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2,697,050
“"RECIRCULATION OF WASTE 'PICKLE ‘LIQUOR

‘Roger ‘Ray ‘Barnes, ‘Sparrows Point, ‘Md., assignor ito
‘Béthlechem Steel ‘Company, ‘a ‘'corporation -of Penn-
‘sylvania

sApplication :June |23, 1949, Serial. No. 100,932
13 ‘Claims. :(Cl..134—15)

This .invention :relates to .improvements .in process :0f
-and .apparatus. for pickling .metal, and is particularly .di-
rected: to an.improvement in-a-process-of .and apparatus
for.pickling:metal such-as continuous strip .metal-or.metal
articles of general .uniformity wherein .the .metal .moves
.continuously” through .the pickling .apparatus .while. simil-
taneously :the pickling solution .thereof is being .continu-
-ously: recrrculated therethrough.

The:prior.art.discloses .numerous specific .examples -of
-so-calted continuous pickling .and .it was early .adapted
for the pickling.of steel.sheets. _Patents 1, 392,780 "and
1,392,781 -were granted to:-Marsh.ét al.in 1921, covering
.a. rnethod of and apparatus. for .continuously .picklingin-
dividual steel sheets .one after another. ~There followed
in'1925 a Patent 1,544,506 to Tytus disclosing the weld-
-ing:together ofﬁrndrvrdual metal..sheets .to form .a Strip
which srmphﬂed ‘the ypicKling :6f ‘the sheets in'.a.continu-
ous process. Next Fellows in his :Patent '1,837:159 of
1931 disclosed a method .of .and apparatus for, processing
sstrip smetdl. These .eafly .inventors . paved the way _for
-the methods.of and .apparatus for the-present day. pickling
of commercial “broad. strip .metal .used “in :large . guan-

- titles -by "the.industrial. arts.

The :present ‘day practice in .the pickling of continu-
-ous strip metal is ‘believed ‘to be;largely “carried . on under
-methods :of and . apparatus ‘for plcklmg Jdisclosed in :one

-or- more Jof tthe “following “patents: 2,;155:854 to "Barnes
et al."of "April 25, 1939; 2,166;583 to" “Critten: of Tuly 18,
1939; and. 2,216,54.4 to True of October -1,,1940. “Bach
of ‘these rpatents “disclose “improvements.-along different

lines:of -approach-to*the old:and well ’known problem of -

‘the‘econamical and efficient use of -and disposal of+the.used
“or, sso-called.~spent ‘pickle " solution -per “se. The patent
“‘to“Barnes et-al.is ‘characterized by continuous regeneration

:of the pickle solutionby:continuously withdrawing a;por-

itien of:the- prckhng solution ‘from-the pickling bath .and*in :

cooling this -poriion* to reduce’its’ “Fferrous "stlphate zcon-
.centration ‘béfore returning it to-the *bath:for reuse. "The
‘patent'to Critten’is characterized'by the'provision .of extra
‘tadk -capacity abeve-that ‘neededl ‘to ‘maintdin “a continu-
‘ous‘piekling gperation, and as the pickling solution-of a
stagk becomes rinéfficient forits - position means -are -pro-
+videdfortemporarily taking this:tank-out of use-without
Hnterfering ‘with the-apparatus-assaswholewhile:its ‘con-
“tentstare'being dischargedito afirsttafk, antd-the emptied
tafik’is thenvrechargedwith ﬁshmrckhng ssolution and
-returned‘toservice. “The; plekhng ‘solution: 'drscharged to
‘the *first ‘tank “is-“further -used ‘theréin -until ﬁnally X~
thausted and istthenfindlly discharged-to-waste. “The, pat-
ventto Truelis characterrzed"by means “for - contmuously
picKling strip *metdl “comprising -a -plurality -of -pic¢kling
stanks and meansifor successivély:transferring pickling:so-
“lution*from-a“last tank ‘to- apreceding one’contra the pas-
sage~af thezmetal<strip unfil the said-picklingsolution*is
drscharged to *waste *fromithe Hirst :tark “theresf. “Sum-
smarizéd—Barnes :et “4l. ~regenerates ‘the pickling sclu-
“tion continuously “by:stlphate - removal ‘ theréfrom; “Crit-
iten and True:represent:different methods6f: batch utiliza-
“tion‘to 'a pdint-of sulphate concentration:mo“longer:con-
«§fdered +€fficient in+their apparatuses
My ‘invention ‘Hes_in van “improvement “in:;process ~of
amd Lapparatus ‘for pickling“continuous ;stijp -or ithe " Jlike
“iéharacterizéd ‘in "having the -pickling “solufion *in *its wen-
“tirety contmuously wrediretitated ‘through ithe vapparatus
s§tmultaneously-with movement® ‘therethraugh -df-the metal

Mo “be :pickled “without- the spedific :regeneration . afithe g
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vvprcklm’g selutmn*as a* whdie ‘as:is- essenﬁalm °the“‘typ1ca1‘ .

2
prior art disclosures of .Marsh -et. al.; .Fellows; .and
.Barnes .et.al,; nor:of .the -batch disposal ‘methods. of the

.so-called . spent; solution - essential in the typical prior art

disclosures .af - Tytus, Critten; and True.
“My “invention is further ‘characterized .by its adapta-

.bility .to ;maintain a substantially .constant uniformity in

‘the. physical . and. in the .chemical characteristics . of -the
spickling .solution .in its entirety .during .the pickling .op-
eration. "To those skilled in the art it will be.obvious

-that .operating.under known.constant. volume .of ‘pickling

solution in continuous.recircilation :that desired .changes
in the chemical make-up thereof .may be made:by a with-
drawn .poertion-.thereof . being replaced .by 'an:equal -vol-
ume 6f predetermined value-with respect.to acid and sul-

. phate concentration. Furthermore by reason of :;con-

tinuous enforced recirculation of the entire- pickling solu-

_tion through the apparatus there:is.a continuous-mixing
-effect _brought. abont by the .frictional resistances to rela-

‘tive flow between the pickling solution and the contairing
.surfaces-of the*taznks ‘and their. interconnected piping, .and
between the, .pickling solution anrl the.relatively . rapidly
.moving metal, and that these mixing .effects: are further
accentuated” by the turbulence set up by pump :eperation
Jn gyclically returning -the prcklmg solution to -the in-
coming end - of "the tank system. “This :continuous and
‘rapid mixing effect throughout . the extent .of ‘the pickling
-apparatus ‘likewise “tends ‘to. rapidly . stabilize the . desired
-regulated temperature.of the pickling solution -after with-
drawals' from and “replacements .to-the pickling solution
‘have been'mdde. ~“Furthermore this continuous-and rapid
‘intermixing‘is effectiveregardless ~of ~whether “the ~pas-
‘sage of the metal through the pickling apparatus.isinthe
“direction .of ‘the ‘flow -of :the ‘pickling solution or contra
‘thereof; and-also regardless-asto the use of -a single long
'_picklirrg'tank or of ‘a plurality of tarks interconnected:for
-unidirectional flow -therein.

T have -found that- this  adaptability to maintain ‘sub-
stantial .stability. of the entire pickling solution'through
_continuous-recirculation enables ‘me ‘to control -the pick-
ling operation  thereof :with assured efﬁc1ency, and to- op-
eratewith a pronounced €COnomy Over- the “oncesthrougn
type ‘of operation.of the .prior .art° with ‘respect *to * the
amount of usable-acid" that is‘finally . drscharged ‘to. waste.
Tt is also-sélf-evidert -that -the .¢limination -of '4ll ‘auxil-
‘iary -processes ‘of and :apparatuses ‘for the regeneration
of ‘'the :pickling ‘sélution common in ‘the:prior art:resilts
Ain further ‘economy.

Jt:is therefore-a prlmary object of my-invention ‘to-pro-
vide improvemernts in -process -of and -apparatus ‘for - the

-pickling-of metal:passing continuously ‘through-a pickling
.solution marntamed at plcklmg strength wheréin ‘the -said
+pickling solution ‘in-its entirety ‘is'being continuously ‘re-

-circulated successwely through - 1ts container means ‘and

“its ‘interconnecting’ piping -means “in - such -a ‘manner that

‘theusual “process-steps ‘for and -apparatuses for the re-
‘duction of ferrous: sulphate: concentration -and for ‘batch

‘improvement rare~eliminated -as essential -¢lements ‘in -the

said pickling apparatus.

Tt-is-a further-object of :my* mventron tosconstruct an
~apparatus “for-pickling -strip ‘metal - passing-continuously
.through:a pi¢kling:selution:maintdinéd at pickling strength,
wheréin ‘the ssaid: pickling :sélution 4s ‘being continuonsly
recirciilated successively through a pickling ‘tank system
‘therecf ‘and: from the outvomg end -of _said tank system
‘gyclically returned-to'the incoming end.of sdid tarfk system
-solély through interconnected piping means under -ener-

: grzed flow.

Tt “is ~anather ~object - 6f “my -invention ‘to' maintain a
‘desired uniformity -of -pickling strength “in ‘said -continu-
-ously-recirculated-pickling solution by making.withdrawals

_from .and-replacements- to:said-pickling.solution of prede-

termined volumetric' values and -of predetermmed -acid
.concenfration ‘thereof “based-an-titrations, made :at stated

Jintervals during the-course of the pickling operation.

Fuither objects”and advantages-will be apparent. from

~the “following ‘description “wherein "detdils of ‘design .and

operation -will ‘he _given “in “full =with -reference to ‘the

~ageompanying, drawrngs fllustrating the, préferred embodi-

‘ment “of +my “invention, sand -wherein . similar - reference

-:numerals “designate= sunﬂar'patts Jthroyghout “the ;several
“Wiews.
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Fig. 1 is a drawing showing in diagrammatic lorm a
side elevation of apparatus embodying my invention for
the pickling of continuous strip metal, and disclosing in
schematic form a suitable strip actuating means as here-
inafter referred to and described,

Fig. 2 is a drawing showing in diagrammatic form a
side elevation of apparatus in part section illustrating a
preferred embodiment of my invention for the pickling of
continuous strip metal,

Fig. 3 is a plan view thereof with the metal strip and
its actuating mechanism removed and showing in particu-
lar the recirculation flow of the pickling solution through
the apparatus,

Fig. 4 is an enlarged fragmentary section of the overflow
29 taken along the line 4—4 of Fig. 3,

Fig. 5 is a plan view in full of Fig. 4,

Fig. 6 is an enlarged fragmentary section of the air-jet
pump taken along the line 6—6 of Fig. 3, and

Fig. 7 is an enlarged fragmentary view taken along the
line 7—7 of Fig. 6.

Referring now to the drawings and more particularly
for the moment to Fig. 1, the numeral 10 designates the
complete ensemble of an apparatus for pickling continu-
ous strip metal embodying essential units of my invention.
As shown in Fig. 1 the apparatus 10 comprises two sub-
stantially independent units-—a strip actuating means 11,
and a pickling unit 12.

The strip actuating means 11 forms no part of my inven-
tion except to the extent in which it is an essential cooper-
ating element along with the equally essential pickling
unit 12 in a complete pickling system. The strip actuating
means 11 in a pickling apparatus 10 embodying my inven-
tion may be of any suitable construction adapted to con-
tinuously pass metal strips through and submerged in a
pickling solution of the pickling unit 12 per se, and there-
through in either direction with respect to the flow there-
through of the recirculating pickling solution. The specific
showing of Fig. 1 with regard to this latter relationship
of the strip actuating means 11 and of the pickling unit 12
is a modification of my invention and not a limitaticn
thereto.

Typical strip actuating means are disclosed in Letters
Patent 1,765,498 granted to Naugle et al. June 24, 1930,
and reference may be made thereto for the details thereof.
In Fig. 1 I have schematically indicated such a suitable
strip actuating unit as including a guide roll 13 (7) from
which the work strip 14 under treatment is here shown as
being directed into the forward end of an elongated pick-
ling tank 15 (8), and held in submergence therein in the
pickling solution 16 (8a4) by guide roll 17 (8b), and
supported therein on rolls 18 (8¢) while it is moving end-
wise therethrough. The work strip 14 is continuously
drawn through the tank 15 (8) and leaves the opposite
end thereof under the direction of guide rolls 19 (12a)
and under the driving action of the power driven pinch
rolls 20 (14). These elements are old and well known
in the art, and the numerals appearing in parentheses are
those used to designate the same parts in the above noted
Patent 1,765,498, granted to Naugle et al., June 24, 1930,
to which reference may be had for disclosure in full of a
suitable strip actuating means 11.

In Fig. 1 I have shown my invention embodied in a
pickling unit 12 comprising a single long tank 15. In
Figs. 2 and 3 I show a preferred embodiment of my
invention as applied to a pickling unit comprising a plu-
rality of pickling tanks 21, 22, 23, and 24 interconnected
for liquid flow therethrough successively from the first
tank 21 to the last tank 24 by means of interconuecting
pipes 25, 26, and 27 respectively. It is obvious that the
pipes 25, 26, and 27 are unnecessary in Fig. 1, and since
otherwise the apparatuses in Fig. 1 and in Figs. 2 and 3
are identical, that a description of my invention as applied
to Figs. 2 and 3 will suffice for a clear understanding of
its adaptation to the single long tank 15 of Fig. 1.

As shown in Figs. 2 and 3 the outgoing end of the tank
24 comprises the pipe 28 communicating the interior of
the tank 24 with the interior of the safety overflow 29.
Referring now to Figs. 4 and 5—the safety overflow 29
comprises a pipe-like -open-top container 30 having an
inlet opening 31 from the pipe 28 near its bottom 32
thereof. Rising within the container 30 and attached to
the bottom 32 thereof is a smaller diameter open-top
pipe 33 having its top peripheral edge 34 extending above
the inlet opening 3% but spaced from and below the top
35 of the container 30. An emergency outlet overflow
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pipe 36 has its discharge opening 37 through the wall of
the container 3¢ spaced from and above the top 34 of the
pipe 33 but below the top 35 of the container 30. An
outlet opening 38 in the vottom 32 of the container 30
and within the confines of the pipe 33 communicates the
container 3® and the inner pipe 33 with the solution
gravity flow interconnecting pipe 39.

The interconnecting pipe 39 (Fig. 2) slopes down-
wardly from the safety overflow 29 at the solution out-
going end of tank 24 to communicate with the connecting
pipe 40 of the solution elevating piping 41 at the solution
incoming end of tank 21. The solution elevating piping
41 comprises the connecting pipe 40 communicating the
interconnecting pipe 39 with each of the two air-jet ele-
vating pipes 42 and 43 rising vertically to outlet ends
44 and 45 respectively adapted to discharge into the
solution incoming end of tank 21. At their lower ends
the elevating pipes 42 and 43 extend downwardly below
the connecting pipe 49 to communicate with the air pipe
46 and from air-jet pump chambers 47 and 48. The air-
jet pump structure is shown in enlarged detail in Figs.
6 and 7 for pump chamber 47 and is equally applicable
for pump chamber 48. The air-jet pump chamber 47
comprises a diaphragm 49 disposed transverse the down-
ward extension of the elevation pipe 42 and below the
communicating cpening 30 in the connecting pipe 48.
The diaphragm 49 is perforated with a plurality of pas-
sageways 51 of relatively small diameter. Below the
diaphragm 49 the pump chamber 47 is contracted to form
a passageway 52 communicating with the air pipe 46. The
air pipe 46 communicates with a source of air under pres-
sure (not shown) and is provided with a control valve
means 53.

My invention is adapted to utilize certain conventional
operating means for the heating of the pickling solution,
and for making withdrawals from and replacements to
the said pickling solution in the tanks. As examples of
such means the Figs. 1, 2, and 3 indicate for use in each
of the tanks 15 of Fig. 1, and 21, 22, 23, and 24 of Figs.
2 and 3 of heating pipes 54 for injecting live steam into
the pickling solution; acid pipes 55 and water pipes 56
for convenience in adding pickling solution; and drain
pipes 57 for making pickling solution withdrawals from
said vats. FEach of the pipes 54, 55, 56, and 57 are pro-
vided with suitable valve control means 58, 59, 60, and
61 respectively.

The work strip of Fig. 2 is shown being guided into and
out of the individual pickling tanks 21, 22, 23, and 24
by strip actuating means similar to that shown in Fig. 1,
and it is to be understood that when the pickling ap-
paratus is in operation the work strip is being con-
tinuously passed through the pickling apparatus of Fig.
2 by similar means as shown and described for Fig. 1,
and its structure need not be here repeated.

In preparation for the pickling of continuous strip
metal the pickling unit 12 of my invention will have
been filled with suitable pickling solution to its operating
capacity as determined by the height of the overflow
peripheral edge 34 of the open-top pipe 33 of the safety
overflow 29. In filling the tank or tanks of the pickling
unit 12 the pickling solution will seek its level through-
out the extent thereof including the safety overflow 29
in communication with the outgoing end of the tank
system thereof. When the solution level in the unit 12
reaches the level of the overflow edge 34 and continues
to rise the excess thereabove will discharge over the edge
34 and flow downwardly through the interconnecting
pipe 39 to the solution elevating piping 41 at the incom-
ing end of the tank system, and will then rise in the
air-jet elevating pipes 42 and 43 until the solution level
in unit 12 is reached. At this stage a slight operating
excess is allowed in the unit 12 by setting the solution
level therein at an intermediate height between the over-
flow edge 34 and the emergency overflow pipe 36 of
the safety overflow 29 sufficient to maintain the con-
tinuous recirculation of the pickling solution within the
pickling unit 12 at the capacity of the air-jet pumps when
in operation. With the pickling unit 12 suitably filled
with pickling solution it may be put into recirculating
operation by opening the air control valve 53 to air
pressure, thereby putting the air-jet pumps 47 and 48
into action, whereby the entire body of pickling solu-
tion in the pickling unit 12 is placed in continuous
cyclical recirculating flow due to the discharge of the
air-jet pumps flowing the pickling solution into the in-
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coming end -of :and through ‘the itank ;system, -and thence
-sucuessively through ithe -safety overflow .29, ‘the Jnter-
connecting pipe 39, the solution selevating piping 41, :and
tback -again into- the ssqlution sincoming -end of the .tank

system, :and whence in :comtinuous mepetxtmn <of this -

soychical zecirculation ithrough -the pickling unit -12.

“With :the :pickling wunit 42 /in 'recirculating -operation
-and ithe :pickling solution propeily heated o sthe .desired
-temperature by meaus of the heating pxpes 54 under .con-
“trol iof the valves :58, ithe:strip :actuating wnit 14 :is mext
placed :in operation 1o .continuously :pass 'metal :strip
thraugh -and :submerged :in the pickling -solution 'of ‘the
-pickling :unit 12.

. During :the ;pickling opax:a*tlon titrations are made at

different points inrthe vat system:and-at -stated intervals.

of time. Based on :these observations withdrawals from
ithe sclution body and replacements thereto wof acid iand
water @re imade sin :suitdble proportions o ‘modify and
‘méintain the pickling strength thereof in accordance 'with
the operating wequirements of  the :specific awork :strip
mdergoing treatment. A certain constant less .of
volumetric x:apaoxty :due :to ;the dragent of :the :strip :is
compensated for in :the additions made. If live :steam
jets -are msed :as the. heating: means ‘the condensate ‘there-
from tends o :offset the dragout Joss, ;and a contmuous
:addition :of ;a small flow .of swater may be used to mam-
-tainthe vat.capacity in batance.

T claim: :

1. Apparatus for ‘pickling .continnous metal -strip,
:comprising -elongated ‘tank :means wadapted ‘with -inlet
piping means for contmuously passing :a regulated :quan-
tity of pickling solution into a first end of said tank

10

15

30

means :and with outlet piping means for continuously -

discharging -an equivalent -gquantity -of pickling solution
from its opposite end thereof wheréby a continuously
flowing pickling bath is maintained therebetween, 'means
for continuously passing metal .strip submerged fin -said
“hath ‘therethrough, interconnecting ipiping means com-
mumicating.said outlet piping means with saidinlet piping
:means, said finterconnecting piping ‘means being adapted
-for energized flow .of pickling selution itherethrough for
«delivery to-said inlet piping.means -whereby the pickling
salntion in its entirety within said.apparatus is cyclically
:maintained in continuons recirculation therethrough, and
‘means for heating said pickling. solution.

2. Apparatus for pickling contimueus metal ‘strip,
comprising a plurality of pickling tanks suitably inter-
connected for continuous liquid flow successively from
a first one to a last one thereof, said first one of said tanks
being adapted with inlet piping means for continuously
passing a regulated quantity of pickling solution into said
first tank, and said last one of said tanks being adapted
with outlet piping means for continuously - discharging
therefrom an equivalent quantity of pickling solution

to that received in said first tank whereby a continuously

flowing pickling bath is maintained flowing successively
through said tanks, means for continuously passing said
metal strip submerged in said bath through each of said
tanks, interconnecting pining means communicating said
outlet piping means with said inlet piping means, said
interconnecting pining means being adapted . for ener-
gized flow of pickling solution therethrough for delivery
to said inlet piping means whereby the pickling solution
in its entirety within said apparatus is cyclically main-
tained in continuous recirculation therethrough, and
means for heating said pickling solution.

3. Apparatus for pickling metal, comprising elon-
gated tank means adapted with inlet piping means for
continuously passing a regulated quantity of pickling
solution into a first end of said tank means and with
outlet piping means for continuously discharging an
equivalent ' quantity of pickling solution from its op-
posite end thereof whereby a continuously flowing
pickling bath is maintained therebetween, said outlet
piping means comprising means for maintaining an oper-
ating solution level in said tank means, means for con-
tinuously passing metal submerged in said bath there-
through, interconnecting piping means communicating
said outlet piping means with said inlet piping means,
said interconnecting piping means being adapted for en-
ergized flow of pickling solution therethrough for
delivery to said inlet piping means whereby the pickling
solution within said apparatus is cyclically maintained
in continuous recirculation therethrough, and means for

_ heating said pickling solution.
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4, Apparatus . for. “plcklmg scontinuous metdl strip,
womprising :elongated gank means mdapted -with inlet
'piping means for .continuowsly passing:a. regulated quan-
#ity sof ‘pickling »solution irso a first wend «wof said :tank

smeans and with :outlet piping:means for continnously :dis-

¢harging an equivalent quantity -ofipickling solution: drom
its <opposite ‘end thereof “whereby :a :continuouly flowing
pickling -bath :is mmaintained ‘therebetween, said -outlet
‘piping :means: comprising means for.maintaining an oper-
-ating ssohution leVEl sin . said tank ‘means, imeans for :con-
tinnously passing 'metal sstrip. submerged .in said -bath
therethrongh, mtencannectmg spiping . uneans commum—
cating .said outlet piping means with ssaid -inlet piping
means, ;said ;interconnecting :piping 'means being :adapted
for enm:glzed flow of pickling solution thersthrough for

-delivery :to said.inlet ;piping :means whereby the :pickling

solution within:said apparatus is cyolically smaintained -in
-continuous :recircujation stherethrough, :and means for
sheating said pickling :solution.

Apparatus for pickling continuous metal strip,:cem-

'zgmising;afplmrality:ofxpigkﬂing;“tanks-.suita&bly:interconnected
“for continuous liquid flow :successively from :a first -one

10 .a Jast ione thereof, said first cone cf said tanks ‘being
sadapted ‘with inlet:piping means for continuously passing
a regnlated guantity of :pickling isolution into said first
tank, ami said fast one of ;said tanks being adapted with
mutlet ipiping means :for continnously <discharging there-
from wan eguivalent guantity -of jpickling solution ito that
received inusaid first-tank whereby awcontinwously flowing
pickling bath is maintained flowing successively: through
waid tanks, said- outlet \plplng TIeans [comprising means
ifor maintaining an:operating :sotution level in said tanks,
areansfor wontinnously:passing said:metal Strip: submerged
in :said drath through each wof said ‘tanks, ‘interconnecting
piping means .communicating said outlet piping :means

‘with suid inlet :piping  means, waid imxterconnecting :piping
-means being adapted for «ensrgized flow of: plcklmg solu-

tion therethrough for-delivery:to ssaid inlet piping means
whereby the :pickling ‘solution within ‘said :apparatus is

cyoclically -maintained sin .continuous recirculation there-

throngh,;and means-Tor heating said pickling solution.
‘6. . Apparatus.for pickling .metal, comprising €longated

-tank aneans adapted swith inlet jpiping -means for .con-
‘tinuously passing:a regulated squantity .of pickling solution

into :a-first end of said tank imeans and with outlet piping
mreansifor:contimuously dischargingan equivalent.quantity
-of pickling solutton ‘from its opposite end thereof where-
by a continuously flowing pickling bath is maintained
therebetween, said outlet plpmg means comprlsmg means
for maintaining an operating solution level in said tank
means and means for discharging to waste abnormal ex-
cess solution level therem, means for continuously pass-
ing metal submerged in said bath therethrough, intercon-
necting piping means communicating said outlet piping
means with said inlet piping means, said interconnecting
piping means being adapted for energized flow of pickling
solution therethrough for delivery to said inlet piping
means whereby the pickling solution within said appara-
tus is cyclically maintained in continuous recirculation
therethrough, and means for heating said pickling solu-
tion.

7. Apparatus for pickling continuous metal strip, com-
prising elongated tank means adapted with inlet piping
means for continuously passing a regulated quantity of
pickling solution into a first end of said tank means and
with outlet piping means for continuously discharging an
equivalent quantity of pickling solution from its opposite
end thereof whereby a continuously flowing pickling bath
is maintained therebetween, said outlet piping means com-
prising means for maintaining an operating solution level
in said tank means and means for discharging to waste
abnormal excess solution level therein, means for con-
tinuously passing metal strip submerged in said bath there-
through, interconnecting piping means communicating
said outlet piping means with said inlet piping means, said
interconnecting piping means being adapted for energized
flow of pickling solution therethrough for delivery to said
inlet piping means whrereby the pickling solution within
said apparatus is cyclically maintained in continuous re-
circulation therethrough, and means for heating said
pickling solution.

8. Apparatus for pickling continuous metal strip, com-
prising a plurality of pickling tanks suitably interconnected
for continuous liquid flow successively from a first one

3 to a last one thereof, said first one of said tanks being
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adapted with inlet piping means for continuously passing
a regulated quantity of pickling solution into said first
tank, and said last one of said tanks being adapted with
outlet piping means for continuously discharging there-
from an equivalent quantity of pickling solution to that
received in said first tank whereby a continuously flowing
pickling bath is maintained flowing successively through
said tanks, said outlet piping means comprising means for
maintaining an operating solution level in said tanks and
means for discharging to waste abnormal excess solution
level therein, means for continuously passing said metal
strip submerged in said bath through each of said tanks,
interconnecting piping means communicating said outlet
piping means with said inlet piping means, said intercon-
necting piping means being adapted for energized flow
of pickling solution therethrough for delivery to said in-
let piping means whereby the pickling solution within said
apparatus is cyclically maintained in continuous recir-
culation therethrough, and means for heating said pickling
solution.

9. A process for the pickling of metal continuously
passing immersed through a pickling bath, comprising
the energizing of the pickling solution of said pickling
bath in its entirety for continuous cyclical recirculation

through said bath and for repetitively immersed contact ¢

with said metal, and regulating the chemical character-
istics of said pickling solution by making periodic with-
drawals from and replacements thereto of predetermined
volumetric and acid concentration values thereof during
said pickling operation. )

10. A process for the pickling of strip metal continuous-
ly passing immersed through a pickling bath, comprising
the energizing of the pickling solution of said pickling
bath in its entirety for continuous cyclical recirculation

through said bath and for repetitively immersed contact

with said metal strip, maintaining a substantially uniform
regulable temperature of said pickling solution, and reg-
ulating the chemical characteristics of said pickling solu-
tion by making periodic withdrawals from and replace-

ments thereto of predetermined volumetric and acid con- <

centration values thereof during said pickling operation.

11. A process for the pickling of metal continuously
passing through a longitudinally disposed pickling bath,
comprising the heating of and the energizing-for-flow of
the pickling solution of said pickling bath in its entirety
for continuous unidirectional cyclical recirculation
through said bath and through bath terminals intercon-
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-necting return conduit therefor, thereby effecting uniform

heating of said pickling solution and repetitively immersed
contact thereof with said metal.

12.. A process for the pickling of metal continuously
passing through a longitudinally disposed pickling bath,
comprising.- the heating of and the energizing-for-flow
of the pickling solution of said pickling bath in its en-
tirety for continuous unidirectional cyclical recirculation
through said bath and through bath terminals intercon-
necting return conduit therefor, thereby effecting uniform
heating of said pickling solution and repetitively immersed
contact thereof with said metal, and regulating the
chemical characteristics of said pickling solution by mak-
ing periodic withdrawals from and replacements thereto
of predetermined volumetric and acid concentration values
thereof during said pickling operation.

13. A process for the pickling of metal continuously
passing through a longitudinally disposed pickling bath,
comprising the heating of and the energizing-for-flow
of the pickling solution of said pickling bath in its entirety
for continuous unidirectional cyclical recirculation
through said bath and through bath terminals intercon-
necting return conduit therefor, thereby effecting uniform
heating of said pickling solution and repetitively im-
mersed contact thereof with said metal, maintaining a sub-
stantially uniform regulable temperature of said heated
pickling solution, and regulating the chemical character-
istics of said pickling solution by making periodic with-
drawals from and replacements thereto of predetermined
volumetric and acid concentration values thereof during
said pickling operation.
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