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We, NATiONAL STEEL CORPORATION, 2a
Corporation organised and existing under
the laws of the State of Delaware, United

-~ States of America, of 2800, Grant Building,
5 Pittsburgh 19, Pennsylvania, United States
of America, (Assignee of JOHN THOMAS
Mavuew), do hereby declare the invention,
for which we pray that a patent may be
granted to us, and the method by which it

cribed in and by the following statement:—
This invention relates to continuous strip
galvanizing methods and apparatus.
- The invention provides a continuous strip
15 coating process for producing iron-zinc alloy
coated steel strip comprising heating steel
strip to a temperature substantially above
the melting temperature of galvanizing spel-

20 ‘molten galvanizing bath so as to add heat to
molten galvanizing spelter in the bath, the
molten galvanizing bath being maintained
at a témperature above 900°F, forming an
iron-zinc alloy coating on the steel strip by

25 submerging the hcated sirip beneath the sur-
face of the molten galvanizing bath, moving
the heated strip through the molten galvan-

the bath while submerged beneath the
30 bath surface, delivering the steel strip
from the molten galvanizing bath, the steel
strip having an inner iron-zinc alloy coat-
ing and an outer molten galvanizing spel-

35 against at least one face of the coated steel
strip upon delivery from the molten galvan-

snelter coating from said face of the iron-
zinc alloy coated strip.

40 The invention includes continuous strip
coating apparatus for producing iron-zinc
alloy coated steel strip comprising means
for heating steel strip to a temperature of

"' [Price 4s. 6d.] _ '

10 is to be performed, to be particularly des-"

ter; introducing the heated strip into a.

izing spelter towards an exit side of.

ter coating, and directing gas under pressure .

izing bath -to remove molten galvanizing,

Index at Acceptance:—C7 F(1G3, 224, 3C, 4K, G5, G6, G7).

COMPLETE SPECIFICATION.
Tmprovements relating to the Coating of Metals.

about 1000°F. or higher, hot-dip galvaniz-
ing means including a galvanizing bath,
means for dclivering the heated steel strip
through a non-oxidizing atmosphere into the
galvanizing bath including means for main-
taining strip temperature near 1000°F.
means for submerging the heated steel strip
beenath the surface level of the galvanizing
bath and for moving the submerged strip
through the galvanizing bath to impart heal

.to molten sl;-)lelter in the galvanizing bath and

maintain the temperature of the spelter
above 900°F, means for cooling a portion
of the galvanizing bath to produce a zone of
cooled galvanizing spelter at 800°F. to
860°F inclusive, means for delivering strip
from the galvanizing bath upon passage
through the zone of cooled spelter, so that
the delivered steel strip has an inner iron-
zinc alloy coating and an outer molten gal-
vanizing spelter coating, and means for
directing gas under pressure against at least
one face of the coated steel strip to remove
molten galvanizing spelter coating from that
face of the iron-zinc alloy coated steel strip.

The invention is further described, by way
of example, with reference to the accom-
panying drawings in which:

Figure 1 is a schematic diagram of a con-
tinuous strip line constructed in accordance
with the invention, and -

Figure 2 is a schematic diagram of a por-
tion of the continuous-strip line,

5 ounce per -square ‘foot of stéel
ricaj (o 3526 onand

45

55
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Referring to Figure 1, steel from coils 12 R

and 14 is formed into continuous strip 16 at
a welder 18.  Ordinarily, the strip is cleaned

-or otherwise treated at a unit 20 and then
heated in a furnace heater 24 which can be’

a continuous annealer, _
The heated strip is fed through an atmos-

phere-controlled chute 26 to a coating pot’
28. The chute 26 leads into and extends
‘beneath the surface of a bath 30 so that the
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Referring to Figure I, the strip 16 and the
" bath 30 arc raised in temperature above

o what is ordinarily considered optimum coat-

ing temperatures, This is practicable because

- of special cooling apparatus, specially loca-

ted.  The bath 30, except for a defined

{ minor portion spec:ally located at its exit
. side, is maintained at a temperature of ap-

prox:mately 900°F. to 950°F. or higher.

i This temperature is maintained by the strip
© 16 or by the strip 16 and other heat sources.

Iron-zinc alloy is formed primarily while

' the strip 16 is submerged in the bath 30,

roughly between entry of the strip 16 into

. the bath 30 and its passage around a sink
‘i roll 32, One-theory is that desirable alloy is
- produced primarily during the period that
. the temperature of the strip 16 approaches
and reaches the temperature of the majer
¢ portion of the bath 30, Alloying is con-

trolled mainly by the heat content of the

¢ strip 16 which is influenced by the gauge cf
" the strip. Heavy-gauge materials generally
* carry more heat and produce heavier coating

weights, e.g. around 0.3 to 0.35 ounce per
square foot of surface. The light-gauge

materials produce alloy coatings around 0.15
to 0.2 ounce per square foot of surface,

The strip 16 should be intraduced into the

| bath 30 at a temperature around 1000°F..

i or higher,

- temperature on the line in the heater

' _55' 24. Strip transfer into the pot 28 is -con-
- ' trol of atmosphere in the chute 26 to prevent

. oxidation of the strip 16; atmosphere con-

" © trol means, such as conduits 34 and 36, are

The strip is brought to required

trolled in the chute 26. This includes con-

provided for this purpose. Control of strip
transfer also includes control of heat losses;

the chute 26 can be insulated for this pur- -
: g se and can include heat control means 38

he temperature of the strip 16 as measured

| at temperature sensors 40 and 42 is main-

tamed around 1000°F or lngher The strip

vels
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tors to produce coating weights between 0.15
and 0.35 ounce per square foot, inclusive, on
cach surface of the steel strip. Alloy forma-

tion is controfled qualitatively by such fac-
tors as production out of contact with an

lﬁne Balgmizing

oxidizing atmosphere, temperature and sub-

stantial termination of alloying before con-
fact with an oxidizing atmosphere.
Referring to Figure 2, after passage of
the strip around the sink roll 50, iron-zinc
alloy coated strip 52 travels into a cooled
spelter zone 54. Galvanizing bath cooler 56,
58, 60 and 62 cool the spelter in the zone
54 and are used to control the temperature
of this zone. Details of a suitable bath
cooler may be found in the copending

80

ﬂMmagsﬁaSO
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100

British Patent Application No. 25063/65

(Serial No. 1,116,221). Briefly, however,
one or. more submerged coolant conduits,
positioned near the travel path of strip
approaching cxit from the bath, are used to
cool a portion of the bath contiguous with
the travel path of the strip in the exit zone.

The cooled spelter zone is ordinarily held
to a temperature around 840°F. to 860°F.
with any variations below this range being
dependent on the product. This zone is
ordinarily not cooled below 800°F. and a
temperature around 820°F. can be used

- when cooling requirements dictate, e.g. for

the heavier gauges. The remainder of the
bath 56 is maintained at a temperature
around 900°F. to 950°F.

An important function of the galvanizing
bath cooler is to cool the molten spelter

applied to iron-zinc alloy coated strip and

to cool the steel base metal. In this way,

iron-zinc alloying is terminated before con-.
tact of the coated strip with ambient atmos- .

phere.

- 'With termination of alloying the iron-zinc
alloy coating must be exposed as a finished
surface of -the product.
exit from the cooled galvanizing spelter zone

54 is coated with an inner iron-zinc alloy 130 -
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shows on the enhre surface after passage
through gas barrier apparatus. Mechanical
rolls, ‘wipers, or scrapers, as_presently de-
25 veloped leave marks on the strip and
patches of galvanizing spelter which cause
commercial rejects and produce a_differing
coating while the gas barrier (jet) method
and apparatus leave a smooth-finish, uni-

: - 30 form, galvanize spelter-free, iron-zinc alloy

 surface.

The bath cooling apparatus serves other
. important functions such as reducing iron
- dissolution in the galvanizing spelter applied
35 to the strip 52. The temperature of the
E galvanizing spelter on strip 52 upon exit
from the zone 54 is at or near the tempera-
ture of the zone 54. If high temperature
. galvanizing spelter were present in the zone
. 40 54, iron dissolution and dross formation
“ " would make it impossible to produce a
smooth coat. Without this cooling feature,
a gritty, uneven, unacceptable surface would
be formed and it would not be practicable
45 to ‘maintain the remainder of the bath at
the temperature level required to produce

the desired alloy.
With certain gauges of steel strip, especi-
ally among the lighter gauges, heat is re-

50 quired to be added to the bath from one or

more heat_sources, such as a bath heater

unit 63. Bath tempcraturc can be main-

tained at the desired level near 900°F, to

: 950°F. by a control 64 which may be co-

55 ordinated automatically with the temperature

of the strip and/or the temperature of the
galvanizing bath spelter,

Iron content in the iron-zinc alloy coating

_ formed varies around 10% to 15% by weight

60 of the alloy. Corrosion tests on this coat-

- ing for steel strip rate this coating above

other commercially available steel strip coat-

ings of equal and heavier coating weights.

Salt spray tests of over 100 hours and up

'65 to 165 hours have been held without show-
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steel. None of the dlsadvantages of elec-
trode tip pick-up, experienced with other
coated steel products, are present. Spot
welding is facilitated by a quicker concen- 90
tration of heat than with conventional coated -
stee] product.

Further, as produced on the line, this
coated product takes most conventional

n.

painting or coating treatments applied to 9_5_ "

cold rolled steel so that it can be worked
in conjunction with cold rolled stock. An-
other advantage of the product is its ability
to take heat treatment. For example, in
production of drawing stock for automotive 100
uses, this product can be heated to tempera- -

-tures up to 1000°F, and higher without

damage to the protection provided by the
coating or damage to the coating itself. This
alloy coating has a melting temperature 105
above 1000°F. o

. Differentially coated steel strip is another
product available by means of the illus-
trated apparatus. Upon exit of the strip
from a cooled spelter zone, the jet process 110
is used to remove the galvamzmg spelter
coating entirely from one surface of the strip
and_to control the coating weight of gal-
vanize spelter on the reinaining surface of
the iron-zinc alloy coated steel strip.- A thin 115
controlled coatmg of galvanmng spelter on
one side of the iron-zinc alloy coated strip
is produced which presents a bright, smooth
surface,

The iron-zinc alloy inner surface coatmg 120
of the differentiallv coated product is as
described éarlier. That is. between 0.15 and
0.35 ounce per square foot, inclusive, of
iron-zinc alloy coating is present. A gal- .
vanizing ‘spelter coating between 0.10 and 125
0.50 ounce per square foot, inclusive, is =~ -
produced on one surface of the product
while the iron-zinc allov finish 5 produced -
on the remaining surface. This can be
carried out by setting the hot gas pressure 130
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present. This smoothness is belicved to be
due, at least in part, to the thinnsss of the
galvanized spelter coating. Such thin coat-

' ing is made possible because of the previ-

ously described cooling feature. Without
this feature such a thin coating would alloy,
more than desired, in the atmosphere after
exit from the coating conjrol means,

WHAT WE CLAIM IS:—

1. Continuous strip coating process for
producing iron-zinc alloy coated steel strip
comprising heating steel strip to a tempera-
ture substantially above the melting tem-

perature of galvanizing spelter, introducing -

the heated strip into a molten galvanizing
bath so as to add heat to molten galvanizing
spelter in the bath, the molten galvanizing

bath being maintained at a temperature.
" . above 900°F, forming an iron-zinc alloy

coating on the steel strip by submerging the
heated strip beneath the surface of the
molten galvanizing bath, moving the heated
strip through the molten galvanizing spelter
towards an exit side of the bath while sub-

merged beneath the bath surface, delivering -

the steel strip from the molten galvanizing
bath, the steel strip having an inner iron-
zinc alloy coating and an outer molten gal-
vanizing spelter coating, and directing gas
under pressure against at least one face of
the coated steel strip upon delivery from the
moltcn galvanizing bath to remove molten
galvanizing spelter coating from said face

‘of the iron-zinc alloy coated steel strip. .

2. Coating process as claimed in claim 1

_in which the molten galvanizing bath is

maintained at a temperature of not more

" than 950°F.

3. Coating proceés as claimed in claim 1

- or 2 wherein the steel strip is heated to a

temperaturc above 1000°F. and is there-
after introduced to the molten galvanizing
bath at a temperature of about 1000°F.

4, Coating process as claimed in claim
1, 2 or 3 wherein a portion of the ‘molten
galvanizing bath at the exit side of the bath

is cooled to form a zone of cooled spelter -

at a temperature between 800°F, and 860°F.,
inclusive, the zone of cooled spelter being

" contiguous with the travel path of strip

approaching exit from the galvanizing bath
with the steel strip being delivered from the
molten galvanizing bath upon passage

. through the cooled spelter zone.

5. Coating process as claimed in claim
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zone iso main-
o

teg) with an

stvipr ha8 Gz iwkight between 0.15
and 0.35 ounce per square foot of steel strip,
inclusive, and wherein the molten galvaniz-
ing spelter coating is removed from one face
of the coated steel strip and the coating
weight of molten galvanizing spelter coating
Temaining on the other face of the coated
steel strip is controlled by directing gas un-
der appropriate respective pressures against

_ both faces of the strip..

7. Coating process as claimed in claim
1, 2 or 3 wherein the gas under pressure is
directed against both faces of the coated

steel strip upon delivery from the galvanizing .

6
;q
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bath to simultaneously remove the molten .

galvanizing spelter coating from one face of
the coated steel strip while controlling the
coating weight of molten galvanizing spelter
coating remaining on the other face.

8. Continuous strip coating processes
substantially as herein described with ref-
erence to the accompanying drawings.

9. Steel strip when coated by the pro-
cess claimed in any of claims 1 to 8.

. 10, Steel strip when coated by the pro-
cess claimed in any of claims 1 to 5 and 8
and having a uniform outer coating of iron-
zinc alloy having a total coating weight on
both faces of the steel strip of 0.3 to 0.7

.ounce per square foot of steel strip, inclusive.

11, Steel strip when differentially coated
by the process claimed in claim 6, 7 or 8

and having an iron-zinc alloy coating on’

both faces of the strip and a uniform gal-
vanizing spelter coating on only one face of

90
95 |
100

105

the iron-zinc alloy coated steel strip, the

iron-zinc alloy coating on the strip having a
coating weight between 0.15 and 0.35 ounce

110

per square foot on each face of the steel

strip, inclusive.

12. The differentially coated steel strip
as claimed in claim 11 in which the uniform
galvanizing spelter coating on said one face
of the iron-zinc alloy coated strip has a
bright spangled finish and a coating weight
between 0.1 and 0.5 ounce per square foot,
inclusive ‘of steel strip. :

13. Steel strip as claimed in claim 10,
11 or 12 wherein the iron-zinc alloy has an

s

120

iron content between 10% and 15% by

weight, inclusive, . :
- 14, Continuous-strip coating apparatus

“for producing iron-zinc alloy coated steel

strip comprising means for heating steel
strip to a temperature of about 1000°F, or
higher, hot-dip galvanizing means including
a galvanizing bath, means for delivering the

125 |
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Such thin coat-

atmosphere after

producing iron-zinc alloy coated steel strip
comprising hcating steel strip to a tempera-
ture substantially above the melting tem-

perature of galvanizing spelter, introducing

the heated strip into a molten galvanizing
bath so as to add heat to molten galvanizing

spelter in the bath, the molten galvanizing -

bath being maintained at a temperature.
above 900°F, forming an iron-zinc alioy
coating on the steel strip by submerging the
heated strip benecath the surface of the
molten galvanizing bath, moving the heated
strip through the molten galvanizing spelter
towards an exit side of the bath while sub-
merged beneath the bath surface, delivering
the stecl strip from the molten galvanizing
bath, the stecl strip having an inner iron-
zinc alloy coaling and an outer molten gal-
vanizing spelter coating, and directing gas
under pressure against at least one face of
the coated steel strip upon delivery from the
molien galvanizing bath to remove molten
galvanizing spelter coating from said face
of the iron-zinc alloy coated steel strip. .

2. Coating process as claimed in claim 1
in which the molten galvanizing bath is
maintained at a temperature of not more
than 950°F.

3. Coating process as claimed in claim 1 .

or 2 wherein the steel strip is heated to a
temperaturc above 1000°F. and is there-
after introduced to the molten galvanizing
bath at a temperature of about 1000°F.

4. Coating process as claimed in claim
1, 2 or 3 wherein a portion of the ‘molten
galvanizing bath at the exit side of the bath
is cooled to form a zone of cooled spelter
at a temperature between 800°F, and 860°F.,
inclusive, the zone of cooled spelter being
contiguous with the travel path of strip
approaching exit from the galvanizing bath
with the sicel strip being delivered from the
molten galvanizing bath upon passage
through the cooled spelter zone,

5. Coating process as claimed in claim
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1, 2 or 3 wherein the gas under pressure is
direcled against both faces of the coated
steel strip upon delivery from the galvanizing
bath to simultaneously remove the molten .
galvanizing spelter coaling from one face of
the coated steel strip while controlling the
coating weight of molten galvanizing spelter
coating remaining on the other face.

8. Continyous strip coating processes
substantially as herein described with ref-
erence to the accompanying drawings.

9. Steel strip when coated by the pro-
cess claimed in any of claims 1 to 8.

". 10. Steel strip when coated by the pro-
cess claimed in any of claims 1 to 5 and 8
and having a uniform outer coating of iron-
zinc alloy having a total coating weight on
both faces of the steel strip of 0.3 to 0.7
ounee per square foot of steel strip, inclusive,

11. Steel strip when differentially coated
by the process claimed in claim 6, 7 or 8
and having an iron-zinc alfloy coating on
both faces of the strip and a uniform gal-
vanizing spelter coating on only one face of
the iron-zinc alloy coated steel strip, the
iron-zinc alloy coating on the strip having a
coating weight between 0.15 and 0.35 ounce 110
per square foot on each face of the steel
strip, inclusive,

12. The .differentially coated steel strip
as claimed in claim 11 in which the uniform
galvanizing spelter coating on said one face
of the iron-zinc alloy coated strip has a
bright spangled finish and a coating weight
between 0.1 and 0.5 ounce per square foot,
inclusive of steel strip.

13. Steel strip as claimed in claim 10,
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" 11 or 12 wherein the iron-zinc alloy has an

iron content between 10% and 15% by
weight, inclusive. . .
- 14, Continuous-strip coating apparatus 125
strip comprising means for heating steel
strip to a temperature of about 1000°F, or
higher, hot-dip galvanizing means including
a galvanizing bath, means for delivering the

R 0 i If /L]

90

95

B L L S O

o e e



Printed for Her Majesty's Stationery O fice by Burgess & Son (Abingdon)
Lt d- 1968 Publ i shed at The Patent O fice, 25
Sout h e ,3, - "—; = __’ ¥ \ T AT e T . e i
from it coples may be obtai ned. 90- 95 3 T
R 1,116,222 5
65 heated steel strip through a non-oxidizing galvanizing spelter coating, and means for '
* .- atmosphere into the galvanizing bath in- dirccting gas under pressure against at
3, cluding means for maintaining strip tempera- least one face of the coated steel strip to
S F ¥ ture near 1000°F., means for submerging the: remove molten galvanizing spelter coating
S ¢ 5 heated steel strip beneath the surface level from that face of the iron-zinc alloy coated
;70 of the galvanizing bath and for ‘moving the steel strip.
,. submerged strip tﬁrough the galvanizing bath 15. Continuous strip coating apparatus - =
. to impart heat to molicn spelter in the gal- constructed substantially as herein described . 25
. vanizing bath and maintain the temperature with reference to and as illustrated in Fig.
S 10 of the spelter above 900°F, means for cool- 1 or Fig. 2 of the accompanying drawings. -
- 15 ing a portion of the galvanizing bath to pro- 16. Steel strip when coated in the appa~
TR duce a zone of cooled galvanizing spelter at ratus claimed in claim 14 or 15. T
; 800°F. to 860°F., inclusive, mecans for de- ' I
; livering strip from the galvanizing bath upon W. P. THOMPSON & CO., .
: . 15 passage through the zone of cooled spelter, 12, Church Street, Liverpool,
80 so that the delivered steel strip has an inner Chartered Patent Agents.
iron-zinc alloy coating and ap outer molten . : :
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