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by elecuo-deposmon techniques which are par-
ticularly suitable for use in electroforming,
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an outer surface, sits so prox

The term ‘el i’ as used herein is
to be understood to mclude electroforms.

As is well known, the production of electro-
forms involves building up deposits of ade-
quate thickness on a mandrel, which in turn
requires that the stress in the deposit should
not be so high as to cause premature separa-
tion of the deposit from the mandrel. As is
further known, the -electroformability and
hardness of nickel can be improved by electro-
depositing the nickel from an electrolyte con-.
taining addition agents which introduce sul-
phur into the resulting electrodeposit. How-
ever whilst the sulphur improves electroform-
ability by reducing the stress in the electro-
deposit it does so at the expense of its duc- -
tility, and sulphur contents in excess of
approximately 0.005%, will cause the electro-

" deposit to embrittle when exposed to tem-
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peratures in excess of appmmmately 200°C.
‘This ' temperature embrittlement . is parucu-
larly -disadvantageous in articles consisting

~of or including electrodeposits requiring ex-
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posure to -elevated temperatures, either in
use such as moulds and dies, or in manu-
facture such as screen printing cyhnders which’
may be subjected to localised heating by
brazing, welding or by the use of heat curable
glues, or during- surface masking usmg heat
curable lacquers.

' We have now found that ¢mbrittlement of

1: contammg, bﬁ wexgg Lﬁ’om 0.007 to

1%, sulphur and sufficient manganese, in the

range of from 0.02 to 5%, in excess of the -
stoichiometric amount necessary to form man-
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ganese sulphide with the sulphur, to improve
embrittlement resistance of the electrodeposit

at temperatures exceeding 200°C.

The mechanism by which the embrittlement
is reduced. is not understood, but surprisingly
it appears that when the manganese contain-
ing electrodeposit is exposed to temperatures
in excess of 200° harmful brittle grain bound-
ary films of nickel sulphide are not formed.

Possibly this may be due to the formation

of less harmful manganese sulphides in prefer-.
ence to mnickel su!.pluds at temperatures
greatly in excess of 200°C but at temperatures
up to about 400°C significant amounts of
manganese sulphide are unlikely to form and

* yet surprisingly grain boundary nickel sul-

phides are not formed either. Nevertheless the
amount of manganese in the electrodeposit

-. must be in the range of from.0.02 to 59,

by weight and in excess of the stoichiometric
amount necessary to form manganese sulphide
with the 0.007 to 1% by weight sulphur
present in the electrodeposit. This means that
in the electrodeposit the manganese content
must. be more than 1.71 times the sulphur
content. Moreover it is found that the pres-
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ence of manganese with the nickel and sul-

phur in the electrodeposit does not detriment-

. ally increase the stress in the electrodeposit

‘such as to prevent electroforming. This is
surprising as the presence of manganese alone
in a nickel electrodeposit does raise the stress



not be so high as to cause premature se [
_ _ _ para- in excess of 200 harnf
brittle grain bound- tion of the deposit fromthe mandrel. As is ar;I
Lllns of nickel sulphide are not forned. further known, the

tectrofornabi 1ty and Possibly this may be due to the formation® 70

_ 25
har dness of V:ckel can be inproved by electro- of less harnful nmanganese
phefer- depositing the nickel froman electrolyte con- ence.

sul phi desi
to nickelﬁi
sul gre

resul ting eiectrodep05|t
ever hlll’

How-

1 M\ﬂ oL

but at tenperatuies phur

up t,,%mout [err]

unl i kel y. tﬁrm‘cmlwtamlke el&@ofg@mg
el ectr.o- if gqjmpqs%hl gml{

t he expens
tility, san ﬂg

™ Al uvu\J lul CUTT U[ Ul rrr

ﬁem 1610 mal d @’E
ep w&o&pdakemm artidlecofcthe s apd moerpnelera

wtyi diffiy y _
tﬂe QQ\H:” Heg

_significant amognts of

hi des at tenperatures taining addition agents wh
in excess of [err] 9 g i ch i ntroduce

into the

Iy £ p(mglio 35%does 'so at -
obr&erhm;elfroml\mvkm héi‘iéss t he -
fyomn flngs

el ect rodephsmtxoxapml :
range of f PRoIer: ttheofg!‘l’@/"%el ‘Qm_ ntglﬁ eﬂ?&% % $€1 mghﬁg;mw nhe
wei ght and_; las i &Ioﬂa H QR E tshould - be &ﬁorﬂ&ated pxgetherumds friom- ex;

appr oxi ypat @

£ dcgll rshmbnmmamlymeméude asnl{ t02f tor.

@m@.,g

the ele

gess of

l%‘l’]l;% greThi
y. ei ght

telrrpﬁraturetw@qa@hndw@%ﬂw ‘;h t
sul phur. dfs g@%ﬂ i q,mel Qccdrdingt h
el ectrodep BieiS asl spa‘crﬁa# nﬂc:lhud: laumltlacmn;%s 0

ex-- i ms hem@bﬁ&t:rhdmsd@:st”&h&

tenperaturesd 14p1.093; Ong “ch
N

use such a§e

roonmﬁa' :

eske Qﬁ@vglﬁ"/&g%?rlé w@%’%‘a‘é@q%n ng

lgﬁfeﬁlﬂ ly P Ithe

85 40

d “Ni-$p fount G ¥ wiltild iekcetds found

Ergﬁ;aaggﬁ p@éﬁol %cnlam gﬁﬁhﬁﬂswssﬂﬂegﬂ pﬁeﬂ&thilglemyg,léam saw\]qasca,m';é.nc

1 Bickdl £ t S :
phur in t heroel éGQ ibﬁé ickel Flaride fpd 38etx ‘be. mot : qsq%? vice ' ng by .
use of heatt° ome ¢ St I'ng or:. by t he. :
or. during Sy @Gﬁa g%wcoﬁﬁgjagf%m&ﬁcetéze nismth th!tly e:k w@ﬂﬁueh@@gm-m p -gI ues,

1 111

This is25 9&:.5& of mlphvab¢oev ueplnss'ﬂphur purities, osy ntiqugggnnétse a

the pr esendea!mg
a:nickel

1f524,748
o -di-B0- led&aﬁg}alpm acidnandj morg
[ rrposg| b] e.it is O-benzoic sulphimide sodium

eliectro- \/\ﬁ% gé}%?iy‘";}gg’l&d‘

from 0.03 t
' 35 -“butyne-diol”..

ETOup.

amount in the range of from 0. 1

mxﬁﬁl

Zoic sulﬁmnd or the sodium salt.of naphtha-

" S guaéert hgow Begieen.

Preferably the source of sulphur is present
in the electrolyte in an amount sufficient " to
introduce more than 0.02%, by weight sulphur
into the resulting electrodéposit. Advantag-
_eously no more than 0.065% sulphur should.
be introduced into the électrodeposit.” ‘When
the source of sulphur is saccharin sodium it is
preferably ddded to the electrolyte in an
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eg 0.25 g/l to provide a range of available ©

sulphur in the “electrolyte of from - 001 o

0.065 g/l _
The source of manganese ions. preferably is.

one or more of mangsinese. sulphamate, sul- -

phate, and- chloride and other soluble mangan--
ese compounds compatible with the-electrolyte.
Moreover to facilitate ' mcorporanon of the

desired amounit of manganese in the ‘electro- -
cetration of the manganese
ions in  the -electrolyte’ preferably is’ related--

deposlt, the. concet

to the currént density used in. the

deposition process, To_this end the ctirrént

should be in the range “of
2.7.t0 20 A/dm® (amperes per’ square “deci-’
metre), preferably in ‘the ‘range of 43 to
129 A/dm?* for example 6, 8 or 10 A/dm’ o
with the mangafiese ion concem:rauon in the

density preferably

electrolyte preferably being in the range of__'-

from 12 to 20 g/1 (grammes per litre).
In general increasing the concentration of

: Manganese was. added to’ portxons of thrs '
electrolyte in the form of manganese sulpha-
mate or manganese sulphate and sulphur was’

110

added ‘in ‘the form of ‘saccharin -sodium. =

Electrodeposnts were formed by plating from: -
the _electrolyte at a temperature of 60°C ‘on
stainless steel cathodes, as foils with a thick- -
ness of _approximately 200 micions for samples -
A; B, C, 1 and 2 using manganese $ulphamate -
. -as a -source of manganese in the electrolyte,-

and on. stainless steel ‘mandrels, as cylinders”

35mm’ (mrlhmetres) long, 30 mm in diameter

and 100 ‘microns - thick for ° ‘samples ‘3 t0°6
and D:using manganese sulphate as a source -

115
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of matiganese in. the électrolyte.. The samples

were stripped from the cathodés or- ‘mandrels
and hardness measurements made on “the
- samples on a 'Vickers diamond - pyramid “in-

déntation machine at a load of 1.0 Kg (kilo-

125



tion of enbrittlenent, the electrolyte used to manganese, preferably from
0.07 to 0.35%5 formthe electrodeposit in the article of the and nore
preferably fron 0.1 to 0.25% 70 invention contains a source of nickel

ions, nmanganese, should be incorporated in the - preferably in the form
of nickel sul phate or electrodeposit Conveniently at |east O. 07%

sul phamate, with or w thout other conven-. and nore preferably at

0. 1% manganese tional additipns such as _nickel chloride and/or . shotr

i ncorporated together with from.. 10 boric acid. Suitable elerol ytes
include sul .- 0.02 to 0 065% pref eﬂé%’&ﬁsfrom 0, 025 to . 75 phate-&hloride
el ecty ol ytes of the conveng - - enbrittl ement
Watts . or high-chloride typps,.con ntlonal of the eI ectrodepgosit on
heating. sul phamate el ectrplyte§ g hﬁgh‘é‘su; p@ngt QAS%\f Brlesaid, in

el ectrodeposits according plects tes sHch as descrl bed ‘i n*the Speci fi ca-
to the inyention the nmangpnese _content of 15 tion of our Pdtents Nos.

999, 117, ‘081,308 from 0 0 teQ ~nust be greater than th 80 and -
1,101, 093. One such hi gh syl pha ‘o ofichi. ot &i Coarurd gegcessary to
f orm man- el ectrolyte wide| y|&E® [or the ele(':'troformng nese sul'phide -
(M1S). Prekerablyw the of milckdls} and known as the i amount of
manganese. present Shoul d e><§q=edu,gj ctrolyte, contains from 550 to 650 g/l
the stoi cag@g ‘s anmount { By :aﬁol St 0,,.03..%.‘ 28 o (@ramgs| per litre) of
ni ckel sulﬁ £ Advant ageédﬂﬁf?y"fhe manganese content shou d 85 fromb
to 15 g/l . -51 ® g:hl ori delany not' be nore than 0.08%) in excess of
twice. to: %_& B Boric pcid. ay t he stoi-chiforetric
anount .. Th EaLQl¥te al _(:@E%airnsa aou,sce of g Ryeferaly
el ectrodeggﬁl g ced afg Qi Ssiif pﬁ'urzand & séurge Jf FmAdanesei ons. The
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conveni ent g- % 222 3@ phur '§wri Ligls, only ni ckel manganese fand sul phur.
90 beari ngger §r§ §cﬁarrpoun:h: P EBefrably dn aarw H@Aeu,er ~so@g of the nickel
present ne é cont a} Bt B & fun&t i Bnak sul phonat® '0ng onal |y be
repl aced u|§§ ndg or cop@llt Zgrhoup A suitable source of Sul phur is
O ben- 8i g ties |Bilc ~be present zoic sul finidg or the sodi um
sal t }gtﬁﬁ E el ude| €4r decoBalg, gisgal by wreseat| only- 30 |ene
tri -suphonge "aé“ nor e{Bie yT iR tfade anounts. ¥ <r o
5:'2[5 E% Nz oiC de sodinmesalt herein lé(an‘pl es of
the met hods o produci ng&t prired  “"lacghapin_sqgi ym', Qoti ongl llﬁ( t he
el ectrodepggg gmgs e plepg 3 g@ltg)n@vxml g,eiscts_ols/tg BeyE cont ain a
secondary ?ﬁ 5% M@, now pgigiv °sech°as°2=bu9yne ¥ 4<di ]2 herein
terned 35 ag@gt g@-ﬁii-ol "1 _ s
Exanple L gEo g8 8~ =Y . . g
288a g8e =l FleRe2sgs 8382 wle
seef®d 8] g5 8 2 3 5|E,
55 S"‘E'u[s , 3|9 9§ 8 8 S8 8 8 8 8 S 3
E5ET 988 — ' 5 8
'ﬁﬁ-a_n.'g 3 = -u-zi.« 8 w
gaggﬁgg §28lm v v 5w o v 9w o
uéfé . BE Egé-\clo‘\n & Y & 06 « o 2‘§§
EefEEEE, SLahil N T T|ss
EEsfaErd e
P AH ad2
~ e 5 . © Cawd ded el . ﬂ'z
T E552 3 s s s 9o g|fid
o 88, 38 0801c S 0o & © 8 8 S & o|Be
BEESE:8% &2 52
8.8 Fag
[7e] _"E as
£2 M
88a o 2l
835" ° R & 8 2 % =2 2 32 EEE
2% % o3
8.5 =33
‘207
2 %.3«“
Eld @ U w 0. O o < 0 o Q?},g
< R
S . Z aeZ




Preferably the source of sul phur
el ectrol yte was
cont ai ni.ng i n aqueous- sol ution:

no nore

IS present
100 in the electrolyte in an anpunt

A conventional "N

Speed”
sufficient to
i ntroduce nore than 0.02% by wei ght sul phur

used

into the resulting el ectrodeposit. Advantag- Nickel Sul phamate 40 eously .
L. 065% .sul phur shoul d [err] 560g/1 be - _
o the el ectrodeposit: when nickel chloride the source of -

t .
i nt roducg
sul phur :

el ectrol yte !
33 g/ 454_e.q:

harin sodiumit is
an Boric
0.25 all,

[err] preferably added to the
Aci'd arpunt

in the range of from0.1t0o Q4 g/l,

to.providel347hae of available’sul phur
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mandrel s, ax® % dg‘fgf bI. BT, | - 35 nm
(mlli nego-re @r;e;, 2 exdpet afily. | £ W tsQ epﬁg square
deci - and hdkdioss mhm“cmsphrbmi elf wpkanipl @gd: nmle f&lowfng le Ilmet re), _
pref erabl y betren fegistanegrtg € D.usi ng nan sul phate as

source 12. 9 foli{OTre bl‘ 1&0&1\1%&111 nﬁfg he
el,ectrolzst eel megamﬁaemgmmgqﬁ) 1le|’1 |n the wer e

stripped f rmﬂnmtehaulew lureﬁequesIndrel s _electroly
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Kg (kil o~

range of-
per-
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litre)

wined “hardnesses than samples A and. C,
and similar or better resistance to embnttle—

ment at elevated temperatures than sample .

B, coupled with internal stress values per-
mm;mg sansfactory cylinder electraforming
and in some instances general electroforming.

Furthermore increasing the content of the
manganese source in the. sulphur-containing

electrolyte and increasing: the current density
utilised, tcnded to increase thé amount of

manganese in- the electrodeposit, tended to
increase the as-plated and retained hardnesses,
improved the resistance to embrittlement at
temperatures in excess of 200°C and main-
tained the internal stress generally suitable

for cylinder electroforming. Sample D, which

contained slightly less manganese than the

-stoichiometric amount necessary to form man-

*in- 125

gﬁﬂ ﬁ'ﬁﬂf@ 12 to 202%3,

Manganese was added to tlns eIectrolyte"'

in the form of a solution of manganese sul-

_phate to give a manganese content in the
_electrolyte of 16 g/fl. Nickel: was electro-
deposited from the electrolyte at a. pH of 4
and a temperature of 60°C at different man-.
_ganese and sulphur concentrations and differ-
ent current densities, ornto a stainless .steel-
- mandrel as cyhnders 35 mm long and 30 mm
diameter x 100 microns thick. The electro-
formed samples were separated. from the:
mandrel and hardness values were measured -

at foom temperature together with the man-
ganese ‘and. sulphur contents, the .interpal

‘stress and ‘ductility after heating; using the’
techniques of Example I, with. the résults
§ shown in the followmg Table II -

preferably being in. the -
ﬂ(gram‘res

I n-

machi ne at oasipad of 1.0

‘85



[err] 4

4 As can be seen fromthe results of Table 1.,

sul phur present the pure nick:
I s outside the invention,
i nvention, had a

hardness of 245 Hv as-plated w'th
a conpressive internal

sanples 5

1, 524,748

i n general

50 the scope of the present
-had lower as plated and retai ned hardnesses nodegat ¢
and poorer retained ductility t
stress just adequate | :

ganese sul phide with all the

to 6-

according to the inventian. to pernit béth general and cylinder el ectr o
Wth the copnventional, "N - Speed" el ed5g48 fornina. The hardness wass$.

retained quite well

temeﬁtures up to [err] and the (ductility
current densities was retained reasonably at tenperatures up
6.5 A/[err]- with manganese con-- 10

[yte, the electrodeposit of the present inven-
tion preferably is nade at

55 at

greater than

to [err] The sul phur containing nickel

centrations in excess of 14 g/l and saccharin el ectrodeposit sanple B,

out.si de thesscope of  sodiumconcentrations of approximately 0.25 the :
present invgntion,|had a better as-pl at ed g/l to introduce at least 0.1%
manganese |60 -@a& lness thag safple A better retained hard- into the
el ectrodeposi.t..‘gl%s‘é dhdfcoftpregsive intern® stress@such as® An £
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In contrast to these results the manganese N ckel Sul phate [err]

285 g/ and sul phur containing nickel electrodeposit N ckel Chloride [err]

299/ 1 sanples | to 6 madg according to the present -Boric Acid [err] ,

Z0g/T 7530 invention, all had higher as-plated. and re- Saccharin
0:25 g/1 tained hardnesses than sanples A and C,

Sodi um

and sim @ Rfjer resistance to-enbrittle- Manganese was added to-
this el ecHf. fent at el evated tenperatures than sanple in the form of
a solution of manganese sul- B, coupl®d with intérnalt stress val ues per-
phate to g| ve a nmanganese content i MSPAM8 35 nmitting satisfactorys,

cyli nder—eh%m rof OT T g grectrolyte of 16 g/1. N ckel was el éctron \30
and in sone instances general elect r of or mi ng. deposited fromthe
electrolyte at a pH of 4 Furthernore increasing the content of the
tenperature of [err] at different man- nanganese. 'source in the

sul phur - cont ai ni ng ganese and sul phur concentrations and differ-..:

and a

el ectrolyte and increasing the current density.

ent current densH*q-vés

a stainless greer: Z at]i | i sed, tended to:increase the anount - of
mandrel as cyl i ndes% {35 nm | ong and 30 nm 85 manganese in-the = -
el ectrodeposif, te d& tv ~dianeter & 100 ni ¢@ons thick. Th& el ectro-
i ncrease the jas- pl#&dd and retai ned hardnesses, forned sarrpl es -were
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[err] 9
1,524, 748

suitahle for the pro-

1,524,748 [err] [err]
9 vention is particularly

1 to 3, in which the electrodeposit contains

duction of electroformed screen printing fromO0.1 to 0.25% nanganes
cylinders. Customarily screen printing cylin, 5. An article. acgorgi t
any one of clains ders are electroformed so that a nickel coat’ing ¢ V%Th
in which the electrodeposit contains 5 nom nally 100 to 200 ntcr

thick, is applied from-0..02 to 0.065% sul phur. 65 to a

cylindricat’ mandrel part jnmersed and;5247486. An article according tozany
one of clarns rotated I1n Lhe electrolyte. To Tnprove tne . L 10 o, In

whi ch™t he el ectrodeposit contains hardness and thereby the abrasion

resi st ance

enable it to be renoved

t he mandr el

whi ch the el ectrod

anacit
\>a—a

oont
—a-an

rel organic stress reducing
of claimsh+ 70 agents have to be used which introduce sul -

manganese in an anount at
I n excess of the stoichionetric anount.
7. An article according to any one

| east 0.03% of the

cylinder and to
10 from

1to 6, in

into the electroform This sulphuf

~ ¢ .
con- iron and/or gobal&.| tent causes |the el ectrodeposit to have a com 8.
An article according t9EJqui % &, F nGdressive stregs which facilitates
separation whi chit hei®llectrodkposit |is substanti®lly as 945 fromthe
mandrel - but |.eads t{e-qerBr-il —har ei nbef gre _described, wifh reference
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brittlement such cylinders nust be fabricated 10. Method of producing the
el ectrodeposit 20 at tenperatures considerably below [err] of the
article—according to claiml in which 80 and this restricts the type of
phot oresi st sul phur, nickel and nmanganese are co-de- masking | acquers

sui tabl e and prqvents end posited froman electrolyte containing a source
pi eces bei\Wd /gyt aiched in any way ot her than of nickel ions, a source of
sul phur . a \ gluing. On the contrary screeh -printing source of
manganese‘i oRs/ 25 cylinders produced according.to the invention 11.

Met hod ac8ordihg to claim10, in whid&b247485 have | essened .enbrittl engnt
when exposed the source of nickel ions i's nickel sulphate™or to- -
tenperatures in excess .of [err]. Because.  nickel sulphamate with or w t hgtt
ni ckel of. this such cylinders can safely be subjected chloride. to:higher-
furbi shing tenperatures, allow ng 12. Method according to claim10 or -
claim30 the use of nore effective |acquers with higher 11, in which the
source of sul phur is an aryl 90 curing tenperatures, of nore effectlife '
gl.ues conpou e #Refi onal sulphonate with higher curing

tenperatures,".-ewsﬁ réu ..allgwing the end plates to be attached by -
. @ Qru o R : L
13. Method a-c.crdimg_ ?o ‘RNy¥ ofe P clainms wglding @r- brazgng. Fgthernore
such cylin- 0 t&=12, in which the source -of sul phur is 35 ders. can be -
repaired usi ng-wet-ei-frg—and 3 O bergwirgs@ Ligpderseigyngalees 0
Ot v peve 1 T TN
any one of cl  her apphcatsgé ns ofg§ _‘°.§r-§/ AL @re e o o@=to 13, in
ich suffici ce of sul phun the ®[ %tg-'ﬁ@ : g@@ﬁé SE&AW nickel .
cdat- is usedE p~g ye—a—iree—st-ghur (C-R-F- k-8 g“° sﬁ-.g'gqui reto
be readily repad{ab¢ electrolytg of fg. "_g.@_@%gt =(8 9E° gr 40-. by
wel di ng or- br &l 1@3:;9choas~' mould {or di __?_%a‘.nérv Eb-ﬁ_:%ﬂgu';}:%_-_. -
100 faces. asl S " w@ -;-_g-q;géig.gﬁ/gt;&ﬁg;g. E®pding to
any one of cl a-Ap—tB1te—t4—A—whiich t Hbdel.e€rT BigR ;g:.@@t% sgg Petyne 1:4 -
diol . WHAT VE CLNA® lIS:- o | —a':gs E3E ool _'gg'ls@ gUcOEding to -
any one of - cl af np 28 |&n &r & cBe ¥ n-si-stﬁﬁg%f%ﬁ@rgdﬁé\“gg gﬁq"‘féignﬁ_g 15, in -
whi ch the sour} @g mnganese 10% an Gu e:rg_g@'/eﬁ,ﬁ_' 2 %D%ﬁg-ﬁe 83
sul phur - cont ai a3 pF~—t-ofrs—+s—efre—et rmréoﬁ—‘ng-@g% ‘ShE ,Er?a.-_g,*’-§5
ni ckel el ectrod@pasp {_exposed, i n yse ore r&RIE" te 3 E & E'Ea;and
manganese chl or$ &2 1Actur & t& t@nper afg) es B dg ' 0'@%5[% BpgEy 17
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it at tenperatures exceeding [err]

ir odepo

BRI EE gd _ .
10 to 17, in which the electrolyte is operated prove enbrittlenent

ance of the electro- at a current density in the range of from2.7
to 20 anperes per square.
tre. 115 2. An article raccording to claim1, in which
according to any one-.of clains 55 the el ectrodeposit contains fro

3 - in which the elksar3l yte i s operated nmanganese.q

035%9 10 to 18, ( e
GUIEONt  deR&kbY i Darkdlrll BB Bor IO & 3 3 AN Erﬂ'“m aCCOr ot ot
1 or clai mmﬁﬂl&%:wggrt};%%re en et /‘:‘&:? defetic FPopine
odeposi t edindess. (ustomapily scAdn phibiidgOGHIKC C OTSOAR Brtiblo adobrding o akf one HF Baims 120
0-0. 359 tg%%dﬁ.'? that a nickel coating, s1a0tj &l W %i%gne [ebrieideiost ahins .
b bed with g lfyndl 1 mandgdﬁt eﬁippme ﬁ?,g%ﬂo grlttli] agco({oding ol:gyng % g a|48rﬁé
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v which facinates separptio owitich the decosiEpgsit du| jally as
o a cyl ﬁ%ﬁ%@%ﬁéﬁ%@ﬁ%@:seﬁ: somples 1 5 v"'g“ht'id‘ﬂg?'?écug‘"ﬂ*"5’f di®g

one of céxessraf 200tGted 1 n the el ectrol yoeAn hticle 'HodoRNdE bNBim § HGno, 1N

b 200 njsCr
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i ms 70
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t he elzgctg,%
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35 ders can be repaired using welding and braz- O-benzoic sulfimide sodium salt. 95

ing techniques. 14. Method according to any one of claims .
Other applications of the invention are for 10 to 13, in which sufficient source of sulphur -

the production of hard resistant nickel coat- is used to give a free sulphur content in the

ings which require to be readily repairable . electrolyte of from 0.01 to 0.065 grammes

40 by welding or brazing, such as mould or die per litre. 100

faces. 15. Method according to any one of claims
" 10 to 14, in which the electrolyte contains
2 butyne 1:4 diol.
WHAT WE CLAI_M. 1S: 16. Method according to any one of claims
1. An article consisting of, or having as 10 to 15, in which the source of manganese "105
an outer layer, a hard sulphur-containing jons is one or more of manganese sulphamate,

45  nickel electrodeposit exposed in use or manu- - manganese sulphate and manganese chloride,
facture to temperatures exceeding 200°C, the 17. Method according to claim 16, in which
electrodeposit containing, by weight, from the electrolyte conmins sufficient of the source
0.007 to 1%, sulphur and sufficient mangan- of manganese ions to give a manganese ion 110
ese, in the range of from 0.02 to 5%, in excess content of 12 to 20 grammes per litre.

50  of the stoichiometric amount necessary to form 18. Method according to any one of claims
manganese sulphide with the sulphur, to im- 10 to 17, in which the electrolyte is operated
prove embrittlement resistance of the electro- at a current density in the range of from 2.7
deposit at temperatures exceeding 200°C. to 20 amperes per square decimetre, 115

2. An article according to claim 1, in which 19. Method according to any one of claims
35  the electrodeposit contains from 0.03 to 3.5% 10 to 18, in which the electrolyte is operated
manganese. at a current density in the range of from 4.3
3. An article according to claim 1 or claim ¢ 12.9 amperes per square decimetre.
2, in which the electrodeposit contains from 20. Method according to claim 10, sub- 120
" 0.07 to 0.35%, manganese. stantially as hereinbefore described with refer-
60 4. An article according to any one of claims

with higher curing temperatures, or even

allowing the end plates to be attached by

welding or brazing. Furthermore such cylin-

13..Methoﬁ according to any one of claims .

10 to 12, in which the source of sulphur is

ence to any one of Examples I to V.
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9. An article according to

excess of [err]
resistance to em formof a screen

claim1l in the Because of this |ack of
printing cylinder. brittlement such
Met hod of producing the el ectrodeposit 20

at tenperatures considerably

bel ow [err] of the article according to cIa|m1 N wWhi ch 80— andt
restricts the type of photoresist sulphur,

maski ng | acquers suitable and- -prevents end am"ﬁm“mrm; ct roI %
contai ning a source pieces being attached in any wa han™  of =ni ckel

I ons, a sougce of sulphur and a by gl ULS27480n the contrary: screen primti ng
sourc Of ma Ofart mble 'ﬂ{ld LS Eguced .zcahc argrn '&1@
i nvent el@fréf ﬁ,ﬁm i@, ave &sened

enbri ttI enentcylmbrs Cusosig scxedneprﬁﬁng“ qmnof rSL akehclhm&dmgtorany:kxelof suhxphat e or
to tenperagur €l :
" € gne rolg f2. to

S

Wi t hout ni &k X

hi gher fur’ b.vit: lh@dﬁ%&tﬁ%ﬁ@ : _ ddbgogt (ﬂtaﬁltai m 10
or claim 30 hatdnessus«btlmfebmebmﬁénermmnee I amiwmées mmahtmﬁmghar lead 10.03%0 whi ch

t he sourc ofofsﬂeﬂ twl%myrobegew ! memm effective
s o8O R AT D % R = iR L e
termeratures thm&sV@E]electﬂfoQﬂ t e edagorRbiizes 10 at f ac ed by*

13. Met hod acwmrcchscsghi clecarxde, puauneo clcan-ms vﬂeIAh a cbrad:mmg claiaurlf lier nore
such cylin ’Y“o W"Fch faﬁ@ur fﬂ‘es g{" stantislly $ cap. be
repaired u5| E o g ey 90 (gl

95 ing teChnI&blﬁ;Sof 200°

one of clains

Bedawse ofy Haclabim@métq

acb&ddig)d) aGaor 6 g to any

orreearpeintfingreyliniér. t 0 13,

in

whi ch suf thﬂeﬁge“?éhﬁf‘@e“”b‘fde%

fa CM % Producing e it
coat - glg‘:ésctémt‘ﬁfo‘pes %ro ﬁ°°’dmﬁd?§gax@§?df?ume to:

be readl I y re:aﬁkxﬁg'al cuers Esuigible! 4l exﬁé dicibbe @HBINERS solfte DY
wel di ng or brmgpmyngasfmeces mmanlOtb:r dhne o exckd mtnls,ea source of sulphur and 2

the contrary screen : source of man, '
100 f N e Pced onding 1o % SQm%C Gl 1‘1‘9
any one 0P SR ALY B, o 14
di ol . WHAT WAoo qm i excess of 200°C. Because gﬁkel sulphaikﬁte Mﬂt kwdwaammo lniatkehg to.
any one of cleflth!s@h d%t&@n@ﬁé&’é@%@@dn 5,?1 %%@ A in :
or c -
whi ch theﬁoﬁggﬁmgﬁmﬁm g %gt the hur1s ana l "9
sul phur - cont aduhd) kmpbretas, | of wes O onm&aﬁﬁﬁngshl selp
ni ckel el ect reite iz ert cupin mphaunesu&e @ MgRY.  nanganese sul phg}e and .
s .
mangagese chl gﬁ& thef 8%5& alg;e £% be émlhqd%gs_ur egl W&"ﬂe el hurdT‘P Met-hod
accordi ngsg o lleﬁ' Wg and Beaz.  O-benzoic sulfimide sodium salt. 95
ing techmques 14. Method according to any one of clanms -
Other applications of the invention are for- 10 to 13, in which sufficient source of sulphur -
the production of hard resistant nickel coat- is used to give a free sulphur content in the
‘ings which require to be readily repairable = electrolyte of from 0.01 to 0.065 grammes
40 by welding or brazing, such as mould or die litre. 100
faces. 15. Method according to any one of claims
. 10 to 14, in which the electrolyte contains
2 butyne 1 4 diol.
WHAT WE CLAIM IS:— 16. Method according to any one of claims
- L. An article consisting of, or having as 10 to 15, in which the source of manganese 105
an outer layer, a hard sulphur-conmmmg fons is one or more of manganese sulphamate,
45 nickel electrodeposit exposed in use or manu- © manganese sulphate and manganese chloride.
facture to temperatures exceeding 200°C, the 17. Method according to claim 16, in which
electrodeposit containing, by weight, from the electrolyte contains sufficient of the source
0.007 to 1% sulphur and sufficient mangan- -of manganese ions to give a manganese ion 110
-ese, in the range of from 0.02 to 5%, in excess content of 12 to 20 grammes per litre.
50 of the stoichiometric amount necessary to form 18. Method according to any one of claims
manganese sulphide with the sulphur, to im- 10 to 17, in which the electfolyte is operated
prove embrittlement resistance of the electro-  at a current density in the range of from 2.7
deposn at temperatures exceeding 200°C, to 20 amperes per square decimetre. - 115
2. An article accordimg to claim 1, in which 19. Method according to any one of claims
55 the electrodepos1t contains from 0. 03 to 3.5% 10 to 18, in which the electrolyte is operated
manganese. at a current density in the range of from 4.3
3. An article according to claim 1 or claim to 12.9 amperes per square decimetre.
2, in which the electrodeposit contains from 20. Method according to claim 10, sub- 120
0.07 to 0.35%, manganese. stantially as hereinbefore described with refer-
60 4. An article according to any one of claims '

ence to any one of Examples I 1o V.



el ectrodeposit containing, by weight, from the electrolyte contains
sufficient of the source 0.007 to 1% sul phur and sufficient mangan- - of
_ _ : e, in the range of from0.02
to 5% in excess content of 12 to 20 gram*res per litre. 50 of the
st oi chi onetrj¢ anmount necessary to form 18. Method according to any one of
cl ai n8- manganpese sul phide with the sul phur, in which the:
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