
This is a division of copending application Ser. No. 

808,976 filed Mar. 20, 1969, now U.S. Pat. No. 3,623,532. 
BACKGROUND OF THE INVENTION 

Hot rolled copper or copper alloy rod used in the 
manufacture of wire is usually formed into coils for con 
venient handling. The rod accumulates a surface scale or 
oxide when exposed to the atmosphere, and the scale is 
of variable composition but usually includes a mixture 
of cuprous (red) and cupric (black) oxides. Before the 
rod with such an oxide scale is used in the manufacture 
of wire, the scale should be completely removed so that 
the wire drawn from the rod will not contain patches of 
oxide, and so the oxides will not form scratches and sur 
face pits on the wire, and to increase the working life 
of the drawing tools used in the formation of the wire. 

In order to remove surface scale or oxide from the 
surface of copper base products, it has become common 
practice to "pickle' the products by contacting their sur 
faces with a pickling liquid, such as a solution including 
sulphuric acid, nitric acid, or other acids. One of the 
common methods of pickling a copper product is to 
immerse the product in a heated bath of pickling liquid, 
such as a 20 percent solution of sulphuric acid for a 
period of time up to 30 minutes. When pickling copper 
or copper base rod, the rod is usually formed into a 
loosely coiled package with its annulus of a density of 
approximately 25 percent of the density of the rod and 
the rod is immersed in a pickling bath. The low density 
package allows the bath to circulate between the coils 
of the rod so that the acid solution contacts all surfaces 
of the rod and functions to dissolve the oxide. If the 
annulus of coils is more dense, the coils must be pulled 
apart in the bath to assure proper liquid circulation. The 
dilute sulphuric acid readily dissolves the black oxide 
component of the scale, but only slowly attacks the red 
oxide, and leaves harmful deposits of copper powder and 
undecomposed scale on the rod. When the coils of rod are 
raised from the pickling bath, a high velocity stream of 
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liquid must be applied to the coils to beat a portion of the 
remaining red oxide from the surface of the rod. The coils 
are subsequently immersed in water to remove the acid 
from the surface of the rod. When the surface of the 
copper rod has been deoxidized in this manner, the rod 
can be stored and handled for extended periods of time, 
maybe 4 to 6 weeks, substantially without reoxidizing. 

Other descriptions of pickling copper products are 
set forth in U.S. Pat. No. 2,291,201 and in WIRE, 
Coburg, Germany, Issue 90, August 1967. 
While the foregoing processes of immersing copper 

rod in a pickling bath to remove surface oxide from 
the rod has been found to be successful to a limited extent, 
this pickling process is expensive in that it requires the 
use of heating equipment, large tanks of acid solution and 
water, handling equipment, plant space, and operators 
to perform the process. 

SUMMARY OF THE INVENTION 

Briefly described, the present invention comprises a 
method and apparatus for continuously quench-picking 
cast rod in a continuous casting process. The hot rod is 
quenched with a pickling fluid such as a 15 percent solu 
tion of citric acid and other copper salts after the rod 
leaves the rolling mill and before it reaches the coiler 
in such a manner that the pickling and quenching process 
is completed before the rod is coiled. The pickling process 
utilizes the heat of the rod as the rod is received from 
the rolling mill to avoid the necessity of heating the 
pickling fluid to speed up the reaction, and the quenching 
of the rod with the pickling liquid functions to rapidly 
cool and contract the rod and oxide to burst off a signifi 
cant proportion of the oxides and to allow the pickling 
liquid to penetrate the surface of the rod and reach and 
react with the deeply rooted oxides during the moment 
when the contractions occur. 

Thus, it is an object of this invention to provide a 
method and apparatus for continuously quench-pickling 
cast rod. 
Another object of this invention is to provide a method 

and apparatus for pickling cast rod which utilizes the heat 
of the rod as it leaves the rolling mill to assist in the 
pickling process. 
Another object of this invention is to provide a method 

and apparatus for quench-pickling a copper product in 
a continuous process which avoids the separate step of 
immersing the product in a pickling fluid. 

Another object of this invention is to provide appara 
tus for continuously pickling cast copper rod in a con 
tinuous casting system which is inexpensive to construct, 
maintain, and operate. 
Other objects, features, and advantages of the present 

invention will become apparent upon reading the foll 
lowing specification, when taken in conjunction with the 
accompanying drawing. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a schematic side elevation view of a continu 
ous casting system, showing the continuous pickling ap 
paratus. 

FIG. 2 is a schematic block diagram of the continuous 
pickling apparatus. 

FIG. 3 is a side cross-sectional view of the acid drain 
box of the continuous pickling system. 
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FIG. 4 is a side cross-sectional view of the middle acid 
injector of the continuous pickling system. 

FIG. 5 is a side cross-sectional view of the acid in 
jector and water drain of the continuous pickling system. 

FIG. 6 is a side cross-sectional view of the water in 
jector of the continuous pickling system. 

FIG. 7 is a side cross-sectional view of the wax ap 
plicator of the continuous pickling system. 

FIG. 8 is a side cross-sectional view of the rod guide 
mechanism for guiding the cast rod toward the coiler. 

FIG. 9 is an end cross-sectional view of the rod guide 
mechanism of FIG. 8. 

DESCRIPTION OF THE PREFERRED 
EMBOOMENT 

Referring now in more detail to the drawings, wherein 
like numerals indicate like parts throughout the Several 
views, FIG. 1 shows continuous casting system 10 which 
includes casting machine 11, rolling mill 12, acid drain 
box 14, middle acid injector 15, acid injector and Water 
drain 16, water injector 18, flaw detector 19, air limit 
switch 20, pinch rolls 21, wax applicator 22, rod guide 
mechanism 24, and coiler 25. Molten metal is formed 
into a cast bar in casting machine 11, the bar is rolled 
in rolling mill 12 which reduces the cross-sectional area 
of the bar and lengthens the bar to form cast rod, and the 
cast rod is then processed through the pickling apparatus 
14-24. Acid drain box 14, middle acid injector 15, acid 
injector and water drain 16, and water injector 18 are 
all connected to each other by rod conduits 26, 28, and 
29. The rod from rolling mill 12 passes through these 
conduits and is processed through pickling apparatus 
14-24. As the rod moves toward coiler 25, a flow of water 
is created between water injector 18 and acid injector and 
water drain 16 through rod conduit 29, and a flow of 
acid is created between acid injector and water drain 
16 and middle acid injector 15 through rod conduit 28, 
and from middle acid injector 15 to acid drain box 14 
through rod conduit 26. Thus, the water and acid utilized 
in pickling apparatus 14-24 is placed in a counter flow 
relationship with the rod passing through the system. 
When the rod is received from rolling mill 12, its tem 
perature is approximately 1,000 degrees Fahrenheit. The 
temperature of the pickling acid and water in the pickling 
apparatus 14-24 is significantly lower than that of the 
rod, and the pickling acid serves to simultaneously quench 
and pickle the rod. The counter flow relationship of the 
pickling acid and water with respect to the rod movement 
provides optimum cooling characteristics in the system. 

Acid drain box 
As is shown in FIG. 3, acid drain box 14 comprises 

housing 31 which is divided into air chamber 32 and acid 
knock-down chamber 34 by partition 35. Housing 14 
abuts the housing of rolling mill 12, and entrance wall 36, 
exit wall 38, and partition 35 each define aligned aper 
tures for receiving rod from the rolling mill. 

Air nozzle 39 which can be used with air, steam or 
other gases is positioned in air chamber 32 and extends 
through the opening of entrance wall 36. Air nozzle 39 
surrounds the path 40 through which the rod from rolling 
mill 12 is to pass. Air nozzle 39 includes cylindrical hous 
ing 41 located in abutment with entrance wall 36 and 
small diameter threaded portion 42 protrudes through the 
opening of entrance wall 36 into the housing of rolling 
mill 12. Nut 44 engages the external threads of threaded 
portion 42 to hold air nozzle 39 in place. Cylindrical hous 
ing 41 defines opening 45 which is placed in alignment 
with the path of travel 40 of the rod, and opening 45 is 
counter-bored at 46. Counter-bore 46 and opening 45 
merge together by means of tapered portion 48. Air supply 
pipe 49 communicates with counter-bore 46 through port 
50 in air nozzle housing 41. Nozzle insert 51 is threaded 
into counter-bore 46 and defines rod opening 52 which is 
in alignment with path 40 and rod opening 45 of air 
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4. 
nozzle housing 41. The inner end of nozzle 51 defines 
tapered portion 54 which is sized and shaped to mate 
with tapered portion 48 of air nozzle housing 41. The 
diameter of nozzle insert 51 is substantially equal to the 
diameter of counter-bore 46 of air nozzle 41 at their re 
spective threaded portions, and nozzle insert 51 is reduced 
in its outside diameter at 55, between tapered portion 54 
and threaded portion 56. Thus, an annular supply cham 
ber 58 is defined between nozzle insert 51 and air nozzle 
housing 41, which communicates with air supply pipe 
49. Flange 59 extends radially outwardly from the reduced 
diameter portion of nozzle insert 51 into annular supply 
chamber 58, and flange 59 is notched at spaced intervals 
around its periphery. Flange 59 functions as a control 
flange and is normally positioned in the vicinity of port 
50 of air nozzle housing 41. When nozzle insert 51 is 
moved to its fullest extent into air nozzle housing 41, 
flange 59 will move beyond port 50, and restrict the flow 
of fluid from air supply pipe 49. Also the tapered portion 
54 of nozzle insert 41 will be placed closely adjacent 
the tapered portion 48 of air nozzle housing 41, which 
also functions to limit the flow of fluid from annular 
supply chamber 58 into rod opening 45 of air nozzle 41. 
Thus, when high pressure air, steam or other gas is flow 
ing through air supply pipe 49 from the air supply, its 
volume of flow and flow velocity into rod opening 45 
can be controlled by moving nozzle insert 51 inwardly or 
outwardly of air nozzle housing 41. Once a desired setting 
has been attained, lock nut 60 can be rotated on the 
threads of nozzle insert 51 and forced against air nozzle 
housing 41 to lock nozzle insert 51 in place. 
Air nozzle 39 functions to receive rod from rolling mill 

12 through its rod opening 45, and to wipe or impinge 
the surface of the rod with an annular flow of air directed 
generally in the direction opposite to the direction of 
movement of the rod through air nozzle 39 and housing 
31. If any liquid, such as soluble oil from rolling mill 
12, is present on the surface of the rod, the flow of air 
through air nozzle 39 will tend to wipe the liquid off the 
surface of the rod, so that the rod received in housing 
31 will generally be dry and free of oil. 
As the rod moves along path 40 and passes from air 

nozzle 39 through housing 3, it will enter air nozzle 
61 which is similar to air nozzle 39, but attached to parti 
tion 45 so that it flows air along the length of the rod 
generally from air chamber 32 into acid knock-down 
chamber 34. 

Acid supply pipe 62 extends into acid knockdown cham 
ber 34 and projects toward path 40. Acid supply pipe 
62 terminates in nozzle 64 which functions to direct a 
spray of acid across path 40. Acid supply pipe commu 
nicates with a source of high pressure acid, and the 
spray emitted by nozzle 64 is a high velocity spray which 
functions to impinge upon the rod passing through acid 
drain box i4. Air nozzle 61 prevents the acid from acid 
knockdown chamber 34 from entering air chamber 32. 
Baffle plate 65 defines an aperture which surrounds path 
40, and guide socket 66 is located in the aperture and 
functions to guide the lead end of the rod initially enter 
ing the system from air nozzle 61 along path 40. Guide 
Socket 66 defines an annular converging opening 68 for 
this purpose. 
The bottom wall 69 of acid knock-down chamber 34 

slopes in a downward direction to form a catch basin for 
the acid flowing through acid supply pipe 62, and drain 
pipe 70 is connected to exit wall 38 and communicates 
with the catch basin to drain acid knock-down chamber 
34. Drain pipe 71 communicates with air chamber 32 
and functions to drain away any liquid present in this 
chamber. In some instances, the fluid flowing through 
air nozzles 39 and 6 will be steam or some other sat 
urated gas, which may leave a residue of liquid in air 
chamber 32. 
Rod conduit 26 is connected to exit wall 38 of housing 

31 and extends toward middle acid injector 15. Rod con 
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duit 26 is in alignment with path 40 of the rod and is 
of larger internal diameter than the external diameter of 
the rod. Middle acid injector 15 functions to flow acid 
through rod conduit 26 into acid knock-down chamber 
34 of acid drain box 14. Thus, the additional acid flow: 
ing through rod conduit 26 into housing 31 will be drained 
away from housing 31 by drain pipe 70. 

Middle acid injector 
As is best shown in FIG. 4, middle acid injector 15 

comprises housing 74 which includes top wall 75, bottom 
wall 76, entrance wall 78, and exit wall 79. Entrance wall 78 and exit wall 79 define aligned apertures positioned in 
alignment with rod path 40. Acid injector nozzle 80 is 
connected to entrance wall 78 and includes nozzle hous 
ing 81, nozzle adapter 82, and nozzle insert 84. Adapter 
82 and nozzle insert 84 each define rod openings 85 and 
86 which are in alignment with rod path 40. Rod opening 
85 of adapter 82 flares into tapered portion 88 while the 
outer surface of insert 84 converges into tapered portion 
89 which is sized and shaped to mate with tapered POE 
tion 88. Housing 81 defines threaded bore 90, into which 
insert 84 is threaded, and the counter bore 91. The annu 
lar space between insert 84 and counter bore 91 com 
prises annular supply chamber 92, and port 94 is con 
nected to acid supply pipe 95 and opens into annular 
supply chamber 92. The acid supply pipe 95 functions 
to communicate a source of high pressure acid with an 
nular supply chamber 92, and the acid flowing to annular 
supply chamber 92 flows between tapered portions 88 
and 89 of adapter 82 and insert 84, into rod opening 85 
of adapter 82, and along path 40 of the rod. The direction 
of flow of the acid flowing through the tapered annular 
orifice 96 formed by tapered portions 88 and 89, is gen 
erally along the length of path 40 into rod conduit 26, 
which functions to create a flow of acid through rod cont 
duit 26 along the length of the rod, toward acid drain 
box 14 in a counter flow relationship with respect to the 
movement of the rod. 

Acid flow accelerator 98 is connected to exit wall 79 
of housing 74, and comprises nozzle Spool 99 and hous 
ing 100. Nozzle spool 99 extends through the opening of 
exit wall 79 and defines opening 101 along its length, 
which is in alignment with path 40. Annular groove 102 is 
cut in the external surface of nozzle spool 99, and a 
plurality of apertures 104 extend from annular groove 
102 toward rod opening 101, at an angle extending toward 
housing 74. Acid flow accelerator housing 100 surrounds 
annular groove 102, and an annular Supply chamber 105 
is defined between housing 100 and nozzle spool 99. Acid 
supply pipe 106 communicates with port 108 which opens 
into annular supply chamber 105, and acid under pressure 
is supplied to annular supply chamber 105 and flows 
through apertures 104 into rod opening 101. Apertures 
104 are arranged so that the velocity of the acid flowing 
into rod opening 101 is in the direction of housing 74. 
which induces a fluid flow through rod opening 101 toward 
housing 74. Thus, any liquid present in rod conduit 28 
will be induced to flow toward housing 74. 

Drain conduit 109 is connected to housing 74 through 
bottom wall 76 and vent opening 110 is connected to 
housing 74 through top wall 75. Thus, any acid received 
in housing 74 from acid flow accelerator 98 or from rod 
conduit 28 will be drained away from housing 74 by 
drain conduit 109, and the gases present in housing 74 
will be allowed to exhaust through vent conduit 110. 

Acid injector and water drain 
As is best shown in FIG. 5, acid injector and water 

drain 16 comprises housing 111 which is divided by par 
titions 112 and 114 into acid injection chamber 115, 
water injection chamber 116, and separator chamber 117. 
Aligned apertures are formed in entrance wall 118, exit 
wall 119, and partition walls 112 and 114, and the various 
baffles and dividers in housing 111 around rod path 40. 
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6 
Acid injector nozzle 120 is connected to entrance wall 118 
of acid injection chamber 115. Acid injector nozzle 120 
is similar to acid injector nozzle 80 of middle acid in 
jector 15, and functions to flow acid into contact with 
and along the length of the rod passing through rod con 
duit 28 into housing 111. The flow of acid from acid in 
jector nozzle 120 is through rod conduit 28 toward middle 
acid injector 15, and the acid flowing through conduit 28 
flows into housing 74 of middle acid injector 15. 

Acid supply pipe 121 extends into acid injection cham 
ber 115, and terminates in nozzle 122. Acid supply pipe 
121 communicates with a source of high pressure acid, 
and nozzle 122 creates a high pressure knock-down spray 
which is directed toward rod path 40 and which functions 
to impinge acid on the rod passing through housing 111. 
Baffies 124 and 125 are suspended from top wall 126 of 
acid injection chamber 115 and are disposed on opposite 
sides of acid supply pipe 121. Guide socket 126 is placed 
in baffle 125 and functions to guide the lead end of the 
rod along path 40. Baffles 124 and 125 function to con 
fine the major portion of the spray and splashing of acid 
from acid supply pipe in the center portion of acid injec 
tion chamber 115. Vent conduit 128 also extends through 
top wall 126, and vents gases from acid injection chamber 
115. Drain conduit 129 is connected to bottom wall 130 
of acid injection chamber 115 and functions to drain the 
acid accumulated in acid injection chamber 115. 

Separator chamber 117 is divided into four subchambers 
by baffles 131, 132, and 134. Air nozzle 135 is connected 
to. partition 112 and is positioned in sub-chamber 136. 
Air nozzles 138 and 139 are connected to baffle 132 and 
partition 114, respectively, in sub-chambers 141 and 142, 
respectively. Air nozzles 135, 138, and 139 are similar to 
air nozzle 39 of acid drain box 14 (FIG. 3). Air nozzle 
135 is arranged to flow air from air supply pipe 144 and 
a sub-chamber 136 through partition 112 into acid in 
jection chamber 115. The flow of air in this direction 
functions to wipe the acid from the surface of the rod as 
the rod passes through partition 112 so the acid falls into 
acid injection chamber 115. 

After the rod leaves air nozzle 135, it passes through 
water nozzle 145 which is supported by baffle 131. Water 
nozzle 145 includes nozzle insert 146 and nozzle housing 
148. Nozzle insert includes enlarged flange 149, body por. 
tion 150, and reduced diameter portion 151. Flange 149 
is positionable on one side of baffle 131, and body portion 
150 and reduced diameter portion 151 extend into sub 
chamber 140. Nozzle housing 148 defines threaded bore 
152 and counter-bore 154. Threaded bore 152 threads 
onto reduced diameter portion 151 of nozzle insert 146, 
and counter-bore 154 defines with reduced diameter por 
tion of insert 146 annular supply chamber 155. Water 
supply pipe 156 communicates with a source of water 
under pressure and through port 158 in nozzle housing 
148, with annular supply chamber 155. A series of slots 
159 are defined in reduced diameter portion 151 of nozzle 
insert 146, which open into rod opening 160 of insert 146. 
Thus, the water supply to the annular supply chamber 
155 passes through slots 159 and into slot opening 160. 
In this manner, the rod passing along path 40 and through 
rod opening 160 of water nozzle 145 is inundated with 
high pressure water. The arrangement of slots 159 is such 
that the water emerging from water nozzle 145 will flow 
into sub-chamber 140. Waste drain 161 is connected to 
bottom wall 162 of separator chamber 118 and communi 
cates with sub-chambers 136 and 140 to drain any water 
and acid accumulating in these chambers. 
Air nozzle 138 is connected to baffle 132 in such a man 

ner that the air flowing from air conduit 164 into sub 
chamber 141 and air nozzle 138 flows in through baffle 
132 into sub-chamber 140, which functions to wipe the 
water from the surface of the rod as it passes through 
baffle 132. The water from the rod then falls into sub 
chamber 140 and is drained away through waste drain 
161. 
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Water nozzle 165 is similar to water nozzle 145 and is 
connected to baffle 134. The water flowing to water noz 
zle 165 through water supply pipe 166 impinges upon the 
rod passing along path 40 and falls into sub-chambers 
141 and 142. Water drain 168 is connected to bottom wall 
162 and communicates with both sub-chambers 141 and 
142, and functions to drain the water from these cham 
bers. 

Air nozzle 139 is connected to partition 114 in such a 
manner that the air flowing through air supply pipe 170 
passes through sub-chamber 42 and air nozzle 139 into 
water injection chamber 16. 
Water injection chamber 116 includes water supply 

pipe 171 which is connected to a source of high pressure 
water and which terminates in nozzle 172. Nozzle 172 
is positioned adjacent to rod path 40, and functions to 
create a high pressure water knock-down spray which 
functions to impinge high velocity water on the rod pass 
ing through water injection chamber 116. Bafile 174 is 
suspended down from top wall 173, and guide socket 
175 is positioned in concentric relationship with path 40, 
and functions to guide the leading end of the rod along 
path 40. Baffle 174 functions to isolate the major portion 
of water turbulence from the water knock-down spray 
away from vent 179. Drain conduit 176 is connected to 
bottom wall 78 of water injection 116, and functions to 
drain the water away from this chamber. Vent conduit 
179 is connected to top wall 173, and functions to ex 
haust the gases from water injection chamber 116. Rod 
conduit 29 is connected to exit wall 119, and rod conduit 
29 is of larger diameter than the rod which is to be passed 
through housing 111. 

Water injector 
As is best shown in FIG. 6, water injector 18 comprises 

housing 181, water nozzle 82, and air nozzle 184. Water 
nozzle 182 is connected to entrance wall 185 and is similar 
to acid injector nozzle 80 of FIG. 4. Air nozzle 184 is 
connected to exit wall 186 and is similar to air nozzle 
39 of FIG. 3. Vent conduit 188 is connected to top wall 
189 of housing 81, and drain conduit 190 is connected 
to bottom wall 19 of housing 81. Water inlet conduit 
192 communicates with the source of high pressure water 
and flows water into contact with and along the length 
of rod passing through water injector 18. The direction 
of flow of the water passing from water injector 182 is 
from housing 18 through rod conduit 29 back toward 
water injection chamber 116 of acid injector and water 
drain. 16. The flow of air from air nozzle 184 is toward 
housing 181, and the flow functions to wipe the water 
from the rod passing through housing 181 so that the 
water falls to the bottom of housing 18 and flows out 
drain conduit 90. 

Wax applicator 
As is best shown in FIG. 7, wax applicator 22 com 

prises housing 194 which is divided by baffles 195 and 
196 into chambers 198, 199, and 200. Entrance wall 201, 
exit wall 202, and baffles 95 and 196 each define aligned 
openings about rod path 40, so that the rod can pass 
through housing 194. Guide socket 204 is supported in 
entrance wall 201 and functions to guide the leading end 
of the rod along path 40. Wax nozzle 105 is positioned in 
chamber 198 and supported from baffle 195. Wax nozzle 
205 is similar to air nozzle 39 of FIG. 3, and wax supply 
conduit 206 communicates with a source of wax under 
pressure and with wax nozzle 205, to supply wax nozzle 
205 with liquid wax. The arrangement of wax nozzle 205 
is that the wax flows onto and along the surface of the 
rod passing along path 40, generally in the direction from 
chamber 198 into chamber 99. Drain conduit 208 is con 
nected to bottom wall 209 of housing 194, and the wax 
falling away from the rod is drained from housing 194 and 
recirculated to wax supply pipe 206. Guide socket 210 is 
positioned in baffle 196 and functions to guide the leading 
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8 
end of the rod along path 40. Baffles 195 and 196 func 
tion to confine the major portion of the turbulence of 
the wax passing from wax nozzle 205 within chamber 
199. 
Air nozzle 211 is connected to exit wall 202 of housing 

194 and is similar to air nozzle 39 of FIG. 3. Air nozzle 
211 is connected to air supply conduit 212, and is ar 
ranged to flow air from outside housing 194 through exit 
wall 202 and into the chamber 200. The flow of air through 
the air nozzle 211 functions to wipe the wax from the 
surface of the rod passing through housing 194, so that 
the rod will be relatively dry as it emerges from air noz 
zle 211. Vent conduit 214 is connected to top wall 215 
of housing 194 and functions to exhaust air and gases from 
housing 194. 

Rod guide mechanism 

As is best shown in FIG. 8, the rod passing from wax 
applicator 22 passes into rod guide mechanism 24, which 
functions to guide the rod from a substantially horizontal 
direction of movement toward a substantially vertical 
direction of movement. As it is shown in FIG. 9, rod 
guide mechanism 24 includes arcuate side plates 215 and 
216 which support a series of spaced rollers 218, and 
arcuate rod conduit 219. Arcuate rod conduit 219 is gen 
erally tubular and defines a series of spaced slots 220 
along its upper convex surface. Rollers 218 are supported 
by arcuate side plates 215 and 216 so that their periph 
eries extend into slots 220. The arrangement is such 
that the concave inner portion of the arc defined by the 
inner surface of rod conduit 219 around the arc formed 
by rod guide mechanism 24 has a series of rollers dis 
placed inwardly from the concave surface. The rod pass 
ing through rod conduit 19 normally engages the concave 
surface of the arc formed by rod conduit 219 except for 
the presence of rollers 218. Rollers 218 function to hold 
the rod away from the surface of rod conduit 219, and 
isolate the rod from the sliding friction it normally 
would encounter when it engages the surface of rod 
conduit 219. Rollers 218 are mounted on ball bearings 
and are relatively friction-free. Thus, the rod passing 
through rod guide mechanism 24 is directed through a 
90° arc with a minimum of friction. 

Rollers 218 are spaced at approximate 10 intervals 
from each other through the arc defined by the rod guide 
mechanism. This close spacing of the rollers is such that 
the initial leading end of the rod passing through the 
system will normally not engage the surface of rod con 
duit 219 of rod guide mechanism 24, but will be posi 
tively guided in a downward direction by the rollers. In 
the event that the leading end of the rod is deformed and 
difficult to manage in rod guide mechanism 24, the slotted 
arrangement of rod guide conduit 219 is such that the 
inner concave surface of the rod guide conduit that the 
rod would normally engage in a tube without rollers, 
functions to assure that the leading end of the rod is 
guided properly to the next roller and the rod won't pass 
on the wrong side of the roller or pass toward the axis 
of the roller. 

Entrance guide tube 221 is connected to arcuate rod 
conduit 219 along rod path 40. The end 222 of entrance 
guide tube 221 adjacent wax applicator 22 is flared out 
wardly and functions to receive the leading end of the 
rod passing along path 40 and guide the rod into rod 
guide mechanism. 24. Similarly, exit guide tube 224 is 
positioned adjacent the vertical end of rod guide mechan 
ism 24, and includes a flared end 225 which receives the 
rod from rod guide mechanism 24. Exit guide tube 224 
guides a rod in a vertical direction toward the coiler 25. 

Rollers 28a and 218b at the horizontal end of rod 
guide mechanism 24 are in horizontal alignment with 
entrance guide tube 221. Roller 218b is the first roller 
in the series of rollers which is positioned in the 90 
degree arc between entrance guide tube 221 and exit 
guide tube 224. The subsequent rollers in rod guide 
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mechanism 24 are positioned at a constant radius of 
curvature within the arc defined by rod guide mechanism 
24. Thus, rollers 218a and 218b function to positively 
receive the rod passing through rod guide mechanism 24 
before rod guide mechanism 24 imparts a curve to the 
rod. This prevents entrance guide tube 221 from encoun 
tering any significant sliding motion with respect to the 
rod. 
The rod passing through the exit guide tube 224 from 

rod guide mechanism 24 will have some curve imparted 
thereto due to its passage through rod guide mechanism 
24; however, the weight of the rod extending in a vertical 
direction below exit guide tube 224 is such that it tends 
to straighten the rod and remove the curvature therefron. 
Thus, the curvature of the rod is not a significant prob 
lem and does not function to damage exit guide tube 224 
or engage exit guide tube 224 with significant friction. 
Furthermore, the rod coiling mechanism 25 functions 
to guide the rod in a vertically downward direction from 
exit guide tube 224. 

Flow system 

As is best shown in FIG. 2, acid drain box 14, middle 
acid injector 15, and acid injector and water drain 16 
are supplied with acid from acid supply tank 226 through 
a series of conduits. Pump 228 passes the acid from acid 
supply tank 226 through heat exchanger 229 to the various 
acid supply pipes of the system. Cool water is flowed 
through heat exchanger 229 to maintain the acid in a 
relatively col state. Of course, the acid picks up heat from 
the rod as it passes through the system, and must be 
cooled again in heat exchanger 229 before its reuse. 
Various valves are placed in the acid supply lines to reg 
ulate the flow of the acid passing through the various 
components of the system. 
Water supply tank 230 provides water for the various 

elements that utilize water in the system. Pump 231 
passes water from water supply tank 230 through heat 
exchanger 232, and then to the various water conduits in 
the system. Valves are provided in the conduit for reg 
ulating the flow of water. Cool water is passed through 
heat exchanger 232 to maintain the water used in the 
system at a relatively cool temperature. Of course, the 
water is recirculated from the system, and must be cooled 
again in heat exchanger 232 before its reuse. 
Wax supply tank 234 provides a source of liquid wax 

for wax applicator 22. Pump 235 flows the wax from 
wax supply tank 234 to wax applicator 22 and the Wax is 
recirculated back to supply tank 234. 
Conduit 71 of acid drain box 14 and conduit 161 of 

acid injector and water drain are the only conduits which 
duct waste material away from the system. The remain 
ing liquids of the system are recirculated and reused. 

Flaw detector 19 is positioned downstream of water 
injector 18 at a point where the rod emerging from the 
system has been pickled and cleaned and reduced in tem 
perature, and if any flaws are present in the rod, flaw 
detector 19 is positioned at an optimum location for its 
detection function. 
Air limit switch 20 is positioned adjacent flaw detector 

19, and functions to cause pinch rollers 21 to engage the 
rod as it passes through the system. Pinch rollers 21 
function to create a tension in the rod back toward roll 
ing mill 12, so that no cobbles or flaws will occur in the 
rod. Furthermore, pinch rollers 21 assure that the rod 
will pass through rod guide mechanism 24 without hav 
ing any friction from rod guide mechanism 24 being 
transmitted back toward rolling mill 12. 
Wax applicator 22 is positioned just ahead of rod guide 

mechanism 24 and functions to apply the wax material 
on the surface of the rod before the rod enters rod guide 
mechanism 24. Thus, the rod not only has an oxidizing 
inhibitor applied to its surface but the surface of the rod 
passing through rod guide mechanism 24 has relatively 
low coefficients of sliding and rolling friction, which 
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10 
tends to further reduce the possibility of the rod cobbling 
in the system. 
The concentration of the copper in solution in acid 

supply tank 226 is controlled by the use of an electrolytic 
cell (not shown) during the recirculation of the acid 
through the system. The regeneration of the acid is pro 
portional to the amount of copper taken out of the acid 
by the cell. Thus, the acid is continuously reconditioned 
so as to be suitable in the pickling process. 
To supplement the operation of the electrolytic cell, 

suitable sequestering and complexing agents can be added 
to the bath, such as sodium citrate, ammonium hydroxide, 
and creme of tartar. These agents help to control the pH 
of the pickling solution, increase the solubility of copper 
complex and avoid salt precipitation, improve current 
conductivity within the pickling solution, and extend the 
operating parameters of the pickling solution. For in 
stance, if a 10 percent citric acid solution is adjusted by 
adding sodium citrate until the pH of the solution is 
changed from pH 1.85 to pH 4.00, then the reaction 
equilibrium is shifted so that the copper solubility of the 
acid becomes approximately 40.00 gms. Cutt/l., as op 
posed to 5.0 gms. Cutt/l. for pH 1.85. 

In the present system, a 10 to 15 percent concentra 
tion citric acid solution is utilized as the pickling acid. 
This particular pickling liquid has been found to be inex 
pensive, safe and easy to handle, and performs a superior 
pickling function with the system. When the system is 
producing as much as 30 tons of rod per hour, 336 gallons 
per minute of pickling acid and water have been pumped 
through the system which included a wet path of approxi 
mately 40 feet of rod travel with a counterflow relation 
ship. The characteristics of the rod were found superior 
to rod characteristics normally created by the previously 
known immersion pickling process and the rod emerged 
from the pickling apparatus at a temperature of less than 
200 degrees Fahrenheit. Of course, various other volumes 
of pickling liquid and water can be utilized, along with 
different lengths of wet path to achieve approximately the 
same results, with the only limitations appearing to be 
that enough pickling acid of high enough concentration 
must be utilized to sufficiently react with the copper oxide 
of the surface of the rod. Of course, the pickling fluid 
functions to quench the rod as well as to perform the 
desired pickling function. Also, the water utilized in the 
system functions to further cool the rod as well as to clean 
the acid from the surface of the rod. 

By increasing the wet path of the acid conduit a lower 
acid concentration can be used, and when a higher acid 
concentration is used, a shorter acid path can be used. 
In order to achieve optimum quench-pickling, the acid 
concentration during the most rapid and high tempera 
ture portion of the quenching of the rod should be high 
enough to pickle the rod. The optimum range of acid con 
centration in citric acid pickling solutions has been found 
to be from five percent to twenty-five percent acid, with 
lower acid concentrations not functioning adequately to 
properly pickle the rod as the quenching occurs and with 
little improvement in rod texture being achieved with 
higher concentrations. The temperature of the water and 
acid solution and the length of the wet path should be 
sufficient to reduce the temperature of the rod to below 
200 degrees Fahrenheit to prohibit reoxidation of the rod. 
For instance, with the temperature of the pickling solu 
tion and water at 140 degrees Fahrenheit going into the 
conduit and at 170 degrees Fahrenheit coming out, or an 
average temperature of 155 degrees Fahrenheit for both 
liquids, and with a production rate of 12.5 tons of rod 
per hour or 1232 feet per minute of rod through the 
conduit, with water and acid passing at a rate of 125 gal 
lons per minute through the conduit, and with the rod 
entrance temperature of 1100 degrees Fahrenheit, the tem 
perature of the rod from a 21 foot conduit is 193 degrees 
Fahrenheit, from a 30 foot conduit is 164 degrees Fahren 
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heit, and from a 40 foot conduit is 157 degrees Fahren 
heit. The entrance temperature of the rod can be reduced 
to below 700 degrees Fahrenheit and the quench-pickling 
of the rod will still produce an acceptably pickled product. 
While a 10 percent citric acid solution has been utilized 

and is considered to be within the optimum range of acid 
concentration for the purpose set forth, it should be under 
stood that various other acid concentrations may be 
utilized, as well as different pickling solutions, such as 
tartaric acid, gluconic acid, sulfuric acid, and itaconic 
acid, as well as other solutions of aconitic, citraconic, or 
other acidic derivatives from thermal citric acid decom 
position. Generally speaking, the pickling solution should 
be non-toxic less aggressive than mineral acids, and should 
be an excellent sequestering agent. Of course, the acid 
concentration and flow characteristics of the system can 
be adjusted for the particular acid being utilized in the 
system. 
While air has been disclosed as the "wiping' fluid in 

the various air nozzles, it should be understood that steam 
and various other gases are suitable for the process and 
usable with the values illustrated. 
While the system has been set forth in specific detail 

as relating to continuous casting of rod, it will be under 
stood by those skilled in the art that the concept of con 
tinuously treating the rod is applicable to other products, 
including flat stock, tubing and other copper products. 
Furthermore, the quench-pickling treatment can be used 
in a non-continuous process, by reheating a rod or other 
copper product and immersing the product in a pickling 
solution as a batch, or by continuously passing the prod 
uct through a solution. It is not necessary that the product 
retain its residual heat from its casting process, since the 
process functions adequately when the product has been 
reheated. 
While a water soluble wax has been disclosed as being 

applied to the rod as it passes through wax applicator 22, 
a soluble oil solution or other preservative liquid can be 
applied to the rod at this point if desired. 
At this point, it should be apparent that the quench 

pickling process herein disclosed provides a continuous 
method of pickling copper rod without the necessity of 
the usual expensive equipment required in the old batch 
process. The surface texture of the rod treated in this 
manner is superior to the batch process, and the coils 
formed from the rod can be wound very densely to form 
smaller packages which are more convenient to handle 
and less expensive to ship since it is not necessary to cir 
culate the pickling solution through the coiled rod. 

It will be obvious to those skilled in the art that many 
variations may be made in the embodiments chosen for 
the purpose of illustrating the present invention without 
departing from the scope thereof as defined by the ap 
pended claims. 
We claim: 
1. A method of treating metal rod comprising passing 

the rod along its length through a predetermined path, 
wiping the rod with a flow of high velocity fluid at a first 
station, impinging the rod with a flow of high velocity 
dilute acid pickling solution at a second station, flowing 
pickling solution in contact with and along the length of 
the rod in the direction opposite to the movement of the 
rod from a third station toward the second station, flowing 
pickling solution in contact with and along the length of 
the rod from a fourth station toward the third station, im 
pinging the rod with a flow of high velocity pickling solu 
tion at a fifth station, alternately wiping the rod with flows 
of air and water at a sixth station, flowing water in contact 
with and along the length of the rod from a seventh station 
toward the sixth station, and coating the surface of the rod 
with a protective material at an eighth station. 

2. The method of claim 1 wherein said dilute acid used 
for pickling is a mild organic acid which is continuously 
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2 
recirculated and treated for removal of excess copper ions 
therefrom. 

3. The method of claim 2 wherein said organic acid is 
citric acid, said pickling solution also including a se 
questering agent. 

4. A continuous method of cleaning an elongated oxid 
ized copper article such as rod, or the like, and alloys 
thereof comprising the steps: 

continuously moving said oxidized copper article 
through a predetermined path at a temperature in ex 
cess of 700 F.; 

wiping the surface of said hot copper article with a 
high velocity fluid; 

quenching said moving oxidized copper with contin 
uously flowing colder dilute acid pickling solution to 
rapidly reduce the surface temperature to below 200 
F. and inducing stresses in the oxidized layer of 
said rod to burst off a significant portion of the sur 
face oxides and to expose the tightly adhering oxides 
thereunder to said pickling solution; 

simultaneously reacting said stressed oxidized layer and 
underlying oxide layer with said flowing colder acid 
pickling solution for a time sufficient to effect substan 
tial removal of said underlying oxidized layer; 

contacting said copper article with a cleaning fluid to 
remove said pickling solution and loosely adhering 
oxidized particles; and 

applying a protective coating to said clean surface. 
5. The method according to claim 4 wherein said acid 

pickling solution comprises from 5 to 25% acid taken from 
the group consisting essentially of tartaric acid, gluconic 
acid, Sulfuric acid, itaconic acid, aconitic acid, citric acid 
and citraconic acid. 

6. The method according to claim 4 wherein said acid 
pickling solution comprises from 5 to 25% citric acid, 

7. The method according to claim 4 wherein said acid 
pickling solution further includes a sequestering agent to 
control the concentration level of copper in solution. 

8. The method according to claim 4 wherein said acid 
pickling solution is continuously recirculated to maintain 
a substantially constant pH and range of copper content 
in said solution. 

9. The method of claim 4 wherein said wiping step is 
carried out with high velocity gas and said cleaning fluid 
applied after quenching in water. 

10. The method of claim 4 wherein the further step of 
air drying the surface of said copper article is carried out 
prior to applying a protective coating to the cleaned article, 
Said protective coating being a wax. 

11. The method of claim 4 wherein said pickling solu 
tion comprises a mild organic acid and a sequestering 
agent for controlling the copper content therein. 

12. The method of claim 4 wherein said copper article 
being cleaned is a copper rod or alloy thereof, said finally 
cleaned copper rod is continuously coiled after being 
cleaned. 

13. The method of claim 4 wherein the article surface 
is coated with a water soluble wax and thereafter wiped 
with air. 

14. The method of claim 1 wherein the step of passing 
the rod along its length through a predetermined path in 
cludes the step of engaging the rod with driving rollers 
between the seventh and eighth stations to urge the rod 
along its path. 

15. The method of claim 14 including the step of ro 
tating the driving rollers at a speed slightly higher than 
the movement of the rod along its path to create tension 
in the rod between the first and seventh stations. 
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