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FOMPLETE SPECIFICATION.

Improvemenfs relating to the Coating of Metals.

We, NATIONAL STEEL CORPORATION, a
Corporation organised and existing under
the laws of the State of Delaware,- United
States of America, of 2800, Grant Building,
Pitisburgh 19, Pennsylvania, United States
of America, (Assignece of JonN THOMAS

_ MAYHEW), do bereby declare the invention,

for which we pray that a patent may be

- granted to us, and the method by which it

is to be performed, to be particularly des-
cribed in and by the following statement:—

This invention is concerned with improve-
ments in continuous-strip molten metal
coaling operations. In one of its more
specific aspects, it is concerned with main-
taining a controlled temperature differential
in a continuous-strip hot-dip coating metal

- bath.

Continuous-strip galvanizing lines can be

divided, for purposes of applying this in- -

vention, into two types — the preheat or
“hot™ strip type line which heats the strip
in the line prior to coating in the galvaniz-

ing bath and the “cold” strip type line which .

heats the sirip in the galvanizing bath. Pre-
heat type lines include a number of process
steps in a single line thereby reducing coil
handling. They usually include an anneal-
ing or other type of heat treatment which
may be combined with cleaning and other
treatments, in addition to hot-dip coating,
in a continuous-strip operation. The strip
is prcheated and adds at least-a portion of
the required heat to the bath whercas, with
a “‘cold” type line, the strip takes heat from
the bath.. o

The present invention can be useful in

" both hot strip and cold strip type lines but

will be described in connection with preheat
lines which at present are more common. -
. . A persistent problem with preheat type
lines which seriously limits line speed is

oo [Priceds. 6d.]

overheating of the bath. This causes thin-
ning of. galvanizing spelter, draping of the
coating applied, and uneven, non-uniform
coaling surfaces. .

There are other circumstances in hot-dip
coating where the temperature of the. bath
must be above optimum coating temperature
for the particular coating metal,

The present invention provides a continu-
ous strip hot-dip metal coating process in

45

50

which heat is continuously added to a -

molten bath of coating metal to obtain a
coating metal temperature substantially

55

above the melting temperature of the

coating metal in a major portion of
the metal bath and a portion of the

molten bath of coating metal is cooled

to maintain a zone of cooled coating
‘metal bhaving a temperature substantially

. lower than the major portion of the molten.

bath of coating metal, the process including
the steps of moving metallic strip through
the major portion of the molten coating
metal bath and then through thé zone of

65

cooled coating metal, and controlling the .
coating weight of molten ceating metal on -

the strip upon delivery from the zone of
cooled coating metal.

The invention includes continuous strip
hot-dip metal coating apparatus comprising
hot-dip ‘coating means including a coating
bath for containing molten coating metal,
means for introducing metallic strip into
and for delivering metallic strip from the
coating bath, means for heating the metallic
strip before delivering the strip to the coat-
ing bath to a temperature above the melt-
ing temperature of the coating metal, cool-
ant means in the molten coating metal, the
coolant means being located to define a

. cooled zone of molten coating metal conti-

- guous with the travel path of strip approach-
ing delivery from the .coating bath, means

70
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'steel strlp by a protective atmosphere con-

trol 30 and venting provided, for example,
at strip entry into the controlled atmosphere.
A 209% to 80% hydrogen content atmos-
phere is maintained in the transfer zone with
the percentage being selectable based on
strip temperature available. Low-tempera-
ture strip ordinarily requires a higher hydro-
gen content atmosphere to prevent oxida-
tion, If heat.is available, the temperature
of the strip and the temperature in the chute
can be maintained high in order to save on
hydrogen. Tn general, high strip tempera-
ture is desired both for heat.treating and
strip cleaning purposes.

The chute 24 can be insulated to maintain
the heat of the strip during transfer. The
chute 24 can ‘also include hcaling means
and heat control 32. The temperature of
the strip can then be maintained at a parti-
cular level based on percentage of hydro-
gen in the chute atmosphere. Proper co-

. ordination of these values is necessary in

order to ob*ain and maintain good coating
adhesion with continuous-strip galvanizing
lines of the preheat type.

In addition to the above atmosphere and
heat control problems. efficient control of a
preheat type line is extremely complex be-
cause of the combination of processes in-
volved. Rarely are present lines able to
use their entire cleaning, annealing or other
heat treatment capacities and run et speeds
of which the line is capable. In the past,
the coating operation at the hot-dip coating
pot has been the chief lnmmng factor on
lme speed and line capacity for continuous-

finish,*and related matters.
One effect of hot spelter is a gritty finish

95

on the galvanized steel strip. This is be-

lieved to be due to an increase in dissolved
iron with increases in bath temperature.
Hot spelter also causes fouling of coating
weight conirol rolls, which further mars the
galvanize coating finish and destroys coat-

ing uniformity. The present invention sub-

"100

stantially eliminates the problem of gritty

coating on strip, regardless of the type of
coating weight control used, and substanti-
ally alleviates problems associated with foul-
ing of coating weight control rolls. The
usual marks caused by coating weight con-
trol rolls are also substantially reduced.

As referred to above, the preheat type
lines have serious problems associated with
changes in strip temperature, speced or
gauge. Each change will vary pot tempera-
ture and affect coating weight control. These
problems are believed to be associated with
changes in bath viscosity: however, this

subject has never been satisfactorily ex-.

plored. And it need never be. since the
problems stemming from changes in strip
temperature, speed and gauge can be
avoided by the present invention.

Ideally, galvanizing snelter shrnld have a

temperature around 840°F. to 860°F. in a
preheat type line. When heavier coating
is required, a temperature around 820°F.
can be used. The galvanizing spelter re-
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ferred to is conventional and can include -
low-percentage aluminum additions (about

-0.1% to 0.39%) and small percentages of

lead, antimony, cadmium, tin, and other
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4D25he stnp travels upwardly toward the

coating weight control unit which include
coating rolls 41 and 42. While approach-

! ing the coating weight control unit, the’
- strip passes through a cooled spelter zone
- 44 shown in dotted lines. Here, spelter of

35

the desired temperature is applied to the
strip.

At times on conventional preheat type
lines, the galvanizing bath temperature goes
above 860°F. and can vary from approxi-
mately 900°F. to 960°F. and higher, de-
pending upon the gauge of the strip, the
speed of the line, etc. However, the tem-
perature of coating metal inthe cooled
spelter zone 44 is readily controlled and can
be accurately maintained at the ideal tem-
perature required, such temperature being

800°F. as previously described, while the

E temperature of the remainder of the bath
" rises substantially above 860°F. The tem-

perature regulator can be relatively simple

. and can be automated so that a simple con-
¢ trol eliminates the complex problems of co-

ordinating a plurality of processes and coat-

555 ing problems associated with changes in

line speed, strip gauge and temperature.
Conduits, such as 46, 48, 52 and 54, are

- submerged in {he moiten galvamzmg bath to

create and maintain a zone of cooled spelter

- contiguous with the travel path of steel

strip as it approaches exit from the molten

~ galvanizing bath. Flow control of coolant,
which can be water. in bath-submerged con-

duits and the number of conduits help to
define the zone 44 and its properties.
Thc temperature of the coating metal
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Widghmatab apydisd tsmmk ipf makiag it
impossible to get the desired heavy coating.
For many years, guard rail stock was
made on the old sheet pots rather than on 95
continuous lines in order to get more coat-
ing metal on the product. With recent non-
draping improvements (sce United States
Patent No. 3,104,981 to John T. Mayhew), -
guard rail stock and the like can be made 100
on certain types of continuous-strip galvaniz- .
ing lines. The product has been limited to
a coating of around two and one-half ounces
per square foot (total, both sides) produced
at line speeds around fifty-five to seventy 105 -
feet per minute. On the same type lines,
using the present invention, line speeds
around eighty-five feet per minute can pro-
duce stock having a coating weight of three . -
to four ounces per square foot (total, both 110 -
sides)- and higher, with a cooled spelter
zone maintained at 840°F. to 860°F. _

By maintaining the cooled spelter zone at
approximately 820°F., the coating on heavy
stock can be increased further. At higher 115 -
strip speeds, e.g. one hundred and thirty :
feet per minute, coatings of six ounces per
square foot (total, both sides) can be readily
obtained.

‘The problem of thin coating and run- 120
ning of the coating is not limited to heavy
stock. Running or draping of the coating
occurred- in the past at substantially all coat- .
ing thicknesses when the coating metal tem- "

!

perature exceeded 860°F.  This draping 125

effect can be observed more readily. on
lighter coating wetghts when a minimized-
spangle treatment is applied. Markings on

the strip which become apparent are com-
mon]y referred to as “tiger stripes”. Thls 130
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RhénO s ré@ired toGifive # hikh Rri
perature and a high bath temperature in
order to produce the desired coaling and,
at the same time, it is desired to coat at
optimum coating bath tempecrature and de-

. Tiver strip from the bath ncar optimum coat-

ing temperature. An example of this is the
alloy coating process described in the co-
pending British Patent Application No.

25064 /65 (Serial No. 1,116,222). Such un-

usual coating pot requjrements can be
accurately satisfied by the present inveniion.
Control of a cooled spelier zone can be

exercised partially by controlling the quan-

tity of fluid flow in individual conduits.
Figure 3 schematically illustrates a frontal
view of coating apparatus in which a fluid
coolant conduit 56 employs a flow control
valve 58. The conduit 56 is surrounded by
a heat transfer and protective jacket 60
which is filled with lead 62. The lead be-
comes molten when the bath cooler is put
into use and is a good heat conductor. The
jacket 60 is a protection against accidental
leakage where the coolant is a liquid such
as water. .

In practice, a plurality .of conduits are
used to define the zone and control the tem-
perature of the cooled spelter. Varying
heat exchange requirements are met pri-
marily by varying the number of submerged

conduits in use, since excessive flow of

coolant through too limited: a number of
conduits will merely result in freezing of
spelter on an exterior bath-contact surface

of the conduit(s).
- When control of fluid coolant flow is’

manual, the flow should be terminated when
the line is stopped. Flow should be di-
minished when line speed is diminished
or heat additions to the pot are otherwise
reduced. Howcver, the present system can
be readily automated by
measurement of spclter zone temperature,
e.g. by use of a continuous measurement

- temperature gauge such as 64 in Figure 3.

Signals from the temperature gauge 64 to
temperature control apparatus 66 can be
used to control the flow valve 58 or a plur-
ality of valves to maintain the desired tem-
perature in the cooled spelter zone. With
this arrangement, the coating operation, in
a multiple-process continuous-strip line, can
be standardized despite variations in other

line processes or variations in the product:

being treated.

Whilst the invention has been described
in - its application to continuous-strip
galvanizing, the invention may be useful in

continuous -
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added to a molten bath of coating metal to
'obtain a coating metal temperature substan-

~ tially above the melting temperature of the
coating metal in a major portion of the.

metal bath and a portion of the molten
bath of coating metal is cooled to maintain
a zone of cooled coating metal having a
temperature substantially lower than the

major portion of the molten bath of coating .

metal, the process including the steps of
moving metallic strip through the major por-
tion of the molten coating metal bath and
then through the zone of cooled coating
metal, and controlling the coating weight
of molten coating metal on the strip upon
delivery from' the zone of cooled coating
metal. . .

2. A coaling process as claimed in claim
1 in which the strip is steel strip.

3. A coating process as claimed in claim
2 wherein the molten bath of coating metal
comprises galvanizing spelter the major por-
tion of which is heated to a temperature
substantially above 860°F and the zone of
cooled spelter is maintained in a tempera-
ture range between 800°F and 860°F,
inclusive. _

4. A coating process as claimed in claim
1, 2 or 3 wherein the cooled portion of the
molten bath of coating metal is cooled by
coolant means contacting the molten bath
in the zone of cooled coating metal.

5. A coating process as claimed in claim

1, 2 or 3 wherein the portion of the molten

bath of coating metal is cooled by coolant
flow through conduit means submerged in
the molten bath of coating metal.

6. A coating process as claimed in any
of claims 1 to 5 in which heat is continu-
ously added to the bath of coating metal by
heating the strip ‘to a temperature above
the temperature of the major portion of the
bath prior to entry of the strip into the bath.

7.. A coating process as claimed in any
of claims 1 to 6 in which the coating weight
is controlled by means of coating rolls.

8. A continuous strip hot-dip metal
coating processes substantially as herein
described with reference to the accompany-
ing drawings. .
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9. Metallic strip when metal coated by .

the process claimed in any of claims 1 to 8.
10. Galvanized flat rolled steel coated

‘with a bright smooth-finish galvanized coat-

ing of substantially uniform coating weight
on both surfaces of the base metal by the
process claimed in any of claims 1 to 8,
with total coating weight on both surfaces
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leakage where the coolant is a liquid such
as water.

In practice, a plurality of conduits are
used to define the zone and control the tem-
perature of the cooled - spelter. Varying
heat exchange requirements are met pri-
marily by varying the number of submerged
conduits” in use, since excessive flow of
coolant through too limited a number of
conduits will mercly result in freezing of
spelter on an exterior bath-contact surface
of the conduit(s).

When control of fluid coolant flow is
manual, the flow should be terminated when
the line is stopped. Flow should be di-
minished when line spced is diminished
or heat additions to the pot are otherwise
reduced. Howcver, the present system can
be readily automated by
measurcment of spelter zone temperature,
e.g. by use of a continuous measurement
temperature gauge such as 64 in Figure 3.
Signals from the temperature gauge 64 to
temperature control apparatus 66 can be
used to control the flow valve 58 or a plur-
ality of valves to maintain the desired tem-
perature in the cooled spelter zone. With
this arrangement, the coating operation, in
a multiple-process continuous-strip line, can
be standardized despite variations in other
line processes or variations in the product
being treated.

Whllst the invention has been described

- its application to continuous-strip
galvamzmg. the invention may be useful in

continuous -
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1 in which the stripSis @l

lt
%ﬁ iR ?&m hHr T
@f which is heated to a temperature
substantially above 860°F and the zone of
cooled spelter is maintained in a tempera-
ture range between 800°F and 860°F,
inclusive.

4. A coating process as claimed in claim
1, 2 or 3 wherein the cooled portion of the
molten bath of coating metal is cooled by
coolant means contacting the molten bath
in the zone of cooled coating metal.

.5. A coating process as claimed in claim
1, 2 or 3 wherein the portion of the molten'
bath of coating metal is cooled by coolant
flow through conduit means submerged in
the molten bath of coating metal.

6. A coating process as claimed in any
of claims 1 to 5 in which heat is continu-
ously added to the bath of coating metal by
heating the strip ‘to a temperature above
the temperature of the major portion of the
bath prior to entry of the strip into the bath.

7. . A coating process as claimed in any
of claims 1 to 6 in which the coating weight
is controlled by means of coating rolls.

8. A continuous strip hot-dip metal
coating processes substantially as herein
described with reference to the accompany-
ing drawings.

9. Metallic strip when metal coated by
the process claimed in any of claims 1 to 8.

10. Galvanized flat rolled steel coated
with a bright smooth-finish galvanized coat-
ing of substantially uniform coating weight
on both surfaces of the base metal by the
process claimed in any of claims 1 to 8,
with total coating weight on both surfaces
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being in the range of three to six ounces of
galvanized coating per square foot of base
metal inclusive.

11. Continuous strip hot-dip metal coat-
ing apparatus comprising hot-dip coating
means including a coating bath fer con-
taining molten coating metal, means for
introducing metallic strip into and for de-
livering metallic strip from the coating bath,
means for heating the metallic strip before
delivering the strip to the coating bath to
. temperature above the melting tempera-
ture of the coating metal, coolant means
in the molten coating metal, the coolant

means being located to define a cooled -

zone of molten coating metal contiguous

- with the travel path of strip approaching

20
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delivery from the coating bath, means for
providing fluid coolant for the coolant
means, and means for controlling coating

‘weight on the strip upon.delivery from the

coating bath. .

. 12. Coating apparatus as claimed in

claim 11 wherein the coolant means include

at least one conduit for fluid coolant fiow

submerged in the molten coating metal.
13. Coating apparatus as claimed in

‘claim 11 or 12 wherein means are pro-

vided for controlling fluid coolant flow re-

sponsively to the temperature of the cooled

Zone of molten coating metal.

. coating

14. Coating apparatus as claimed in
claim 11, 12 or 13 for coating steel strip .
wherein the molten coating metal is galvanis-
ing spelter and the means for heating the
steel strip includes means for preheating
steel strip to a temperature above the melt-
ing temperature of galvanizing spelter be-
fore entry into the molten galvanizing bath.

15. Coating apparatus as claimed in any

35

of claims 11 to 14 in which the coating -

weight control means comprise coating rolls.

16. Continuous strip hot-dip metal coat-
ing apparatus constructed substantially as
herein described with reference to and as
illustrated in Fig..1 or Fig. 2 or Fig. 3 of
the accompanying drawings.

17. Metallic strip when metal coated by
the gpparatus claimed in any of claims 11
to 16. .

18. Galvanized flat rolled steel coated
with a bright smooth-finish galvanized coat-
ing of substantially uniform coating weight
on both surfaces of the base metal by the
apparatus claimed in claim 14 with total

- coating weight on both surfaces being in

the range of three to six ounces of galvanized
per square foot of base metal
inclusive. -
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