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COMPLET~ SPECIFICATION 

Improvements in Hot-Dip Metal Coating Processes and 
. . . i\_pparatus· 

We, NATIONAL STEEL CoRPORATION, a 
C-orporation organised under the laws of the 
State of Delaware, United States of America, 
of 2800, Grant Building, Pittsbtirgh, Pennsyl-

5 vania 15219, United States of America, (As­
signee of GEORGE PAUL Ross), do hereby de­
clare 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 particu-

10 larly described in and by the following. state'­
ment: -

This invention is concerned with the hot.:.dip 
coating of continuous metallic strip and ·in its 
more specific aspects, with control of coating 

15 bath temperatlire in · continuous strip hOt-dip 
coating processes. · • · · · 
. In hot.;.dip metal coating of continuous stCel 
str~p, temperature of the strip entering the :bath 
is a determinant factor of the coating ·bath 

20 temperature maintained. In the preheat type of 
-continuous strip hot-dip galvanizing line, .for 
example, gas fired or induction heaters are uti,;. 
Jized for initial melting of galvanizing sp~ter, 
but they do not control bath temperatures dur-

25 ing galvanizing operations. The strip entering 
the . bath adds all but a minor fraction of. the 
total heat· added to the coating bath. However, 
temperature of the strip entering the bat~ is 
generally determined by processes other than 

30 coating, such as in-line heat treatment.'· As a 
result, the temperature of the bath can vai:y 
widely from optimum coating metal tempera­
ture. For example, bath temperatures between 
950°F. and 1000°F., and higher can exiSt·be-

35 cause of iri.;.line heat treatment ofithe strip~ strip 
temperature requirements for alloying of· gal­
vanizing spelter with a steel base, or for 9th~r 
reasons, whereas . a temperatur~ ·betw~ 
arolind 820°F to 880°F., preferably ·around 

40 860°F. is considered optimum for galva*izing 
coating metal application and coating weight 
control. · 

One method practised in an attempt to con­
trol bath temperature includes use of forced 
· [Pri~e 4s. 6d.] 

air drafts on the bath to increase heat radiation ti 
losses~ A more effective method is described 
in co-pending British Patent Application No. 
25063/65 (Serial No. l,116,221) and British 
Patent Application No. 25064/65 (Serial No. 
1,116,222). The8e patent applications relate to 50 
the control . of· metal temperature in the vicin-
ity of Strip· exiting from a coating bath~ and 
specific:ally describe the use of bath submerged 
conduits fo~ · temperature control. While such 
so.bmerged conduits have been successful and 55 
effective . in overcoming the above problem, 
they are difficult to handle and maintain. · 

The present invention provides a continuous 
strip hot-~p m,etal coating process wherein the 
temperature of a hot-dip metal coating bath ·60 
having an upper surface exposed to a gascims 
atmosphere is controlled by confining a liquid 
coolant within a trough arrangement partially 
submerged beneath the exposed upper surface 
of the hot-dip metal coating bath, and control- 6S 
ling the rate of flow of liquid coolant into the 
trough; atrailgement to control the temperature 
of ·molten metal in the hot-dip metal coating 
bath,. the liquid coolant having a vaporizatiOn 
temperanire lower · than the temperature of ·70 
molten· ~~tal in the hot-dip metal coating 
·bath. · . 
· · The fuvention includes a hot-dip metal coat-
ing ~ath having, for the purpose of controlling 
molten metal temperature in the bath, appara- 75 
tus comprising a trough arrangement d~sposed 
. in the bath so as to . be partially submerged 
below . an ~xposed upper surface portion of 
the molten· metal coating bath. and to confine 
a liquid coolant and means for supplying 80 
liquid coolant to the trough arrangement, and 
for cqntrolling the rate of flow of liquid cool-
ant into the· trough arrangement. , 

The: present invention will be further de- · . 
scribed, by way of example, with. reference to 85 
the a~mpanying drawings, in which: 

Fig. · 1 is a schematic view partially in sec­
~ion, Qf a continuous strip hot-dip coating line 

.. . /" 
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constructed in accordance with the invention, 
• 

the coating weight. As set forth a'bove, it is 
Fig. 2 is -8ii enlar~ed side view of a portion difficult to maintain a desired . temperature 

of the apparatus of F1g; l; . ·. with the va:i;ious processes being petfOl'med on ) 

Fig. 3 is a perspective view of an open the line, especially when rapidly shifting from "'\i,1; 
-~ 

1 trough of the apparatus, and one product to another,· such as from. dull coat 70 
Fig. 4 is a front view of the apparatus of to regular galvanized strip; without substantial 

Fig. 2. . loss of time or product due to coating metal 
Referring to Fig. 1, steel is supplied from temperature problems. Efficient temperature 

coils 8 and 10 to fonn continuous strip 12 control of the coating metal applied to the 
75 10 by successively welding a trailing end of. one strip before eritry into the coating weight con-

coil to the leading end of. the next coil. While trol zone makes possible efficient maintenance 
in continuous fonn a number of operations are of desire~ temperature and provides for rapid 
performed on the· line. For example, the strip control Of tbe coating met-al teinperatllre when 
is cleaned in a cleaning unit 14 and is then shifting the line from one product to another. 

80 15 heated, annealed, or otherwise heat treated in . Refer:i;ing to Fig. 2, the coating weight con-
a heating unit 16. Any of these operations can trol zone 28 is shown in dotted lines since 
affect line speed, but usually the heating step coating rolls, located at the surface of the bath, 
is determinant of · "line speed· and, in turn, may be U:Sed, or gas barrier type of coating 

20 
affects coating bath temperature. weight control, located a short distance above 

85 . After heat treatment,. the. strip t!-"avels the .. surface of. the bath as described in British 
through an atmosp~ere-:controlled chute 20 41- Patent No. 1,071,572, may be used within the 
to a. coating pot. 22, The chute 20 includes scope of tire present invention. Control of the 
supplemental means 21. for. maintaining the coating metal temperature results in smoother 
temperature of the :Strip at a desired level. The coating and better coating weight control with 

90 25 reducing capacity of the. atmosphex:e in the both mechanical contact coating weight control 
chute 20 has an effect on the . temperature re- and with g•s barri~ type coating weight con-
quired in the chute to. prevent oxidation of tro"l. 
the strip, · . . . . Open troughs 40 and . 42 are· suitably posi-

Under ideal conditions the strip would enter tioned contig\lOUS. to the coating weight control 
95 30 the bath slightly above th~ .desired coating zone 28 and parallel to the strip 12, as shown 

metal· temperature so as to add sufficient .heat in Figs. 1 , and 2; One of the troµghs is shown 
to the bath to make up for radiation losses in more . detail in . Fig. 3, Each , open trough 
and the like. However, with changing line includes. peripheral side walls including elon-
speeds, changing strip dimensions, and .changes gated walls 44, 46 and end walls 48, 50. Rails 

3S in required heat treatments, it is seldom possi- 52, 53 along the upper elongated side peri- 100 
ble to maintain these Ideal conditions everi on pbery of . the open troughs are provided for 
sustained runs of the saine material. Also. when support of the troughs along the rim of the 
it is desired to. produce a product· involving coating pot. The rails 52, 53 are interconnect-
alloying a portion or all of the coating metal ed by bracing crossbars 54, 55 with apertures 

49 with .the base metal, the temperature. of. the 56, 57 for securing the open troughs in posi- 105 
bath can be 100°, or more, :above an ideal tion and for adjustment of position to be de-
temperature for controlling coating weight. scribed later. Each troµgh is open at its upper 

The strip 12 travels through coating metal and Jower .surfaces. The peripheral side walls 
24 in the pot 22 around a submerged sink 44, 46, 48 and 50 can be formed from steel, 

45 roll 26 and vertically µpwardly from the sink or other.:material having a melting temperature 110 
roll 26 into a coating weigh~ control Z-One 28 significantly above the melting temperature of 
at the exit side of the bath. Coating tempera- the hot-dip coating material. 
ture control means are located contiguous to The lower edges of the. peripheral walls of 
the coating weight control zone 28 at the exit the ,troµghs 40 and 42 are immersed below 

50 side of tbe bath. After passing through the the upper surface· of the coating metal bath 115 
coating weight control · zone 28, the strip 24 which is exposed to a gaseous atmosphere, 
travels upwardly _around a top roll 34, then e.g, air. 1'he open trollghs 40, 42 confine layers 
downwa:i;dly around a roll 36 and along the 58, ()0 (see Fig. 2) of a liquid coolant, such 
proc.essing line, for washing, marking, etc., to- -as water, on the exposed upper surface of the 

SS wards a coiling roll 40. • coating bath and having a boiling point below 120 
With a line producing dull coat galv•nized the temperiltµre of. the molten metal ·24. The 

strip, for example, the bath temperature may liquid ~olant within the troughs 40, 42 is in 
be at 950°F to lOOO~F., or higher. When it direct contact with the bath, extracts heat from 
is desired to produce. regula:i; galvanized strip, the bath, and controls the temperature of a 

60 the temperatµre of . the coating metal on :the portion of the coating metal bath at its exit 125 
strip 12 during passage throµgh ~the coating side. Baffle. means can be used in the bath 
weight control zone 28 showd be between to further define a controlled temperature zone 
820°F. arid 860°F. for optimum COating if desire~. 
weight control. It is also desired to consistently While two coolant troughs are shown in 

65 maintain this temperature for better control of Figs. 1 and 2, the number of troughs can be 130 
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varied as required. Positioning of the troughs, temperature varying by 15 to 30 degrees from 
" . as well as shape of the trough5, can also be other portions of the bath, such as the heated 

( ~ selected otherwise than as shown to carry out strip entry side of the bath. The over-all tem-
' desired objectives. perature of the bath can also be lowered or 

5 In the frontal view of Fig. 4, t.he trough 42 controlled. In practice, water is ordinarily used 70 
is shown supported by the coating pot. Its as the liquid coolant. The amount of water 
elongated dimension is substantially parallel to flow required varies with the type of run being 
the strip and its lower periphery is immersed conducted. as a representative example, de-

10 
beneath the bath surface sufficiently to accom- sired coating metal temperature when galva-

75 modate minor changes in bath level encoun- nizing steel strip having a thickness of 0.092" 
tered in practice. Threaded bolt means 61 and and a width of 30" has been maintained by 
62 can be used to secure the trough in position using a single cooling trough with water flow 
and adjust height or level of the trough as approximately two gallons per minute. 
required. Other coolants and modifications of the 

15 Liquid coolant is supplied to the trough structure shown in the accompanying drawings 80 
thro1h a conduit 64 under control of a valve can be resorted to within the scape of the in-

.· ;.":·_.=_..::.: 66. eat removal is increased by increasing vention; 
coolant flow into the trough. WHAT WE CLAIM IS: -

20 
Coolant flow can be regulated manually or I. A continuous strip hot-dip metal coating 

can be regulated automatically by apparatus process wherein the temperature of a hot-dip 85 
as shown schematically in Figs. 2 and 4. A metal coating bath having an upper surface 
thermal sensor 68, or a plurality of such sen- exposed to a gaseous atmosphere is controlled 
sors, is positioned to measure temperature in by confining a liquid coolant within a trough 

. ::t:~,·~":{J 25 
the portion or portions of the bath to be tem- arrangement partially submerged beneath the 
perature controlled. Temperature readings by exposed upper surface of the hot-dip metal 90 

·• .. :•. ·. ::. the sensor 68 are compared with a preselected coating bath, and controlling the rate of flow 
.·.::·.': .. L "J desired temperature by a temperature control of liquid coolant into the trough arrange-. unit 70 which delivers an output for opening ment to control the temperature of molten ; 

t 30 
and closing the valve 66 to regulate the rate metal in the hot-dip metal coating bath, the 

95 ; of flow of coolant as required. Individual ele- · liquid coolant having vaporization temperature 
t ments used for carrying out such automatic lower than the temperature of molten metal 
! control are well known in the art. in the hot-dip metal coating bath. 
t 
i Heat exchange is increased by increasing the 2. A metal coating process as claimed in 
,. rate of flow of coolant into a trough and claim 1 in which the trough arrangement has ;i" 

! 

. i 35 thereby increasing the amount of coolant to an open bottom to enable the coolant to make 100 
t be raised to vaporization temperature. How- direct contact with the metal in the bath. 
l ever, coolant flow into a single trough should 3. A metal coating process as claimed in ., 

not be increased so as to cause freezing of claim 2 in which the continuous metallic strip 
t coating metal to a substantial depth below the is submerged beneath the exposed upper sur-

·t 40 bottom of the trough. Efficient heat exchange face of the molten metal coating bath while 105 
1 takes place with a thin solidified layer of coat- travelling longitudinally of itself between a 
!':" ing metal in the bottom of a trough.- As heat strip-entry side and a strip-exit side of the 

exchange requirements increase, freezing · of coating bath, and in which th.e . open bottom 
metal to a substantial depth below the bottom of the trough arrangement is immersed be-

45 of a trough should be avoided by adding an- neath the exposed upper surface of the coating 110 
other cooling trough. More efficient heat ex- bath at the strip-exit side of the bath adjacent 
change is maintained and possible contact to strip travelling out of coating bath to con-
between solidified metal arid the strip being trol the temperature of the molten metal at 
coated is avoided. Also, the troughs can be the strip-exit side of the coating bath, 

50 put into use and withdrawn from use more 4. A metal coating process as claimed in 115 
rapidly in this way. claim 1, 2 or 3 in which the strip is contin-

\ 
For cleaning purposes, and for removal of uous steel strip and the coating bath is a galva-

a trough, the cooling water flow can be stopped nizing bath. 

\ and water in the trough allowed to evaporate 5. A metal coating process as claimed in 

\ 55 completely permitting melting of the thin claims 3 and 4 in which the continuous steel 120 
\ solidified layer of metal in the trough. Clean- strip has a temperature substantially above 
1 ing requirements vary depending on ~ pot 860°F. at the strip-entry side of the bath tend-I 

and line operation; return of metal from the ing to raise the temperature of the galvanizing 
trough to the coating bath need only be prac- bath substantially above 860°F., and water is 

60 ticed if it appears that dross or undesired im- added to the trough arrangement, the flow of 125 
purities are accumulating in the trough. water being controlled to maintain the tem-

With direct contact cooling troughs posi- perature of the galvanizing metal at the strip-
tioned at the exit side of the bath, a portion exit side of the coating bath at about 860°F. 

65 
of the bath contiguous to the coating weight 6. A metal coating process as claimed in 
control zone can be maintained at a preselected claim 3 or 5 in whicli the temperature of the 130 

'{. :~ · ... -: . ·.~ 
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varied as required. Positioning of the troughs, temperature varying by -15 to 30 degrees from 

.t>... as well as shape of the troughs, can also be other portions of the bath, such as the heated ~ ... 

i ' selected otherwise than as shown to carry . out strip entry side of the bath. The over-all tem-
.• ,/ desired objectives . perature of the bath can also be lowered or .. 
5 · .. ·In the frontal view of Fig. 4, t)le trough 42 controlled. In practice, water is ordinarily used 70 

is-....shown supported by the · coating pot. Its as the liquid coolant. The amount of w11:ter 
elongated dimension is substantially parallel . to flow required varies with the type of run bemg 
the strip and its lower periphery is immersed conducted. as a representative ¢xample, de-
beneath the bath surface sufficiently to accom- sired coating metal temperature when galva,.. 

10 modate minor changes in bath level encoun- nizing steel strip having a thickness of 0.092" 75 
tered in practice; Threaded bolt means 61 and and a width ·of 30" has been maintained by 
62 can be used to secure the trough in position using a single cooling trough with water :flow 
and. adjust height or level of the trough as approximately two gallons per minute. 
required. . Other .coolants and modifications of the 

15 · Liquid coolartt is supplied to the trough structure.shown in the accompanying drawings 80 
throJih a conduit 6_4 ~der control ~f a va~ve can be resorted to within the scape of the in-
66. •· eat removal 1s increased by increasing vention. 
coolant :flow into the trough. WHAT WE CLAIM IS:-

Coolant flow can be regulated manually or 1. A continuous strip hot-dip metal coating 
20 can be regulated automatically by apparatus process. wherein the temperature of a hot-dip 85 

as shown schematically in Figs. 2 and 4. A metal coating bath having an upper surface 
thermal sensor 68, or a plurality of suCh sen- exposed to a gaseous atmosphere is controlled 
sors, is positioned to measure temperature in by confining a liquid coolartt within a trough 
the portion or portions of the bath to be tern- arrangement partially submerged beneath the 

90 25 perature controlled. Temperature readings by exposed upper surface of the hot-dip metal 
the sensor 68 are compared with a preselected coating bath; and controlling the rate of :flow 
desired temperature by a temperature control of liquid coolartt into the trough arrange-
unit 70 which delivers an output for opening ment to control the temperature of molten 
and closing the valve 66 to regulate the rate metal in the hot-dip metal coating bath, the 

95 30 of flow of coolant as required. Individual ele- liquid coolant having vaporization temperature 
ments used for carrying out such automatic lower than the temperature of molten metal 
control are well known in the art. in the hot-dip metal coating bath. 

Heat exchange is increased by increasing the 2. A metal coating process as claimed in 
rate of :flow of coolartt into a trough and claim 1 in which the trough arrangement has 

35 thereby increasing the amount of coolant to an open bottom to enable the coolant to make 100 
be raised to vaporization temperature. How- direct contact with the metal in the bath. 
ever, coolant :flow into a single trough should 3. A metal coating process as claimed in 
not be increased so as to cause freezing of claim 2 in which the continuous metallic strip 
coating metal to a substantial depth below the . is submerged beneath the exposed upper sur-

105 40 bottom of the trough. Efficient heat exchange face of the molten metal coating bath while 
takes place with a thin solidified layer of coat- travelling longitudinally of itself between a 
ing metal in the bottom of a trough. As heat strip-entry side and a strip-exit side of the 
exchange requirements increase, freezing of coating bath, and in whiCh the open bottom 
metal to a substantial depth below the bottom of the trough arrangement is immersed be-

45 of a trough should be avoided by adding an- neath the exposed upper surface of the coating 110 
other cooling trough. More efficient heat ex- bath at the strip-exit side of the bath adjacent 
Change is maintained and possible contact to strip travelling out of coating bath to con-
between solidified metal and the strip being trol the temperature of the molten metal at 
coated is avoided. Also, the troughs can be the strip-exit side of the coating bath.. 

50 put into use and withdrawn from use more 4. A metal coating process as claimed in 115 
rapidly in this way. claim 1, 2 or 3 in which the strip is contin-

For cleaning purposes, and for removal of uous steel strip and the coating bath is a galva-
a trough, the cooling water flow can be stopped nizing bath. 
and water in the trough allowed to evaporate 5. A metal coating process as claimed in 

55 completely permitting melting of the thin claims 3 and 4 in whiCh the continuous steel 120 
solidified layer of metal in the trough. Clean- strip has a temperature substantially above 
ing requirements vary depending on the pot 860°F. at the strip-entry side of the bath tend-
and line operation; return of metal from the ing to raise the temperature of the galvanizing 
trough to the coating bath need only be prac- bath substantially above 860°F., and water is 

60 ticed if it appears that dross or undesired im- added to the trough arrangement, the :flow of 125 
purities are accumulating in the trough. water being controlled to maintain the tem-

With direct contact cooling troughs posi- perature of the galvanizing metal at the strip-
tioned at the exit side of the bath, a portion exit side of the coating bath at about 860°F. 
of the bath contiguous to the coating weight 6. A metal coating process as claimed in 

65 control zone can be maintained at a preselected claim 3 or 5 in whicli the temperature of the 130 
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molten metal at the strip-exit side of-the coat­
'ing bath is senSed. and compared with the de­
sired temperature of. the molten metal at the 
strip-exit side of the coating bath; and the flow 

· 5 of liquid coolant into the trough arrangement 
is automatically controlled in response to such 
comparison. . 

7. A continuous strip hot-dip metal coating 
process substantially as herein described with 

: 10 reference to the accompanying drawings. 
8. Metallic strip when coated by the process 

claimed in any of claims 1 to 6. 
9. A hot-dip metal coating bath having, for 

the purpose of controlling molten metal tem-
15 perature in the bath, apparatus ·comprising a 

trough arrangement disposed in the bath so 
as to be partially submerged below an exposed 
upper surface portiori of the molten metal 
coating ·bath and to confine a liquid coolant 

20 and means for supplying liquid coolant to· the 
trough arrangement and for · controlling the 
rate of flow of liquid coolant into the .trough 
arrangement. 

. . 
10. A coating bath as claimed ·in claim 9 

in which the trough arrangement. comprises at ,25 
least one trough having an open bottom ·and ~ 
having peripheral side walls whose bottom \,:;· 
edges are arranged below the upper surface 
level of the molten metal coating bath to define 
a confined area for receiving the liquid coolant. 30 

11. A· coating bath as claimed in claim 9 
or 10 further including means for sensing bath 
temperature and generating a signal for re­
sponsive control. of liquid coolant flow into the 
open trough arrangement. 35 

12. A hot-dip metal coating bath, construct­
ed substantially as herein described with refer­
ence to and as illustrated in the accompanying 
drawings. . 
. 13. Metal strip when coated by a hot-dip 40 
molten metal coating bath as claimed in any 
of claims 9 to· 12. 

·w. P. THOMPSON & CO., 
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