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65 The specific heterocyclic compound or mixture of heterocyclic compounds is reacted with an 65
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The invention may be put into practice in various ways and a number of speclflc examples wrll
be given to illustrate the invention; examples 1 to 4 being examples of the method of

50 preparatlon of the brightener and Examples’ 5 to 11 being examples of electroplating baths . 50 X
mcorporatmg the brightener. _ :
EXAMPLE 1. | | ¥

A cationic alkylated polymer brrghtemng agent was. prepared by formmg an aqueous solutron
55 containing 0.9 moles imidazole and 0.91 moles epichlorohydrin which was heatedtoa .. 55

temperature of about 95°C for a period of 15 hours. Thereafter, 0.45 moles of 3-chloro-2-. :
hydroxy-propyl-trimethy! ammonium chloride were added and heating of the reaction mixture
was continued for an additional period of one hour to complete the alkylation reaction. The
resultant reaction medium after cooling is diluted with water té a concentration of about 385

60 g/I to make a stock solution prior to use. S 60

EXAMPLE 2

A cationic alkylated polymer bnghtener was prepared in accordance with the conditions and
sequence of steps as described in. Example 1 employing the foIIowmg reactants:



al cohol s, polyethers, polyglycidols, exthoxylated naphthols, and arofe
car bdnyl torrpounds may be adm xed in appropriate am)unts vmth t he al k)
pol yner, to provide an optinmum nmixture of brighteners. OF
tﬁejpr sent _invention, the cationic alkylated pol yner |s adgseataiﬁd)‘{ -
coritrol |l ed 40 anounts to any one of a variety of zinc plating baths,
eitMer alone or in conbination with additional conventional bri ght eners,

t hereby prewi-ei-rg—rpreved—brrghteni-rg effects in al kal i ne cyani de-free
zinc, al kaRpameantyani de zinc, and &ddle zinc el ectropl ating baths including

t he sulg 3 types. The magni tude of brightness
of the Zin 'Q%’g M |1 vary 45 what dependi ng upon the specific typ
~of zinc pl QP g,_g’ﬁi&}o* gpyich the "additive is used. 45 Preferably, the

cationic al Iqi,i aﬂ,gph,ﬂabmmrcmoﬁd@rrplmed in concentrations of from about

0. 001 9/ | —4p—t-6—abotH—26—0—g/H—TFhe—-Avent i on may be put into practice in

vari oudOways and a number of specific exanples will be given to illustrati®

the i nvenEfX8MPLERanpl es 1 to 4 bel exa | es . of the method of 50

preparati n‘*?ﬁ‘wE "E *‘ggf E)'ff P@Qafsdt"ba enpRriskylag iotha descrified in

el ect r opl ﬁ"ﬂ’é” SMREY'™EG"Y S‘V'BSF%ﬁcaH the brightener. EXAMPLE | A cationic

al kyI at %d_pminm_.bu_g.h.t_e.m_[lg_ag.e_uas prepared by form ng an aqueous 45

sol uti on 5Rescdntai ni ng 0.9 nol es ivgigkazol e and 0. 91 nol es epi chl orohydrl n

whi ch was—hkeated—+o—a——————b55—+tenperature of about 95C for a period of 15

hours. Thertquﬂh, 0.45 nol es of 3-@hl oro-2- hydroxy-propyl -trinethyl

anmoni y 'i? Y added and et i ng of the reaction m xture was

cont i nfed (f‘g " L |od) f one hour to corrp\etethe alkylatlor‘?0
. 1] mc ?

reaction. _The F’egu?"t' eacﬁ on nmedium after cooling is diluted with water

to a concentration of about 385 60 g/l to make a stock solution prior to

use. EXAMPLE 4 60 EXAMPLE 2 A cationic

al kyl at28d protatioric alkylatpdtpelyerer haght@vee pas prbpanad frcacodam®awithi thh ptdsedwendi t | @8s

and sequepeseriksd |5tEé1mpla§ MMngj@afcﬂthaam@tﬂ enpl oying the fol | ow ng

reactants: 3

@B 2 020 Z98B 3 Reactant Mol es 5 |Imdazol.e-

1.0 Reattant Moles 5 Epi chl or ohydri n- 30

0.9 3- cahl Ofr@azdtellydr oxy propyl tringghyl anmmoni um chloride 0.2 10

10 EXAMPLEEgichohydrinni-Cc al kyl at ed gqo@l ymer bri ghtener was prepared in a

manner si m3ichlord-2-hydretypchpgicr i bed i n Exanple 1 enploying the follow ng
react ants: ItHmethyl ammonium chloride 0.2

15 Reac¥Parmt Wb es Pyrazol e- 1. ®®
Epi chl oro MHZ' 0.9 20 3-chl oro-2-hydroxypropyl
20 trimet mlmmresnhﬂ@ solutiort wasp¥pkred thegrporatifiy %hh&@&.&m@%k&hat ed
pol yrer bfd"grbﬁ,gréeﬁcem.oagepare in accordance with the proCedure -
descri'd in Exanple 1 enploying the follow ng reactants: Reactant 40
Mol es
'lng‘f___eﬁient - Concentration
_ Zn 7.6 g/l
45 NaOH .98 g/l 45

Brightener (Example 1) 19/l

The brightener employed corresponded to the cationic alkylated polymer prepared in accor-
50 dance with Example 1. The plating bath was operated at a pH of about 14 at a temperature of 50
about 24°C in a standard Hull cell at two amperes. The test panel was observed to have a
ductile and bright zinc deposit at current densities between 10 and 80 amps per square foot
(ASF) (1.1 to 8.6 amps per square decimetre (ASD). :

55 EXAMPLE 6 55
A zinc plating solution was prepared mcorporatmg the constituents in the concentra'nons as
set forth below:



307~ . N
30 Te 1.0 Epichl orohydrin- - 0.9 "
3- chlelec 2- hydr oxypropyl trinmethyl ammonium chloride 0. 283% T v

2
35 EXAI\/PLE 5. An _agueous zinc electroplating solution was pr enaPe2 88 _ 4

I ncorporating the ingredients at the follow ng concentrations: 40 v
40 | ngredi ent” Concentration Zn 7.5 g/l 45 ™

NaOH —— 98—+ -

45 Bri g‘ﬁ@f@ﬁ'&“ (Exarrpl e 1) 1 dfanceri@tion | ght ener enpl oyed cor r esponded to
t he cat o(;r ﬁt ed pol'ymer pyep I'n accor- 50 dance with Exanple
The p bat s operated aty, ﬁof about 14 at a tenperature of ?o
about [g\,’rgr enbf(ERantplg@ngiar d Hul | oz%a?n@tﬂtwo anperes. The test panel was
obser ved-to-have—a—ductitle—andbright—zine deposit at current densities

bet ween 10 and 80 arrps per square foot (ASF), (1.1 to 8.6 an}?s per square
deci Mtr @hq Eaad a test panel was plated at 60 ASF (6.5 ASD). The resultant -

55 A ziRge 8 ZinOBPIsH byt WaTohsAved ihaqvp paet
t he Cg:—{&%‘ﬁ @a?y%’fﬁige i-ﬂia r?lgﬁ FIgtic 18\»¢plca APCId zinc sulphate solutions. nts in

GB 2 02Bca1BLeS7 4 ingredient - Concentration 5 Zn
(f r o Zn Ah@gidals zinc electroplating soluticfbwaprbpared incorporating the ingredients in the 15
5 [ er r ]concentrations as set forth below: 22.5 g/l Brightener (Exanple 1)

20 rrg/l 10 The solution has a pH of 4.5 and a test panel was plated at

60 ASF WWWWS found to have a fully bright
and dpgredient ¢ deposit but waLBBYRRUYY t o have poor recessed cover agg.

The tter characteristic is ty of acid zinc sul phate sol utions.
EXAI\/PLI%'%.@LS An aqueous zinc ggagpr opl ating sol ution was prepared

I ncor pagalON Ng the ingredients imMgga 15 concentrations as set forth bel ow:
| ngr edi Brightener (Example 1) 5n)mc,éht rat ion 20

20 Z@A5 18 g/ F—NaCH 25

50 ny/ | -

25 A stel tgre?terg‘ﬁ'élm e “*F‘aﬁa“a' e bé'gflfu'i’t“” nl1 GOA I:Ng)Ho E(iarse'ﬁés and at a
terrpgoagmmpmg[err] and a pH of greater than 13 The test panel was bgpght
bet ween An-a6id zikBichlpfidd platingssdfutidbbl)as pdipaied Addetdordling the ingredients in the

- 30 An aroncentriatiansch ise fodle bplbwit i ng “sol uti on was prepared incorporating the

i ngredients in the concentrations as set forth below 35 Ingredr ent

75 9/1 %%el test panel was plated in a Hull cell at two amgeres an hat tcearI;]\%trara re gfrg)é E anzl

Cone gE t hr'\g‘rtetlilgn Concentration | 35 . 35
Zn (from Zn CL) 35 g/l
Cl (from KCL or NH,CL) 1656 g/l
Brightener (Example 1) 0.75 g/| L .
40 - . 40

A test panel was plated in the foregoing solution at a pH of 5.5 and at a current densrt-yr of"40 *
ASF (4.3 ASD) and at a temperature of 21°C and a pH of 5.5. The test panel had a bnght to
semi-bright appearance.

45 : o 45
EXAMPLE 9 s
An alkaline, cyanide-free zinc plating solution was prepared mcorporatmg the foliowing .
ingredients: _ ;
50 - . : < 50
Ingredient - Concentration . ¥
Zn (from Zn O) | 8.0 g/l
NaOH 85.0 g/!| y
55 Brightener (Example 4) 2.0g/l o 55

* The solution was plated at a temperature of 22°C in a Hull cell at 2 amperes at a pH of
greater than 13. The deposit is bright between 5-75 ASF (0.5 to 8.1 ASD) and is very ductile.

60 To further illustrate the improved results achieved by the present invention, the following tests 60
were conducted in pursuance of the teachings in Example 1 of U.S. Patent No. 3,954,575;

EXAMPLE 10



Zn (fromzn d 2) 35 g/l d (fromKCL or NH4CL)
165 - g/l.Brightener (Exanple 1) _ 0.75 g/l 40

40" A test panel was plated in the foregoing solution at a pH of 5.5 ané
a currént density of 40 ' ASF (4.3 ASD) and at a tenperatur e G&20202988and &
pH of 575, The Test panel had a brignt to sem-pright appearance—45

45 EXAMPLE 9 An al kal.ine, cyanide-free zinc plating solution was prepared

i ncor por aLLng the foll ow ng i ngr ediepts: K0

50 “gr edingrddient Concentatisrat i on Zn (from Zn 0)

8.0 g/|. NaeH ' - 85—6—g/| 55 Brightener (Exanple 4)
2.0 g/15 Zn (from Zn O) (?7-5 g/l 55 The sol ution was pl ateds
at a teanﬂ ure of | Jul | Ilg/ﬁt 2 anperes at a pH of greater than
13. The d ﬁ%é??°'i<f§°%§‘.%§h#-5%§ﬁ§£n 5§7§ SF (0.5 to 8.1 ASD) and is very
ductile. 60 To further illustrate the inproved results achieved by the

presentiol NIaB tplatifg bathds bpérbtaaat g térisdratuRf\2* € i ® BidHE4r8 Hiuli el it 8 4dipeRs3t 10
t he teacha pfofigneatecaimgn €3. The ftest/p&ne! Mak @bseridd. ashating axldidy Bt} ndlébmi- S
GB2020298byight appearance hetween dA+80 ASF (1.1 to 8.6 ASD) and dulDdetrk @ppeatdrice belowZ10

(from zn §$F (1.1 ASD). 7.5 g/l

5 NaCH : 75 g/l Brightener (from USP 3, 954, 575)

1 g/l 118 Exwlep"%ﬁéti ng bath is operated at a tenperature of [err] in a 15
standard Hull cell at 2 anperes at 10 a.pH of greater than 13. The test
panel wasingbsitenved as havi ng a cl o@dicentrbtichaky and sem - bright appearance
bet ween 1 . . ark appearance bel ow 10 ASF -
(1.1 AQQ)Z';%Q W E 11 ;5 g/éll o 20
%g | glglr ed rig tsener (from USP 3,954,575) 2%2\9% ration 202€n[ é”fm Lerr])

22.5 g/l Brightener (from USP 3, 954, 575) 20 nmg/l- 25 The solution has a

pH of @igoutThé sbiutictResca pi¢ ot alia a5, iand 2l tadt Pandl s Slatelllid a HalllceMbt 2 aRPRREEFhe 25

The 25 papasiel wasbibticarid dewdly throughout its dingdnsighs witls refkitively poonRcydstcoversgeat | vel y

poor r ecebejow JOASINE- HLABBIThE resgis ghbuld bkSPmparedao tieasalof sxamimie Bdvlileh ditiarsar ed

to those ofly idbrightenethi ch differs only in the brightener. 30 CLAI M5

30 1. - AAbRj ner for aqueous zinc electroplating solutions conprising a
SoLEraMs

bath s > GotrlghilinGr 3 5¥UeBl & ABGRRARD 90l RRs BRbARE 3b3AC eyl at | o
of a poly lat&f"c eh&tibk‘ il?ﬁ@ﬁ&ﬁt@iﬂgd)gﬁggﬁ t_id?iﬂf%%ﬂ?lﬂ?@ﬁé?ﬁygrtl'\éqregamﬂouna and
a het er ocprotuc of enppitislchydifiv ico@pdurid sl Hhetérodychie BdMpcUAd Waltiglg @iV dr BixNY at

| east t womembered eing &bmatainingtat éeastativomitndgee pitdnad, diwydtio of éphdiatyario ay Bétedcydlic
conpour@ enmpeynd heingdn therrarge(.§ to 3 molap! eolel withlap, alkyiating ageret] desrbspondigg ag) e 135
cor r espontedgMuWp:35 t he fornul a: o - :

[X-R-N(R"),]* X~

40 Wherein: 40
R represents a —(~CH,~CH,-)- or a ~(-CH,~-CHOH-CH,-)- group,
- R’ represents an alkyl group of 1 to 4 carbons, and '
X represents a Cl, Br or | atom,

45 the ratio of alkylating agent to heterocyclic compound being in the range 0.1 to 0.5 moles: 1 45
mole.
2. A brightener as claimed in Claim 1 in which the heterocyclic compound is used in a
molar excess relative to the epihalohydrin compound.
3. A brightener as claimed in Claim 1 or 2 in which, the said epihalohydrin is used in an :
50 amount of 0.9 moles and alkylating agent is used in an amount of 0.2 to 0.3 moles. 50
4. A brightener as claimed in Claim 1, 2 or 3 in which the epihalohydrin compound
comprises epichlorohydrin. '
5. A brightener as claimed in Claim 1 2, 3 or 4 in which the alkylating agent comprises 3-
chloro-2-hydroxy-propyl trimethyl ammonium chloride.
65 6. A brightener as claimed in any one of claims 1 to 5 as specifically described herein with 55
reference to examples 1 to 4. : '
~ 7. An aqueous zinc electroplating salution comprising zinc ions and an effective amount of a
bath soluble cationic alkylated condensation polymer as claimed in any one of claims 1 to 6.
8. An aqueous zinc electroplating solution as claimed in Claim 7 which contains the bath
60 soluble cationic alkylated condensation polymer in concentrations from 0.001 g/lt0 26.0g/l. 60
9. An aqueous zinc electroplating solution as claimed in Claim 7 or Claim 8 substantially as
specifically described herein with reference to any one of examples 5 to 9. '
10. A method of electrodepositing a bright zinc plating on a substrate which comprises
electrodepositing zinc from an aqueous zinc plating solution as claimed Claim 7, 8 or 9. )
65 11. A method of electrodepositing zinc as claimed in Claim 10 substantially as specifically 65



[ X-R-N[err]][err] 40 Werein: u .
40 R tepresents a -(-[err]-)- or !{IIIIL“'EL“]”MI'HH) group, R |
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