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Hot-dip galvanizing bath and process

The present invention relates to a bath for hot-dip galvanizing consisting of alloyed zinc, that is
particularly useful for batch-wise galvanizing steel articles, the silicon content of which is varable
or the composition of which is unknown.

When galvanizing steel in a conventional non-alioyed zinc bath setious problems arise, when the
steel contains more than 0.02 wt% of silicon : the resulting zinc coating is both too thick and too
brittle and in addition it has a greyish aspect. This is due to the tact that the iron-zinc alloy layer
that forms on the surface of the steel when the latter is in contact with a conventional zinc bath,
grows linearly with the time during the entire duration of the immersion, when the steel contains
more than 0.02 wi% of silicon. This is not the case with steels containing less silicon, as the
growth rate is here proportional to the square root of the immersion time. The influence of the
silicon content of the steel on the coating thickness is illustrated in the diagram of the
accompanying figure 1 : the thickness peak on steels with 0.03 - 0.15 wit% Si is called the
Sandelin peak.

Efforts have aiready been made in the past to cope wnth this problem. The Technigalva ®
process uses a zinc bath alloyed with 0.05 - 0.06 wit% of nickel. As shown in figure 1, the
Sandslin peak disappears in the -Techniga!an béth, but the coating thickness still increases
with the silicon content of the stesl. The Polygalva® process uses a zinc bath with 0.035 - 0.045
wi% of aluminium and 0.003-0.005 wi% of magnesium. As shown in figure 1, the Polygaiva®
bath gives rather good results ; it presents howsver the drawback that its aluminium content has
to be controlled very strictly, because the reaction between the steel and the bath blocks almost
completely once the aluminium content of the bath exceeds 0.05 wi%.

The aim of the present invention is to provide a bath for hot-dip galvanizing consisting of alloyed

zinc, which makes the coating thickness much less dependent on the silicon content of the steel
than this is the case with the Technigalva® bath and much less dependent on smal! variations in
the bath composition than this is the case with the Polygalva® bath.

This aim is achieved according to the invention by a bath that contains either 3 - 15 wi% of tin or
1 - 5 wt% of tin and 0.01 - 0.1 wi% of nickel and that may contain lead at a concentration up to
saturation and at least one of aluminium, calcium and magnesium at a concentration up to 0.06
wt%, the rest being zinc and unavoidable impurities.

When the bath does not contain nickel, its preferred tin content is 3.5 - 14 wt%, the most
preterred tin content being 5 - 10 wt%. When it contains nickel, its preferred tin and nickel
contents are respectively 2.5 - 5 wi% and 0.03 - 0.06 wt%.
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However the aluminium content mustn't exceed 0.03 wt% ; otherwise there is a risk of obtaining
uncovered spots. The maqnasium and/or calcium contents mustn't exceed 0.03 wit% ; otherwise

15 MgO or CaO floating on the surface of the bath may spoll the coating ; moreover the bath
becomes less fluid which may result in a degraded finishing of the coating.

It shouid be noted here that LU-A-81 061 describes a process consisting of a galvanisation bath
which contains at least 70 wt% of zinc, characterized in that one or more of the following

20 elements is added to said galvanisation bath : chromium, nickel, boron, titanium, vanadium,
zirconium, manganese, copper, niobium, cerium, molybdenum, cobalt, antimony, catcium,
lithium, sodium, potassium, in such an amount that the bath contains less than 2 wt% of each
element taken separately.

25 The zinc may be of any quality going from remeited zinc scrap to SHG (Special High Grade). itis
however recommended to use at least Zn 98.5 (ISO standard 752 - 1981), preferably at least Zn
99.5 and still more preferably at least Zn 99.95. '

The invention is illustrated by the foliowing examples.
30

Example 1

Six types of steel called X, M, E, D, R and Y with various silicon and phosphorus contents have
been galvanized in baths of SHG zinc with various fin 'contents, using a bath temperature of
35 450°C and an immersion time of 5 minutes.
The coating thickness has been measured.
The results of these tests are summarised in table 1 hereafter.
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the Pol ygalva[err] bath. 30 This aimi 3 achi eved according to the
i nvention by a bath that contains either 3 - 15 wt% of tin or 1-5
wt% of tin and 0.01 - 0.1 wt% of nickel and that may contain |ead at a
concentration up to saturation and at |east one of aluminium calcium
and magnesi um at a concentration up tJdabed&Zn-Snbaths} % the rest being zinc
and unavoi dable inpurities. 35 When the bath does not contain nickel,
its preferredtin'cmg% 1§ 3.5 - 4 he _nos b p‘eTeFre Tin
content being 5 - lowo\-get!’%ﬂeﬁ—gt—emt-ﬁ-ﬁs—t—eﬁcl o2 pref-er-rba—H-A—dnd—
ni ckel cont ent s| Wi%eSir edpe@@iovel v 0098 -1 500120 &ncb.GOOS - 0186 W 8075
wi% P 0.069 0.017
Sn content '
of bath ' Coating thickness in um
0.0 wi% 63 244 136 236 398 271
1.0 Wi% 77 228 189
2.5 Wt% 82 136 82 168 138 222
5.0 W% 78 100 100
10.0 wi% 91 86 687 84 98 81
20.0 wt% 76 65 64 64 78 57
30.0 wt% 59 58 54 61 67 52
5

The graphical representation of these results in the diagram of figure 2 shows that from a tin
content of about 3 wt%% on five of the six tested steels present élready a coating thickness of less
than 150 pm and that from a tin content of 5 wt% on all tested steels have a coating thickness
ranging between about 75 um and about 110 um. |

10 In this context it should be noted that a coating thickness of 70 - 90 pm is the most desirable
one. '
It should also be noted that steet type Y with 0.075 wt% Siand 0.017 Mt% P is a particularly
reactive one, the effect of P on the steel reactivity being éti!l much more pronounced than that of
Si.

15 From the above date its aiso clear that the results do not improve when the tin content exceeds
15 wt% and that it is recommendable to use no more than 10 wt% tin.

xampl
20 The same types of steel ot example 1 have been galvanized in baths of SHG zinc with

0.055 wt% nickel and various tin contents in the same conditions as in example 1.
The results of these tests are summarised in table 2 hereafter.
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2 The ni ckel content of the bath with 1 - EW be
.at least 0.01 wt% otherw se, the coating thi kHlSsS HAﬁﬁEEN _
substantially with the silicon content of the steel. HovveBE'?LAQEDe ni ckel
content nusggobsAxseed 0.1 w% ; otherwi se there is a ri skpeigdorbdses 1 on of

floating dross. 5 An addition of |ead at a concentration that may -
attain saturation, for exanple 0.1 - 1.2% % may be useful in order
to decrease the surface tension of the bath. An addition of at |east

one of alum nium cal cium and magnesium preferably at a concentration
of 0 - 0.03 w% and nore preferably of 0.005 - 0.015 wt% may al so be

-useful in order to protect Teble 2 {Zn - 0.055 Ni - Sn baths)
Steel type X M _E D R Y
Sn content
of bath Coating thickness in um
0.0 wi% 59 116 134 - 212 413 242
1.0 wt% &7 97 g2 195
| 25wi% 89 80 70 115
5.0 wt% : 72 80 72 95 88 88

5 The graphical representation of these results in the diagram of figure 3 shows that a tin content
of 1wt% gives already a significant improvement. It also shows that it is recommendabie to use a
tin content ranging between 2.5 and 5 wi%.

mple
10 _
The same types of steel of example 1 have been galvanized in baths of SHG zinc with 1.2 wt%
lead and various tin contents in the same conditions as in'example 1.
The results of these tests are sumearised in table 3 hereafter.
15
Steel type X M -_E D R Y
Sn content
of bath Coating thickness in um
1.0 wt% 79 219 1 99
1.5 Mt% 192
2.0 wi% : 174
2.5wt% i 155
3.0 wt% 82 109 88 9 138 123 128

The graphica! representation of these results in the diagram of figure 4 shows again the

20 beneficial effect of tin on the coating thickness.
The results achieved with 3 wi% tin are apparently somewhat better here than in example 1 {see
figure 2). That's why it may be useful to add lead to the bath.
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However the al um ni um content shoul d preferably not AB

ot herwi se themo9m31137i s a ri sk of obtaining uncovered spots.pal
and/ or cal cium contents should 15 preferably not exceed 0.03 W % ;

ot herwi se MgO or CaO floating on the surface of the bath may spoi'l t he
coating; noreover the bath becones |ess fluid which may result in a
degr aded finishing of the coating. The zinc rray be of any

30" however +ech IR ke b2 “&?fﬁeeb%@t G ot %s\;oe?' P3| og15
preferably at |drawhacknfthe Techniggiva® batriangithe drawbaekeof &P@PW watit | east Zn
99. 95. I Anommdvdme o\ Sdth St@tiePrdsbrt invéritorfie8 in tASActARAEIE fivda@icdr rACESS
consi sting Of apaqgm a | eF t'm%ntnps%tlhgn the prior art baths.

Noteworthy is also that in long run tests with the bath of present invention neither the formation

of bottom dross nor the formation of floating dross has been observed.

Also important is that the tin consumption is limited, the tin content of the coating being much

lower than the tin content of the bath.

10 That's why the bath of the present invention is particularly useful for the toll galvanizing process,
wherein the galvanizer has to treat all kinds of steel articles the silicon and phosphorus contents
of which is usually unknown to him,
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whi ch cont ai ns at |ea$L—19—%NE%‘WT characterized i
of the following 25 el iﬁﬁée% gy to said gal vani

chrom um nickel, bor nadi um zirc
copper, ni oWomlmrl u cobalt, antinony, cal eCumEP97/00864
lithium sodium potas n anmount that the bath contains |ess-

than 2 wt % of each eI enent taken separatel y. Al so. GB-22 89 .
691 describes the coating of a broad range of nmetal substrates with a
lowreflecting, highly corrosi.on-resistgnjugayer of zinc-tin based
alloy. An alloy coating with a zinc concentration range of 30-85 wt % al ong

Wwith atin 35 concentration range of 15-70 wt% i s divul ged. The alloy may
al so cont ai n hi oKith folotdip alvanizing corsintingrobalipyedzinp mbaracterizedin shatlit banteths The
coating may be @Hk'ﬁﬂoﬁ?x Mbeaﬁ%ﬁﬁii&Jb\(oﬁéﬂﬂarf&ﬂkné’tbpoosm%d?ﬁﬂﬁﬁénedf e.

by passing the netal substrate throu a coating vat containi n'% a nolten
al | oy. s aluminium, calcium and magnesuu the rest being zific and unavoidable impurities.

2. A bath for hot-dip galvanizing consisting of alloyed zinc, characterized in that it conlains
1 - 5wt% of tin, 0.01 - 0.1 wi% of nickel, lead at a concentration up to saturation and
0 - 0.06 wt% of at least one of aluminium, cakcium and magnesium, the rest being zinc and
10 unavoidable impurities.

3. Abath, according to claim 1, characterized in that it contains 0 - 0.03 wt% of at least one of
aluminium, calcium and magnesium.

15 4. Abath, according to claim 2, characterized in that it contains 0 - 0.03 Wi% of at least one of
aluminium, calcium and magnesium.

5. Abath according 1o claims 1 or 3, characterized in that it contains 3.5 - 14 wit% of tin.
20 6. A bathaccording to claim 5, characterized in that it contains § - 10 wi% of tin.
7. A bath according to claims 2 or 4, characterized in that it contains at least 2.5 wi% of tin.

8. A bath according to claims 2, 4 or 7, characterized in that it contains at least 0.03 wt% of
25 nickel.

8. A bath according to claim 8, characterized in that it contains 0.03 - 0.06 wt% of nickel.

10. A bath according to any one of claims 1 - 9, characterized in that it contains
30 0.005 - 0.015 wi% of at {east one of aluminium, calcium and magnesium.

11. A procass for batch-wise hot-dip galvanizing steel articles that may contain silicon and/or
phosphorus, characterized in that it uses the bath according to any one of claims 1 - 10,
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3 The invention is illustrated by the foll ow ng exanpl es.
Example 1 5 Six types of steel called X, M E, Db Rand Y with various

silicon and phosphorus contents have
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been gal vani zed in baths of SHG zinc with various tin contents, using a
bath tenperature of 450[err] C and an imersion time of 5 m nutes.

The coating thickness has been neasur ed. The results of these tests are
sumari sed | nwadmdlk hereafter. ' PCT/EP97/00864 .
4 ' ‘Eabl e 1 (Zn-Sn bat hs) :
2/
=+=0.010 Si ~=-0.092 Si
~4-0.177 Si —¥~0.450 Si
—e—0.018 5i + 0.069 P —e—0.075 Si + 0.017 P
400 um
350 ym
300 um
® 250 pm
4 ;
e
=
2
S 200 ym
£
a
o
o
150 um
100 um
50 ym
Oum :
0% 1% 3% 5% 10% 20% 30%
% Sn in Zn bath
Figure 2

SUBSTITUTE SHEET (RULE 26)




St eel' type X
0. 010

wt % Si
wt % P '

0. 017 Sn conwemwtnsi137 of bath
t hi ckness in pm

236
189

138 .

100
98
64
54

398
2.5 W%
222

10.0 wt %

81
78
61

coating thickness

M E D R Y.
0. 092 0.177 0. 450 0.018 0. 075
0. 069
BOUERIJo864
0.0 wt % 63 244 136
271 1.0 wt % 3/4 77 228
82 136 82 168
5.0 W% . 78 100
——0,030 Si 86 —4—0.092Si g7
20.0 W % . 65
57 30. O ®m®A77 Si —8—0.458 §i 58
67 52 % .
O 0.018Si+0.068 P ~x=—0.075 Si+ 0.017 P
450 ym
b
400 pym
350 um
300 ym
250 ym
|
200 pm L\
150 uym \
100 um e ‘?
N_‘
——
50 um
Ooum . - —
0.0% 1.0% 2.0% 3.0% 4.0% 5.0%
% Sn in Zn + 0,055% Ni bath
Figure 3
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The graphical representation of these results in the diagramof figure 2
shows. that froma tin content of about 3 wt% on five of the six tested
steel's present already a coating thickness of |ess than 150 [err] m and
that froma twmoeenxnt of 5 w%on all tested steels have aPF '
t hi ckness rangi ng between about 75 [err]m and about 1 10 [err]m ,10

In this context it should be noted that a &@ating thickness of 70 - 90
[err]mis the npst desirable one. It should al so be noted that
steel type Y with 0.075 % Si and 0.017 wt% P is a particularly

reactive one, the effect of P onotfgs teel reactivi t% ?gi%mg still much nore
Pronounced than that of I rom the above 48 'ts also clear
that the results do not inprove—@HdT Sihe tin conteft0.45@&kds 15 W %

and that it is recommendable tg o188 +WoeoPhan 1 gw9s 8i B.0.017 P
Exanpl e 2 20 The sane types of steel of exanple 1 have been gal vani zed in

bat hs of SHG zi nc w268 um
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e 150um
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&
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% Sn in Zn+1,2 % Pb bath
Figure 4
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0.055 wt % ni ckel and various tin contents in the sarre'conditions as in

exanple 1. The results of these tests are-summarised in table 2

hereafter. _ e L4 .- 5

Table 2 (Zn - 0.055 Ni - Sn bat hs) LT : Pt

’ S . : A7 2
Elc ["/"""’"‘_ -4 M«’Mei/r—o:'m a.,/ L~ Oy MIM/\J ol {rv%n v &

Hot-dip galvanizing bath and process

The present invention relates to a bath for-hot-dip galvanizing consisting of alloyed zinc, that is
particularly useful for batch-wise galvanizing steel articles, the silicon content of which is variable

5 or the composition of which is unknown.

When galvanizing steel in a conventional non-alloyed zinc bath serious problems arise, when the
steel coniains more than 0.02 wt% of silicon : the resulting zinc coating is both too thick and too
brittle and in addition it has a greyish aspect. This is due to the fact that the iron-zinc alioy laygr
10 that forms on the surface of the steel when the latter is in contact with a conventional zinc bath,
grows linearly with the time during the entire duration of the immersion, when the steel contains
more than 0.02 wt% of silicon. This is not the case with steels containing less silicon, as the

— growth rate is here proportional to the square root of the immersion time. The influence of the
silicon content of the steel on the coating thickness is illustrated in the diagram of the

15 accompanying figure 1 : the thickness peak on steels with 0.03 - 0.15 wt% Si is called the
Sandelin peak.
Efforts have already been made in the past to cope with this probiem. The Technigalva ®
process uses a zinc bath alloyed with 0.05 - 0.06 wt% of nickel. As shown in figure 1, the
Sandelin peak disappears in the Technigalva® bath, but the coaﬁng thickness still increases

20 with the silicon content of the steel. The PoI'ygaiva® process uses a zinc bath with 0.035 - 0.045
wt% of aluminium and 0.003-0.005 wt% of magnesium. As shown in figure 1, the Polygaiva®
bath gives rather good results ; it presents hdwever the drawback that its aluminium content has

| 1o be controlled very strictly, because the reaction between the steel and the bath blocks aimost
" completely once the aluminium content of the bath exceeds 0.05 wt%.

25 _

NEF The aim of the present invention is to provide a bath for hot-dip galvanizing consisting of alloyed
zinc, which makes the coating thickness much less dependent on the silicon content of the steel
than this is the case with the Technigalva® bath and much less dependent on small variations in
the bath composition than this is the case with the Polygalva® bath.

30 '
This aim is achieved according to the invention by a bath that contains either 3 - 15 wt% of tin or
1 - 5wt% of tin and 0.01 - 0.1 wt% of nickel and that may contain lead ai a concentration up to
saturation and at least one of aluminium, caicium and magnesium at a concentration up to 0.06
wit%, the rest being zinc and unavoidable impurities.

35
When the bath does not contain nickel, its preferred tin content is 3.5 - 14 wt%, the most
preferred tin content being 5 - 10 wt%. When it contains nickel, its preferred tin and nickel
contents are respectively 2.5 - 5 wt% and 0.03 - 0.06 wt%.
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Steel type X M E D R Y

Sn cont ent of bath _ . ... Coating thickness in
[err]m 0.0 Wt % 59 116~ © 134 - ., 212

413 242 1.0 wt % . 67.- 7 :97 " I 02

195 2.5 wt% 69 2 80 70 115

5.0 wt % 72 80 72 95 88

88 5 The graphical representation of these results in the diagram of
figure 3 shows that a tin content of 1 wt%gives already a significant

| mprovenent . 1k nkél SoMérR WFthk Bath mﬁ i L s M%%Pﬁm%@@@bé 8t 163t $/6Pw% ; otherwibé,the
content rangi ng, between 2.5 and

Exanpl e 3 10°°8 ing thiginess gy Wpsé‘gs@?t'a@&"@t@lth%?"w@& SPRteE ofithe, sige!. Howeerythe\nicke!, e d
i n baths of SblktertiniBtitiekdeed 04 WitsXootherwise there is a risk of formation of floating dross.

5
An addition of lead at a concentration that may attain saturation, for example 0.1 - 1.2 wt%, may
be useful in order to decrease the surface tension of the bath.
An addition of at least one of aluminium, calcium and magnesium, preferably at a concentration
of 0 - 0.03 wt% and more preferably of 0.005 - 0.015 wt%, may also be useful in order to protect
10 the zinc from oxidation ; otherwise a yellowish pellicie is formed on the surface of the bath, which
fouls the galvanized articles.

~ However the aluminium content mustrishould preferably not exceed 0.03 wt% ; otherwise there
is a risk of obtaining uncovered spots. The magnesium and/or calcium contents mustrishould
15 preferably not exceed 0.03 Wt% ; otherwise MgO or CaO floating on the surface of the bath may
spoil the coating ; moreover the bath becomes less fluid which may result in a degraded

finishing of the coating.

The zinc may be of any quali ing from remeited zinc scrap to SHG Special High Grade), It is
20 however recommended to use at least Zn 98.5 (ISO standard 752 - 1981), preferably at least Zn
99.5 and still more preferably at least Zn 99.95. ' ' T

It should be noted here that LU-A-81 061 describes a process consisting of a galvanisation bath
which contains_at least 70 wi% of zinc, characterized in that one or more of the following

25 elements is added to said gaivanisation bath : chromium, nickel, boron, titanium, vanadium,
zirconium, manganese, copper, niobium, cerium, molybdenum, cobalt, antimony, calcium,
lithium, sodium, potassium, in such an amount that the bath contains less than 2 wt% of each

element taken separately.

30

Mmmwmwmw&
broad range of metal substrates with a low-reflecting, highly corrosion-resistant laver of zinc-tin
based alloy. An alloy coating with a zinc concentration range of 30-85 wt% along with a tin

35 concentration range of 15-70 wt% is divulged. The alloy may also contain nickel, bismuth,
antimony, copper, iron and lead. The coating may be applied to the substrate by the hot-dip
process. i.e. by passing the metal substrate through a coating vat containing a moiten alloy.
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l'ead and various tin contents in the sane conditions as in exanple 1.

The results of these tests are summarised in table 3 hereafter. 15 .
Table 3 (Zn - 1.2 Pb - Sn bat hs) o : Stegl type, ..X M
E . D : R Y Sn content-” of bat'h-
Coating thickness in [errjm 1.0 wt% 3 79 219
199 1.5 w% : 192 2.0
‘é\f OOA) W % The invention is illusér&ted by the folloYigg examples. 88 174 1 3523' 5wt % 12 555
128 -
) Example 1
5 Sixtypes of steel called X, M, E, D, R and Y with various silicon and phosphorus contents have
been galvanized in baths of SHG zinc with various tin contents, using a bath temperature of
450°C and an immersion time of 5 minutes.
The coating thickness has been measured.
The results of these tests are summarised in table 1 hereafter,
ey
%,
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The graphical representation of these results in the diagramof figure 4
shows again the 20 beneficial effect of tin.on+he coating thickness.
The results achieved with 3 ww%tin are appareritly somvvhat better here

t'han in exanple 1 (see figure 2). That' s "wiiy it ey be useful to add
l-ead to the bath.
6 The foregoi ng nakes cl ear that the bath of the present invention

allows to avoid both the

Table 1 (Zn-Sn baths)

Steel type X M E D . R Y
wt% Si 0.010 0.092 0.177" 0.450 0.018 0.075
wt% P 0.069 0.017
Sn content |
of bath ' Coating thickness in um
0.0 wt% 63 244 136 236 398 271
1.0 wt% 77 228 189
2.5 wt% 82 136 82 168 | 138 222
_ 5.0 wi% 78 100 100 '
-~ 10.0 wi% 91 86 67 84 98 81
20.0 wi% 76 65 64 64 78 57
30.0 wi% 59 58 54 61 67 52
5

The graphical representation of these results in the diagram of figure 2 shows that from a tin
content of about 3 wt% on five of the six tested steels present' already a coating thickness of less
~ than 150 um and that from a tin content -6f 5 wt% on all tested steels have a coating thickness

ranging between about 75 um and about 110 pm. .

10 Inthis context it should be noted that a éoéting thickness of 70 - 90 um is the most desirable
one,
It should also be noted that steel type Y with 0.075 wt% Si and 0.017 wt% P is a particularly
reactive one, the effect of P on the steel reactivity being still much more pronounced than that of
Si.

15 From the above date its also clear that the results do not improve when the tin content exceeds

15 wt% and that it is recommendable to use no more than 10 wt% tin.

Example 2
20 The same types of stes! of example 1 have been galivanized in baths of SHG zinc with

0.055 wt% nickel and various tin contents in the same conditions as in exampie 1.~
The results of these tests are summarised in table 2 hereafter.
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'drav\/oack of the Technigal va bath and the drawback of the Pol ygal va bath.
Anot her advantage of the bath of the.present “fnvention lies in the fact
that ‘it gives a nicer floral 5 pattern and higher brightness than the

prior art baths. Noteworthy is also that-in long-run tests with the
bat h of present invention neither the formati on of bottom dross nor
the formation of floating dross has been observed. . Al'so inportant is

that the tin consunption is |limted, the tin content of the coating being
| ower than the tin content of the bath. 10 That's why the bath

much
of the present invention is par tlablel2dZny008eNySrtbathsi he tol | gal vani zi ng

‘process, wherein the gal vani zer has to treat all kinds of steel
articles the siligon and. ;ﬁos)Pnorus CONTENTS Of Which 1S _Usupl 1y
unknown him Steel type M E D R Y
Sn content '

of bath _ Coating thickness in um

0.0 wi% 59 116 134 212 413 242

1.0 Wi% 67 97 92 195 |

2.5 wt% 69 80 70 115

5.0 wt% 72 80 72 95 88 88

. 5 The graphical representation of these results in the diagram of figure 3 shows that a tin content
e of 1wt% gives already a significant improvement. It also shows that it is recommendable to use a

tin content ranging between 2.5 and 5§ wt%.

Example 3
10
The same types of steel of example 1 have been galvanized in baths of SHG zinc with 1.2 wt%
lead and various tin contents in the same conditions as in example 1.
The results of these tests are sumhaﬁsed in table 3 hereafter. .
15 ' - .
% Table3(Zn-1.2 Pb - Sn baths)
- ) Steel type X M E D R Y
= Sn content
of bath Coating thickness in um
1.0 wi% 79 219 199
1.5 wi% 192
2.0 wi% 1?’4
2.5 wt% 155
3.0 wi% 82 109 88 138 123 128

The graphical representation of these results in the diagram of figure 4 shows again the

20 beneficial effect of tin on the coating thickness.
The results achieved with 3 wt% tin are apparently somewhat better here than in example 1 (see

figure 2). That’s why it may be useful to add lead to the bath.
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7 _ CLAI MB 1. A
bath for hot-dip galvanizing with alloyed zinc, char acterized:in that it
cont ai ns 3 - 15 wt%of tin, l.ead at:-a concentration:up to
saturation and O - 0.06 wt% of at |east ong of 5 al urmi'ni um cal ci um
and magnesium the rest being zinc of any quality going from
remelted zinc scrap to SHG zinc. 2. A bath for hot-dip gal vani zi ng
with alloyed zinc, characterized in that it contains 1-5wm%

oot T OO mogilethod Uil ok 68l BoPFIRATILOR o Rekebta '
magnesi um t héraweask obise Tgchnigawa® bath and the drswbagiyof theaRalyogivaf®batty from renel t ed
zinc scrap t oangiier 2évaftage of the bath of the present invention lies in the fact that it gives a nicer floral
5 pattern and higher brightness than the prior art baths. .
Noteworthy is aiso that in long run tests with the bath of present invention neither the formation
of bottom dross nor the formation of floating dross has been observed.
Also important is that the tin consumption is limited, the tin content of the coating being much
lower than the tin content of the béth.
10 That's why the bath of the present invention is particularly useful for the toll gaivanizing procéss,
wherein the galvanizer has to treat all kinds of steel articles the silicon and phosphorus contents

of which is usually unknown to him.
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3. A bath, according to claim1, characterized-in that it contains 0 - 0.03
Wt % of at | east one of al um ni um cal:ci um and magpesi-um 15
4 A bath, according to claim2, characterized in that ‘it contai’ns 0 - 0.03

w % of at | east

5. A bath accord
- 14 wt% of tin.
that it contains
or 4, characteri
A bat h according

'east 0.03 wt % of

5

2.
10

- 3.

15

4.

5.
20

6.

7.
25 8

9.
30 10,

11.
35

N R

one of al umi ni um7 cal ci um and magnesi um

ing to clainms 1 or 3, characterized in that it contains 3.5
20 6. A bath accorC(EA to claimb5, characterized in
5 - 10 wt% of tin. —~ A bath according to clains 2

zed in that it contains at Ieas_t 2.5_wt%of _tin. 25 8.
Alb8thGbaolEip Salvahizitg GZ%M glfokrédagné, Brdrf@rizbd in @00 1 AbASIng!

3 - 15 wt% of tin, lead at a concentration up to saturation and 0 - 0.06 wt% of at least one of
aluminium, calcium and magnesium, the rest being zinc and-unaveidable-impurities.of any
quality going from remelted zinc scrap to SHG zinc.

A bath for hot-dip galvanizing eensisting-ofwith alloyed zinc, characterized in that it contains
1 - 5 wt% of tin, 0.01 - 0.1 wt% of nickel, lead at a concentration up to saturation and
0 - 0.06 wt% of at least one of aluminium, calcium and magnesium, the rest being zinc and

unavoidable-impurities-of any quality going from remelted zinc scrap to SHG zinc.

A bath, according to claim 1, characterized in that it contains 0 - 0.03 wi% of at least one of

aluminium, calcium and magnesium.

A bath, according to claim 2, characterized in that it contains 0 - 0.03 wt% of at least one of

aluminium, calcium and magnesium.

A bath according to claims 1 or 3, characterized in that it contains 3.5 - 14 wt% of tin.

A bath according to claim 5, characterized in that it contains 5 - 10 wt% of tin.

A bath according to claims 2 or 4, characterized in that it contains at least 2.5 wt% of tin.

A bath according to claims 2, 4 or 7, characterized in that it contains at least 0.03 wt% of

. nickel.

A bath according to claim 8, characterized in that it contains 0.03 - 0.06 wt% of nickel.

A bath according to any one of claims 1 - 9, characterized in that it contains
0.005 - 0.015 wt% of at least one of aluminium, calcium and magnesium.

A process for batch-wise hot-dip galvanizing steel-articles-that-may-contain-silicon-and/or l

phesphorus, characterized in that it uses the bath according to any one of claims 1 - 10.

* [ L M s *
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ni ckel .

9. A bath according to claim 8§, J
30 10. A bath accordi nga & ary oné

contains 0.03 -

of clainms 1 -
wt % of at

9,

0. 06 wt % of ni ckel .
characterized in that
| east one of alum nium cal cium and rmagnesi um

it contains

characterized in that jt- - -

0. 005 -

process for batch-w se hot-dip gal vani zi ng steel ,
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