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Field of the invention The present invention relates to a novel flux useful
for hot dwpogagiaeni zing of iron and iron based alloys. TIRETINEZ@NE3

invention also relates to a process for the preparation of the 5 flux and
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15 3. Fluxing
4. Dry and
5. Hot dip galvanizing
Hitherto known processes for fluxing use a mixture of zinc chloride and ammonium
chloride in dry fluxing and ammonium chloride in were fluxing. These know processes are,
20  however, associated with a number of drawbacks such as :

a. They are extremely corrosive towards the steel articles,

b. Dross formation is very high,
C. Pollution problems are encountered due to the decomposition of ammonium

chloride to form ammonia and hydrochloric acid fumes and
25 d. Black spots appear due to improper fluxing i.e. uncleaned oxide on the surface.

In the hot dip galvanizing of iron and iron based alloys, oxides are formed on the
surface of the iron or iron alloy, thereby resulting in several problems such as formation of
black spots, formation of dross and the like. It is therefore important to provide a flux, which
overcomes the aforesaid problems associated with the art.

30 Objects of the invention

The main object of the invention is to provide a process for the preparation of a novel
flux useful for hot dip galvanizing of iron and iron based alloys.

Another object of the invention is to provide an improved process for hot dip
galvanizing the said flux, which obviates the above-mentioned drawback.
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flux useful for hot dip galvanizing of iron and iron based alloys. Another
object of the invention is to provide an inproved process for hot dip

gal vani ziwg mhesisai d fl ux, which obviates the above-nenti ecadNor@okseack. 1
WO 03/ 083156 PCT/ I N02/00083 Sunmmary of the invention Accordingly, the
present invention provides a novel flux useful for hot dip galvanizing of
met al Semboetry af dse iny@ROIF | ux conprising a mixture of chlorides of zinc and
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iL. Stirring the mixture of solutions resulting from step (i) above under constant
stirring while maintaining the temperature under constant stirring while
maintaining the temperature in the range of 70 to 110°C

iil. Raising the gravity of the mixed solution by evaporation to effect solidification of

20 the reacted product, cooling the solution to room temperature for separating
resultant flux from the unreacted salts.
In one embodiment of the invention, the solutions are mixed for a period of 30 to 150
minutes
In another embodiment of the invention, the chlorides of zinc and ammonia are
75 selected from either laboratory reagent grade or commercial grade chlorides.
In another embodiment of the invention, the chlorides of zinc and ammonium are
substantially free from impurities such as iron.
In another embodiment of the invention, the solutions of chlorides of zinc and
ammonium are a common solution of both reagents.
30 In another embodiment of the invention, the solutions of chlorides of zinc and
ammonium are prepared separately and then mixed.
The present invention also provides an improved process for hot dip galvanizing a

metal substrate using the said novel flux which comprises:



I n anot her enbodi nent of the invention, the solutions of chlorides of zinc
and ammoni um are a common sol ution of both reagents. 30 In another
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Detailed description of the invention
The present invention describes the synthesis and use of the novel flux-(triple salt
flux) used in hot dip galvanizing process. This flux of the surface to be galvanized enables it
20 to get rid of oxides of iron present on the surface. These oxides if present on the surface
create problems such as black spots on galvanized materials, dross formation, etc.
The fluxing is achieved in two ways:
a. Dry fluxing : Where the article to be galvanizing is treated in the solution of flux
prior to their immersion in the molten zinc bath ad
25 b. Wet fluxing: Where the surface to be galvanized is fluxed in situ into the molten
zing bath itself.
In the process of the present invention, a thin coating of iron-zinc-ammonium chloride
is formed on the articles to be galvanized when they are dipped in the appropriate
concentration of novel flux consisting of triple slat dissolved in the water. The triple salt is
30 prepared by reaction of zinc chloride and ammonium chloride in an appropriate molecular
ratio, temperature and time. The triple salt is crystallized, filtered and used as flux at an
appropriate concentration.
The process for the preparation of a novel flux useful for hot dip galvanizing of iron

and iron based alloys comprises:



25 b. Wet fluxing: Wiere the surface to be galvanized is fluxed in situ
into the nolten zinc bath itself. In the process of the present invention,
a thin coaoiagsxbeiron-zi nc-ammonium chloride is fornmed ®oTiNe/@0$3 cles to
be gal vani zed when they are dipped in the appropri ate concentration of
novel flux consisting of trlfle sl at d so ved be water. The.tr eDle
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an approggdégto@ (l,q:gy)ga ratio, tenperature and tinme. The triple salt is
crystalliz 18 'tered and used as flux at an appropriate concentrati on.
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aqueous sol ut1on of ammonium chl oride and heating to.a tenperature _in the
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(ii) abovge under st.apt St rein niaining the tenperature under
const ant E‘Haflg?ﬂg;‘mf@%frﬁ%ﬁf\? g’é\ypﬁ%%oe%ﬁeurt% ure in the range of 70 to
110C fof mauifgs hiRde@ling0r ti AHRdHEoNilonsby bvdpatdtiondotdiRcysdlidificatioh offte ni xed
sol ution by evaporation to effect soli J fication of the reacted product,
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t he eact e According to a feature of invention the chloride
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ii. Di p@vah@ukhﬂm’rectmﬂlpmabst rate to be galvanized in the said bath for a
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as described above raising the temperature of the flux solutions in the temperature range
of 40 to 110° C.
ii. Dipping the metal substrate to be galvanized in the said bath for a period in the range of
30 to 300 seconds.
20 iii. Drying the fluxed metal substrate with hot air and
iv. Galvanizing the articles in molten zinc bath by known methods.
By the process of the present invention, galvanizing of iron and Iron based alloys is
achieved having reduced iron based alloy dross generation (10 to 50%) galvanized coating of
high adherence and least pollution to the atmosphere.
25 The following examples are given by ways of illustration and should not be construed
to limit the scope of the invention:
Example 1
A solution of zinc chloride containing 200 gms/lit of zinc chloride was prepared and
heated to 100°C. Another solution of ammonium chloride having 800 gms/lit was prepared
30 and also heated to 100°C. Both these solutions was mixed in hot conditions under constant
stirring. The mixed solution was boiled for 15 minutes and cooled to room temperature. The
filtrate was taken and its specific gravity was raised to get the crystals of triple salt. The

crystals were analyzed by X-ray diffractometry and the chemical methods. The strong peaks



iv. Galvanizing the articles in nolten zinc bath by known nethods. By the
process of the present invention, galvanizing of iron and Iron based all oys
is achi ewed3jssishg reduced i ron based al |l oy dross gener aPConN(LU®os30 50%)
gal vani zed coating of high adherence and | east pollution to the

at nosphere. 25 The foll ow ng exanples are gi ven, by ways,of .il.lustr.ation and
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sol uti i .oride containing 200 gns/lit of zinc chloride was

pr epartggféaﬁr?a%h%geasg@d to 100C. Anot her solution of anmonium chl oride having
800 gree/2zrit was prepared 30 and al so2h8ated to 100C. Both these sol utions
was m'd&e(g in hot conditions under cong@)ﬁgt stirring. The m xed sol ution was
boi | ed’r 15 m nutes and cooled to roomtenperature. The filtrate was
taken gnehdif s specific gravity was rajgsed to get the crystals of triple
salt. The crystals were analyzed by X-ray diffractonetry and the chem cal
met hod% NHi@ st rong peaks 4 WO 03/ 083488 PCT/ |1 N0O2/ 00083 of ZnCl3NH4C

wer e oﬁserv&} in X-ray diffraction pattern. The chem cal anal ysis exhibited
the folFUMPKYS results: %zn 22.80 % d 60.06 5 % zZnd 2 46.00 % NH4C
54.00 Exanplsglutio having 300 gmAN iofgind @Alogids Ahd 50@EmzAlinof ahinoniudecllondé 00
gns/lit of ammoni um chl ori de prepared and heated. to

was, 0C. Thi

t enper wetiPeepared andi heetedried 105¢- Bhisfemperatire vag mapfawigd for %% ‘W&‘s‘te&oiﬁ‘f‘ed to
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t ube sg,&qﬁﬁas (2.5 cmdia 1.0 nmthickness and 15.0 cmlength) were
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treate is solution for one minute at 80 to 90C. These coupons were
dri ed Esampled®rsed
15 A water solution of 20% of the product prepared as in Example 1 was prepared and

small mild steel tube specimens (2.5 c¢cm dia 1.0 mm thickness and 15.0 cm length) were
treated in this solution for one minute at 80 to 90°C. These coupons were dried and immersed
in the bath having molten zinc at 450°C. Following observations were noted :
i. Evolution of white fumes was 50 to 70% less compared to the conventional process;
20 ii. Adherence of the coating evaluated by bend test passed the stipulated standard.
iii. Copper sulphate dip test ; passes 12 dips
Example 4
A water solution having 40 gms/100ml of the triple salt as prepared in Example 1I was
heated to 100°C and tube specimen of dimensions (2.5 cm dia 1.0 mm thickness and 15.0 cm
25  length) were treated in this solution for 1 minute. They were then dried and dipped in
galvanizing bath maintained at 450°C. The following observations were noted
i The white fumes evolution was less by 50-70% compared to conventional bath;
i, Adherence of the coating passed the standard tests of adherence.
iii. Copper sulphate dip test : Passed 12 dips
30 Example S: Corrosion studies
Mild steel coupons of size 7.5 cm x 7.5 cm were immersed in the solution prepared by
this invention and also in the solution conventionally prepared, for 6 hours maintaining the

temperature of the bath to 70°C. Following results were obtained:



in the bath having nmolten zinc at 450C. Fol | ow ng observations were noted :
i. Evolution of white funmes was 50 to 70% | ess conpared to the conventi onal
process; wd®siog31siddher ence of the coating eval uated by bemdTiizeYoopgsssed t he
stipulated standard. iii. Copper sul phate dip test ; passes 12 dips
Exanple 4 A water solution having 40 gns/100mM of the triple salt as
preparBuxin Exanple |1 was heated to 190%ro8ifl Rat%e speci men of di nensions
(2.5 cmdia 1.0 nmthickness and 15.0 cm é.ﬁ kength) were treated in this
solution for 1 mnute. They were then drie g d dipped in galvanizing bath
Mai nt airieel sdt badedflux The fol | owi ng observatidds were noted : i. The white
funmes evolution was | ess by 50-70% conpared to conventional bath; ii.
Adher ehtrrepared Ry theRie§Ay passed the standard tests of adherence. iii.
Cogper1n§é{+tggate dip test : Passed 12 dips 30 Exanple 5: Corrosion studies
M I'd steel coupons of size 7.5 cmx 7.5 cmwere imersed in the solution
prepared by this invention and also in the solution conventionally
prepared, for hours nai ntaining the tenpe,ature of the bath to 70C
Fol | ovf?f@’ef‘%%fﬁ‘?ﬂ&xmere obt ai ned: 5 WD 03/ 08%156 PCT/ | NO2/ 00083  Fl ux
Cor r osTiRi3e RahRs WMRlYcatelthhithe n6wdi fluRdasd dnl triyiedalt afslepreopasied. by the present 5
I nvention Conventional flux 81 These figures indicate that the novel flux
based Bire mpingmdsaniage ofghepresans invgptigfsd¥e. The mai n advant age of the present
i nyention ape: 10k il DSy LY BORIRR RBHGRS cbiBarb®! thUbdrBntRinab! ens
colrgpar ed"t ?@%R\%%ﬁ@i gﬁgﬁl&f F%@géss E)H;} gg‘ 70% Ffo@ It is E?)% | ess corrosive
than the cofweRbyc0al0% | uxes. This is expected to reduce dross fornmation,
iii. Coating.is very adherent to the stee] _surface; 15 iv,.. lt can, be
oper at ed liat t39°59% lofsspIroses tq'éﬁm?e‘fﬂ“rv‘é‘itloé‘ﬁ ﬂ‘&?ﬁ‘pﬁ?l § Ppeetrd e fuehithal
formation;
iii. Coating is very adherent to the steel surface;
15 iv. It can be operated at 30 to 40% lower concentrations compared to the conventional
fluxes, in the bath leading to saving in space for storage of the chemicals and reduced

hazardness due to the handling of diluted solution.



fluxes, in the bath leading to saving in space for storage 1

and reduced hazardness due to the hgndl i ng of diluted sgl u?{ o;.hEGC\r/]\%m cal's
03/ 083156WPB@3H083482/ 00083 We claim 1. A novel flux usefulPCraNodwosxdi p

gal vani zing of metal substrates, said flux conprising a mxture of
chlorides of zinc and anmonia. 2. A flux as claimed in claiml| wherein the
amounWeélamnc chloride is in the range of 35 to 5 55 %by weight in the

final flux. 3.,Af i i, i i - :
JFpx 3 oA fLs @5 h6! abBldnkisd 8f Melal WiBdRLR, bdie fAxotontprisingaamoni um
chl Ol‘lld |n§’_vi§n l‘Ex_hléier ange g‘lf b% tg_dlf Y% by evvei ght in the final F:‘rl unge1 4. A
flux as mixaireedchloriddsaif mint amdemeiania.he the netal substrate conprises

articles made of . iron and iron.based alloys. . ] f
pr epalatf dhwxge clpimed &) ?IF‘I"hJ( "ﬂ‘féef‘ﬁl?hef BPoHs P ¥ "B Cg‘é’fr"\“}%ﬁ% ’?irtﬁg?%?e rcr,g'? g}t@e
supst rat%s%\éﬂyh‘gggﬁ[qmémﬂuk Preparing 5-50% aqueous sol ution of zinc

chtoride an ating to a tenperature in the range of.8Q to,115C and
10- 50% agfeaus chimed inotaiof 1 wiketsi thamagioust ‘Pfowfawaug‘efé‘f‘?%% is frpthe TaNge ol at ur e

in the ran e‘bﬁ%@?%ﬁﬁ?ﬁ‘%ﬂ@%é&%‘&‘g‘” Stirring the m xture of solutions

resul ti n@s under constant stirring while maintaining

t he t PRI MlUsECIHRRA In CRiMHt IBRheid theithe metil Isebstmatentommprisag attiskes neasier at ur e
in the range of 70 to 110Ciii. Raising the gravity of the m xed solution
by evapoiret aethirembased alQyssol i di fi cati on of the reacted product, cooling

the sol ugion Lo £ LEBRSHA WEG AdVel FERAIsBRI Tor heSibt @iNantding of 26etdlr om t he
un'ﬁea_(cjgt' eé‘ RIS, og. _ Abp 0CEeSS as C aei med isn claimb5 \?hggdrptainn “%gr(\g sol utions
are m xegysghted wheshicothpeikes30 to 150 minutes. 7. A process as clained in

" abor ator yremege o dueeays s PLre CHPAde bnrar frae S SERE e 1 8 2t oo
Cnst ant | o e 6 A pr ocess a6 ol a1 med i
clai m 5 whemeempdriteresiolthet iaogsol0 ohllldr Cdes of zinc and ammnium are a
Colnsm) nii.SO|ch}rlrix?gn t}(ljef m?x%rg of s%gﬁ{?)tng ‘resulting from step (i) above under constant stirring
while maintaining the temperature under constant stirring while maintaining the
temperature in the range of 70 to 110°C
ii. Raising the gravity of the mixed solution by evaporation to effect solidification of the
reacted product, cooling the solution to room temperature for separating resultant flux
20 from the unreacted salts.
6. A process as claimed in claim 5 wherein the solutions are mixed for a period of 30 to 150
minutes.
7. A process as claimed in claim 5 wherein the chlorides of zinc and ammonia are selected
from either laboratory reagent grade or commerciai grade chlorides.
25 8. A process as claimed in claim 5 wherein the chlorides of zinc and ammonium are
substantially free from impurities such as iron.
9. A process as claimed in claim 5 wherein the solutions of chlorides of zinc and ammonium
are a common solution of both reagents.
10. A process as claimed in claim 5 wherein the solutions of chlorides of zinc and ammonium
30 are prepared separately and then mixed.
11. A process for hot dip galvanizing a metal substrate comprising:
i. Preparing a bath of 15 to 20% aqueous solution of a flux comprising chlorides of zinc

and ammonium, raising the temperature of the flux solution in the temperature range of

40 to 110°C.



10. A process as clainmed in claim5 wherein the solutions of chlorides of
zinc and ammonium 30 are prepared separately and then m xed. 11. A process
for hot dwpogabasasi zing a nmetal substrate conprising: i. Pcapsoei/ovgsa bath
of 15 to 20% aqueous solution of a flux conprising chlorides of zinc and
ammoni um raising the tenperature of the flux solution in the tenperature
range of ii. Bipping m@.talwzulma@sp@agwemmﬁryn|thw/@8@f§3 ii. Dipping the netal

substrat g; g B¢ HEhYAN A& dBstAEwaAld BRbA 111 Drying the fluxed netal

substrat &"w alr an vani zi ng the netal substrate in nolten
zi nc bat kv, Galvanfrify the @ssalaabstiagd imadbolien zidcdbath. 11 wherei n t he di pping of the

article is done for. a period jn 5 the range aof, 30,.t0.3Q0 seconds, ;13. A
pr ocesk?- Asproress gt glajmedoingglam 4l ‘(XB%TF‘é‘itﬁe f]WBg‘&rPgﬁlhet argiele )8 ﬁ%“ecﬁ’rSPF Hed ?ns in
the ra”g?heonfar)%egéfid)to%%%%wﬁdé’m ght in the final flux. 14. A process’ as

I m

claimed in c 11 wherein the amount of ammoniumchloride is in the

range tf. /process4sddimedvin glatm il h whregeif itheaameuntof zirg chipridg igip ghes@ng ot ai ned
inclaim1l wierein the metal substrate conprises articles nmade of iron
and iron 3%&%\53 }&EYEY)‘?@W%&&‘%I *-a novel flux conprising a mxture of

chl ori gess gfockisngs @aithedARIMIHM f Whefdie tHeCdmoudt of @admvatiinni ahdpriafe Bt ahe
substrates. 17. Use as clained in claim16 wherein the anpbunt of zinc

chl ori de rangeiof 66le 45 %arhyeveightas thefim fluxs o by weight in the final flux. 18.
Usgy as) &1 QL IRded 1) il Hfbrdi Lo TSRS LSS idge b6 i N
thﬁ0 r ah%ée Bfoce%%astc?)a’%g%’%galv\wg?%ﬁ#ﬂz{éﬁgﬁh%n% {r? u&mﬁ%ﬁ Use as clainmed in
cl ai m 16 jwheindiifonttasedatiogs. substrate conprises articles nmade of iron and
iron based alloys. 20 25 30 ) . . .
16. Use of a novel flux comprising a mixture of chlorides of zinc and ammonium for the hot
dip galvanizing of metal substrates.
17. Use as claimed in claim 16 wherein the amount of zinc chloride is in the range of 35 to 55
15 % by weight in the final flux.
18. Use as claimed in claim 16 wherein the amount of ammonium chloride is in the range of
65 to 45% by weight in the final flux.
19. Use as claimed in claim 16 wherein the metal substrate comprises articles made of iron

and iron based alloys.
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