DEPCSITICN OF HARD CHROM UM ON STEEL OR ALUNINIUNIALLCW’Thls:?gsfétlon
* relates to a process for the depgsition of hard chrom um on workpi eces of

- stggl or alum niumalloy froman aqueous el ectrolyte containing chromc

€\ 5 and sul phuric acid, nanmely fromthe classical chrom-um-bath with
[ & content: of 150 to 400 g/|, preferably of about 200 g/l, and-an SO4

cont ent Ofnﬁmlsoirmﬁam/ Inannef@nawmhpunulmmrm n'relation. to the

Cr03 content Electrolytes -of - the conpositian described are
sinple tolgggggﬁlgﬂdbggggpt etch the morkplece to be chroniumplated, or do
not do so to a troublesone extent. The inportant disadvantage of the

cl assi cal smrﬂmrlcmxsdxﬁﬁenuﬂomnramdtaostosarproeasoatmxnc current
efficiency which in practice does not exceed 15% even with the best

adj ust ment SorDephs t depoladtdasnt el  draer 9t rahglom #Bpenodnt upon the- -
choice of deposition - conditions, 20 particularly on the relatio

_between cuwoekpidoes tof sheel @m@h&mmumaﬂalsﬂsgr%ém ormation of |arge
cracks in the deposit, nust
: aqueous electrolyte containing chromic acid

5 and sulphuric acid, namely from the_classrcal
chromium bath with Cro3 content of 156 to 489 _
g/1, preferably of about 209 g/l, and an So4 o ) | \
content of e.qg. 2 to 15 g/1, preferably about | N |
1 2% Hys04 in relation to the Cro3 content.
10 N Electrolytes of the compos:.t:.on
descr1bed are simple to manage and do not etch
the workpiece to be chrom;um pleted, or do not.
do so to'a troublesome extent. The important
dlsadvantage of the classical sulphuric acid
15 chromium baths is the bad cathodrc current
| Iefficiency whlch in practice does not exceed
15% even with the best adjustmehtsr ' Deposit
herdnesses,thatzare strongly dependeht'upon
the qhoice or deposition-conditions{
20 particularly on the relation between current
density and temperature, and also the

format;on of large cracks in the deposrt, must



--—2- be | ooked upon as’ further disadvantages. It is an advantage
al l oys (steel) and al um nium al | oys, whixhras a rule are etch- s
hard chromiumplating, are 'not 5 etched to a troubl esone extent
order to obtain bright chrom um deposits_even in thick |ayers i
(see German Pat che bpekied uredr30f urthey disadvantageBe entt to the
el ectrolyte, this, being

the formof 10 a suyrface-active, alk
sul phonat e conpouh. ai‘hé‘ﬁ’uﬁ‘?%ﬁggag}‘i% H?%cﬁ?fﬁé’@lﬁ r(%t??lif %ﬂé
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layers it is known (see German Patent

- Specification 10 34 945) to add a brightener

to the electrolyte, this being in the form of

that iron

ensuﬂigi Ln?

t is known

I

al kyl is.
urrent

d by the
ci ency and
ese are
and

| des,
salts.

a surface-active alkyl sﬁlphonate compound.

The surface—aétive effect requires that the
alkyl is }ong-chained, e.g. possesses three 6:
more carbon atoms. The cuttent efficiency
and the exposure period are not markedly
improved by the adaition.

Moré advantageous-in_respect of
.cathode current efficiency and working range
are the so-called mixed-acid chromium baths.
By these are understood electrolytes which in
addition tq_chiomic acid and sulphuric acid
contain fluorides and in éérticular complex
£iuqrides, preferably as silicofluoric acid or
its.alkéli or aikalihe;earth salts. These

electrolytes, in additiqn'to a number of



favourabl e properties, al so exhibit-troubl esome def'ects.
these are considerable attack upon the steel and alum nium alloys

al ready enphasi zed above,

t he mati on
allo are si

~thereby limted to a Iarge extent.

‘conpl ex fluor

fluorides and
adj ustnents o

high cathodic current efficiency on steel and on al-um ni.um all oys,*
an aqueous baklyh $ald €PabAINS atht #okC apdsultherr it 8eildsarad hard. ¢

Anmpongst

t he bath conpositon are necessary Conpared Wth this
the object of tifyubDesbmen dor P6o%lde aAMOREEE tResdePayiding with

fr
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by which etching takes place that can | ead to-
of hol es and under-cutting. ‘The conditions with other
mlar. The appllcallgn of m xed-acid chrom um baths is
In addition to this the fluorides and .
i'des -are:vol atile, even when working with a | owtenperature
bat h. The conposition of the bath is altered by the volatility of the
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| ayer, this being wthout the danger of troublesonme etching of the eX|st|ng
surface and V\/Iatlhmlinidm banbysomo-satdyoremphagingdbpbmieatmyty of

which etching takes place that can lead to~the

formation of holes and under- cutting. The

. chromium baths is thereby_limited to a large

working with a low-temperature bath. The

conditions with other metal alloys are

similar. - The application of mixed-acid

extent. .In addition to this the fluérides

and complex fluorides are volatile, even when

composition of the bath is altered by the
volatility of the fluoriQes and complex

fluorides so that regular analyses and re-

adjustments of the bath compositon are

necessary.'

" Compared with this it is the object of.

_the invention to provide a process for

from an:aqueous'bath that containsfchromic.and'

being without the danger of froublesome E

depositing with high cathodic current

efficiencyfon steel and on aluminium alloys,

sulphuric_acids, a hard chromium layer, this

etching of the_existing'Surface and without

the bath composition changing by volatility of
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inmportant bath conponents.  Preferably the ai mshould be to achieve a
wor ki ng cathodic current efficiency of-oder 20% According to the preseng
Lnvention, 5 there is -provided a process for the electrolytic |
deposition,- with cathodic current efficiency of nore than 20% . of a non% -
i ri descent engi ned®PErtant iRpeh FAPPANRREEum | BF&EARINo AR ece of
steel or of 10 an alum nium.all oy, ~fr.om an agueguys non- et chi ng

el éctrol yte bath @R afherRd lﬁ?ﬁﬁé achd &R 34 ﬁgﬁ49kﬁﬁﬂy°ﬁ%91[errl
content of 150 to 400 g/, Epd .1 N mhiﬁh a satyrated aliphatic sul phonic
acid with a maxi mfREEEY eLL1G1eRCY ,0h QVETs a maxi num of si x

sul phoni ¢ acid -groups or their_salts or g%logfn derivatives, .s added, this

being with a conceritrati of*%&$° r"é‘gc_hfa?l & ’F?SSH& i‘rf"ﬂ\ﬁp&ljr%}ierat ion is
100 At Bt handtE pitoni® ac 0%t RS prohoE 8 T 4k: nERE! sul phont c
acid,  1,2- ethaneQiedf IR £ b F1 65, W itRCcAPRY¥Aic current
. efficiehcy of more than 26%, of a non-
iridescent engineering-functional hard
chfomium layer on a workpiece of steel or of
10 an aluminium alloy, from ﬁn aqueous non-
etching'eleétrolyte bath containing chromic
acid and sulphuric acid, with CrO; content of
150 to 488 g/1, and in which a saturated
.aliphatic sulphonic acid with a maximum of
15 two carbon atoms and a:maximum of six
sulphonic acid groups or their salts or
-halogén derivatives is adﬁed, this being with
a concentration of more than 8.5 g/1, and in
. which operation is with a bath temperature of
20 26° to 70°C and a current density of 15 to 180
A/dmz. | | -
' - Methanesulphonic acid, ethanesulphohic
acid, hethanedisulphonié .acid,_ 1,2-
ethanedisdlphonic acid, salts of the above-
25 menﬁioned acids, and methanesulphochloride are
'particﬁlafly suitable. Expressed as a
structural formula, the. subject of the B
invention is the use of an 'org.an.-'ic compound of |

structure.........c.c00v.nn eeneeee ceetteenaaens



25 mentioned acids, and met hanesul phochl oride are particularly suitable.
Expressed as a structural formula, the. subject of the invention is the
use,igkn organi ¢ conpound of structure. -5- [err] in which [err] can be
[errNGY or [err] in which R2 -R5 can be or and in whi ch R6 can be - COH or

- OWVe (an oxygen conpound wi-th a metal) or . - Hal ogen for the purpose

" stated. According to a preferred5 manner of perform ng t he i nvention the

saturated aliphatic sul phonic acid-is f or med |n the electrolyte by chem cal
or _ .

R2 o

Ro-c - Ao &

1 - - I 6 ‘“'\
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_R3_ 0 . .

in which R1_¢an'be

- B
~or . "= CH3 B
| 0 \ {"
N hed
or - 8 = Rg: 1
_ 0
R 0
lu ] g
or - C -« S8 = Rg
b0
Rg 0.
in which Rp -.R5 can be
- H
0
o B
or - S =~ Rg - : L
and in which Rg can be .
- OH
or . . - OMe (an oxygen compound with
a ﬁetal) |
| .or . - Halogen'

for the purpose statéd.

Accord1ng to pref rred manner of

S«tu.mkeo\ ‘é’ w Sulphowic ocd
performing the invention_ Zf?pganée—eempeamé

is formed in the electrolyte by chemical or



&t ectrochenical reactions. Variations 'of the. manner of perfornance are

added,

1to 20 ng/l,

such as seleniumsalts and/or telluriumsalts in a concentration

as follows:- Salts of elenents of Goup VI of the Periodic Table may. bjéiéb

and/or Cr203 in a concentration of up to 15 g/l may be ad

It is ObVIOUS that [err] and other stront+unsalts can al so be added. The
or gani ¢, conpound di scl osed functions according to the inventioen wth

ef fects. -Al t hough t he bath possesses the advantages of a
chrom um bellectirocdenird reacthoneificiency is noticeably

Tr oubl esone etching of the surface is not observed. Thi s
applies particularly to suMVMaedsatdfonsseedf artih® um sirume ral | 0Yfs.

sur pri.sing
cl assi cal
| nproved.

Even

at’

hi gh bath tenperatures the bath does not change

in COI’TpOSI ton

due to_the volat|I|t?eéfQ§ﬂﬁﬂﬂ¢eﬂPQxﬂﬁxﬁQ%k%WS°-lt is within the scope of

the |nvégglon to add boric acid to the bath, up t
Salts of elements of Group VI of the Periodic

Table may,be.added, such as selenium salts

-and/dr.tellurium.selts in a concentration of 1.

to 20 mg/1, and/or cf203 in a concentration of"

up to 15 g/l may be added. It is obvious

that SrSoy and other strontium salts can also

be added.

The organic.compognd disclosed

-functiens aceording to:the_invention.with

‘surprising effects, Although the bath

poesesses_the.advantages of a classical

chromium bath the cathodic current efficiency

is noticeably 1mproved. , Tboublesome etching

: of the surface is not observed, This appliee

‘particularly to surfaces of steel and

aluminium alloysa Even at high bath

'temperatures the bath does not change in

~ compositon due to the volatility of essential

components. It is within the ecope of the

invention to add boric acid to the bath, up to



saturation point, for the inprovenent of throwi ng power: In “the follomnng
the invention is explained by means of exanples. 5 1. A classical

'sulp' i.c acid chromumelectrolyte with 250 g/|
relTHOto the [err] content was prepared. A testpiece was chrom umplated
at 550C with a cathodic current density of 50 [err].
current efficiency - rel ated to,lhp,xeductlon of the [err] to C -

to 15. 0%

. was added to this electrolyte.
~ the above conditions.

The 10

[err]-and 1. 1@6[err] in

- cat hodi c
anount ed

The deposits were macro-cracked. - 1g of net hanesul phochl ori de:

[err] saturated 20 with [err],

A testpiece was chrom um plated 15 under
The current efficiency now anounted to 23. 9%

The depositgatRiratidf- Fo£hed. for 3t%/e| o prdPamend plagnat e was
di ssolved.in an electrolyte of 180 g/

a testp|ecetmaswqm@omdya§UaIed under t he conditions of: Exanple 1. The
current efficiency amounted to 24.8% with fine-cracked deposits: 3. T

el ectrolyte of 200 ghl thre ] fol 1@Wing ﬂeér]imﬁdnimfﬂ gishanesul phonate
‘produced under the conditions of Exanple 1 resulted in | o
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explained by means of examples.

1. A c¢lassical sulphuric acid chromium

electrolyte with 250 g/1 CrO3 and 1.1% stou,

in relation to the CrO3; content was prepered.

A testpiece was chromium plated at 55°C with a
cathodic current density of 50 A/dm2.  The

cathodic current efficiency - related to the

reduetiOn of the Cr*® to Cr - amounted to

15.0%. The deposits were macro-cracked.

1g' of methanesulphochloride was added to this .

electrolyte. A testpiece was chromium pleted

under the above conditions. The_current

efficiency .now amounted to 23.9%.  The

deposits were fine-cracked.

2. 3 g/l of methanesulphdnatefwas_dissdlved
in anfeleetrdlyte of 180 g/l Cr03. saturated

'with SrSOy, and a testpiece was ehromiem'

plated under the conditions of Example 1.
The current efficiency amounted to 24.8%. with

fine cracked deposits.

3. An electrolyte of 200 g/l Cr03. 6 g/l

H,S0y and 5 ‘g/1l ethanesulphonate produced

under the conditions of Example 1 resulted inl

-

and

»



8- ‘a cathodic current efficiency of. 24.7%with a fine-cracked st
4. An electrolyte of 300 g/l [err], 3.3 g/l [err], 4 g/l nmethanes
acid and 3.5 5 ng/l [err]” produced a cathodic current effici

26% with a cathodic current density of 55 [err] and a working tenp

of about [err

]

A current efficiency of 25.7% was obtai ned 10

under the condltlbns of Exanple 1l; an e+e&t+o|yte of 300 g/l [err],

[err] and 3 ¢
-fine-cracked.

/1
6.

met hanedi sul phoni ¢ acid was used.

ructure.

ul phonat e

Zféilofw
re.
en,

4 g/l

The deposits were

St eel testpieces were tested for attack .15 under

cl assical polarization conditions at 0.2 - 8 [err], i.e, belowt
cat hodi ¢ current dénsﬂat‘EthBk‘ésgafyeﬂbr eé‘tfﬁ-@rﬁﬂﬁﬁ?d s24iTh. with] &

El ectrolyte 1:

El ectroflyte 2:
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300 g/l [err] ' 3.3 g/l [err]
BOGi@FPﬁQQQHeQBBtﬁPPtPéﬁr] 3 g/| met hanedi sul phonat e

he
r].

4. An electrolyte of 300 g/1 Cro03, 3.3 g/l

HoS0y, H_g/i methanesulphonate acid and 3.5

mg/1l Se0l, produced a cathodiec current
'efficiency of 26% with a cathodic current

deﬁsity of 55 A/dm2 and a working temperature
of about 55°C.

5. A current efficiency of 25.7% wés.obtained

when, unﬂer the conditions of Example 1. an

electrolyte of 300 g/1 CrOz, 4 g/1 HySOy and 3

'g/1 methanedisulphonic acid was used. The

deposits were fine-cracked.

6. Steel testpieées were tested for'éttack
under cla;sical polarization éonditions.ét 0.2
- 0.8 A/dmz. i.e. below the cathodic current
density negessari for chromiﬁm deposition. a£

550cC.

Electrolyte 1: 300 g/1 Cr0g

3.3 g/1 HpSO0y
Electrblyte 2: 300 g/1 CroO3
. 3.3g/1 HySOy
3 g/l methanedisulphonate

- Electrolyte 3: 300 g/1 CroOg

0.6 % HZSOu
10 g/1 KySiFg.



Electrolyte 3: 300 g/l [err] 25 : ' 0.6 % [err] 10 g/l

-9- Erosion per hour neasured in: Electrolyte 1: from0.5 - 1.0
l.ectrolyte 2: fromO0.0 - 0.5 {err] Electrolyte 3: from0.8 - 1.4
‘5. The cat hodi ¢ polarization was sel ected as experience shows that
‘with small cathodic polarization is greater than when there is no
external current at all, and the nmage caused by etching is preferentially
10 concentrated at the linmt bordering on chronium deposition. 7.
Alum niumalloy testpieces (a = [err], b - [err]) were tested under the
condi tions of Exanple 6 (at 0 8 [err]). The follow ng 15 results were

obt ai ned WA$E°E$8 ggeiig (f%ﬂﬁgq( gram ol ecul e of ‘magnessiumto 1

gran}nolecu &R ni G err] (1. gran}nnlecule of silicon to

1 gram mol eﬁi‘le@t%l@'t'@h %Q-olrd"' ¢lectrolythgtana) + 160 Terr] . o
Electrolyte 2: from 0.0 - 0.5 mg/dm o - a '

Electrolyte 3: from 0.8 - 1. y g/dm2,
5 -The cathodie polarization was selected as

-'experience shows that attack'with small

-

cathodic'polarization is greater than ﬁhen' -".: ' W
_there is no external current at all. and the
damage caused by etching is preferentially"
10 concentrated ‘at the limit bordering onJ
chromium depOsition.' _ :
7. Aluminium alloy testpieces (a';'AlMgi; b =
' AlMgSi1) were tested under the conditions of
n Example 6 (at 0.8 A/dmz). -The-fcllowing

15 results were_obteined with testpieces a) of

e
~. .

AlMg1ﬁ(1'éram-molecule of maénesSlum'to 1
gram-molecule of aluminium) and b)“of AlMéSi{
(1 gram-molecule of silicon to 1 grém-molecule
of_ALMg):- | | .

20 In electrolyte 1: a) + 16.0 mg/dm?

| | b) + 3.0 mg)dm2
.In electrolyte 2: a) + 8.0 mg/dm?

| | - . b) + 8.2 mg/dm?

In electrolyte 3: a) - 0.8 g/dm2 eroslon -

25 - s b) - 1.0 g/dm? o

The increaées in weight in’electrolytes 1 and

"



6.)' +73.0 [err] In electrolyte 27 "a) + 8.0 [err] b) + 8.2 [err] In

electrolyte 3: a) - 0.8 [err] erosion 25 _ _ b) - 1.0
[.err] " The increases-in-weight in electrolytes 1 and - 10 - 2 he
due to formation of alum nium oxides or chromates; the |arge Iosséggéj
wei ght in electrolyte 3 is undoubted. Congiderable differences also

resulted when 5 neasured in the condi tiontQi thout any external current: In
~electrolyte 2 there was erosion per hour of 20 ng/dn2 with [err] and 32
[err] with [err], 10 whilst with electrolyte 3: 0.75 g/dn2 with [err], and

0.94 -with [e t int | ytion., 8. The, -volatilit f HF
' [err][eHLleS el[2[?’[hﬂm@ﬁé%léjﬂgtégogf’lﬁ%%%rq%é‘ﬂxgegwlIé%l‘y Qorebridegr i's

adequately known. o o romatl; ® GHELMES 1 s 38 et ghE) gk S LeTT]
=t electrolyte 3 is undoubted.
| Co_'nsidérable-_d_it_‘fere_nces also resulted when
5 measuré_d in.the condition without any ext.ernall
current: |

In electrolyte?2 there was erosion per hour of

20 mg/dm? with AlMgq. and
32 mg/dm? with AlMgSiq,
10 ﬁh:ll_st with electrolyte 3:
0.75 g/dm? with AlMgq, and
1 0.94 g/dm? with AlMgSi,
went into solution. o
8. The volatilitly of HF or SiFy, from
15 electrolytes that contain fluofides or complex
‘ fluorides is 'édéquat_ely Known. An
- electrolyte with 300 g/1 CrO3. 1.3% HpSOy in

relation to the Cr0_3, and 5 g/l of

methanedisulphonate after standing at 5-0l°C for
20 -three, m_ohths_ showed no measurable loss of

sulphonate and no_'diminutiﬁn of the current |

'eff;ciency.



relation to the f{err], and .5 g/I' or'hétnanedlsulpﬁﬁnéte after

- standing at 500C for 20 three oyt hs sh e | oss of ,
sulp te. and no di m nution of the curra HI]'IL“EIQM/@ | -11- CLAIMS 1.
[ oM Gal KO

- A pregss.for the electrolytic depositions kC current .
effLSiéicyggglggre than 20% of a non-iridescent engineering-functional
hard chromum | ayel.on & prooespi dher ofthse celewmt mblph i um ni um al | oy,

from an aqueous non-etching electrolyte bath containing chromc acid and

sul phuric depdsitiibln,[ ewikthcocattidbé LG rnentiOeffilciemey i n which a

saturated aliphatic sul phonic acid 10 wth a maxi mum of two carbon atons

and a naxi afim fosex thiaghoRiB® acidfgraupsobrintdescens or hal ogen

derivatTvesfig added, this bei'ng wth a concentration of nore than 0.5 g/l,
and i n whi engdpeeaingriunchional thand1chroavigtm alayeroPMerr] to Lg?r%rand'

a current density of 15 to 100 [err]. 2. A prqQcess acggording to C il
5 a workpiece of steel or of an aluminium alloy, _ _

from anFaquéous non-etching electroiyte bath
containing chromic acid and'sulphqric acid,
with.CrO3 content of 158 to 4060 g/1, and in
which a saturéted aliphatic sulphonic acid
10 with a maximum"bf.two'éarbon'atoms and a
maiimum of six sulphonic acid groups or their
.salts or halogen derivatives is added, this
being with a concentration of more than 0.5
é/l, and in which operation-is with a bath
15 temperature of 20° to 78°C and a current
-densiﬁy'éf-ls to 188 A/dm2. | |
| 2. A process according to Claim 1,
wherein the saturated aliphatic sulphonic acid
is formed in the elctrolyte by chemical or
20 electrochemical reactions.
| 3.‘ A ptoéess according to Claihzl or .
Claim 2, wherein salts of elements of Group vI
' of the Periodic Table are additionally added.
._ '4; A p:OCéss according to anyione of
25 Claims 1 to 3, wherein sé;enium salts and/or
tellurium salts are added in a concentration

- of 1 to 28 mg/1.



V\‘/n'eréi'-n the saturated ali phati'c s'ul"phén_i c acid is forned in the elctrolyte
by chem cal or 20 electrochenical reactions.. 3. A process according t

d 1 Claim2, wherein salt f el ts of & C
Tag: ren argradd:’ﬂt |monal I yeggldgdsa4 SAOprgcgrsTgnaicgr di niﬂmﬂyuﬂlﬂwmmy qﬂB

Clains 1-to 3, wherein seleniumsalts and,‘-othe-IIurldmﬁalts Bmre ad in a'

concentration of 1 to 20 ny/l. - 12 - 5. A process according to any one
of Claime 1 to 4, wherein. [err] in a concentration of up to 15 g/l

is additionally added.- 6. A5-pr605§§°ez§§ gacoding to any ansteftial ly
as hereinbefore descri bed with reference to any one of the exanpl es.
laims 1 to 4, wherein Cr03 in a

concentration of up to 15 g/1 is additlonally.
N . added. | | |
6. A process as in Claim 1 and

.substantially as. hereinbefore describegi with

reference to any one of the examples.




