VEFH FOR SURFACE TREATMENT OF POLYACETAL.RESINS The present invention

r I@hes to a method for the surface treatnent of polyacetal resins. Mre
paxt tularly, the invention relates to a surface 5 treatnent nethdd vvh ch
S pref erably adopted as t he pre- treatment of pol yacetal resins tE)a? 3 5
carried out prior to plating. Polyacetal resins have excellent thermal,

meckani cal ‘and chemical properties. At~ t11e"present time, however, 10

since-they are rel ati vel y expensive, they are mainly used as engi neering (
resins for the manufacture of functional parts.- Looking to the future from
the point of wvi ew& e[ r re It expect ed that
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t he surfac tlwt%ﬂﬁ IS a meri yace
convent i on SHEmeRE sngthede Which sl rpreleradlyuatapsed & rihe . of

pol yacet al reSIzsu@eJ-ﬁreatmeaer oNhoAS acéteé?:br&-& i%g £8! g 3 s# S it ™M

"surface treatneng é i%treat nt whi ch rst ace
hydr ophi lic so I?Wh?rp 2t PA§YeRBeoat i ng becomes possible. It is said that

pol yacetal resins caPobyuaathaceewitﬁs/aiﬁb byxeéTheRe Bhelmd 1o HUBHartesh
mxture, 30  phosPhoRLgsa8h %y o%lef s 2 Ond Sréelsént tHJ..C.).WE,V%rowever,
10  since they are relatively expensive, they are mainly
used as engineering resins for the manufacture of
functional parts.
Looking to the future from the point of view of the
raw materials for resins, it is expected that poly-
15 acetal resins formed by using methanol as the starting
material will become one of the cheapest resins,
Therefore, it is expected that polyacetal resins
will be applied even in those fields where ARBS resins

| and the like are now applied, such as, for example,

- 20  the manufacture of shaped articles decorated by plating
and coating. In this field, however, the surface
inactivity which is a merit of a polyacetal resin in

- the conventional uses becomes a defect. Therefore, the
surface treatment of polyacetal resins is an important
25 technical problem. By the term "surface treatment" is
meant treatment which renders the surface hydrophilic
so that plating or coating becomes possible.-
‘It is said that polyacetal resins can be surface
activated by etching with a chromic acid mixture,

. 30 phosphoric acid, sulfonic acid or the like. However,
although the surface is roughened by carrying out the
etching according to such a conventional method,
conplete activation is impossible.
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although the surface is roughened by: carryl ng out the etching according to ?;
such a conventional nethod, conplete activation is inpossible. -2- W
carried out research on the rel ationshi p between changes of the surface by
etchi rTg of a shaped article of a polyacetal resin and the kinds of treating
agents,. and to our great surprise, it was fqun.d that 5 when a pol yacet al
reswmr’is treated wt %.c%guld m xture of hydrochloric acid-and sulfuric

n

aci d good activation rLed aPHEITEPLREGHN s &0 r&datirnshi® ngly does

not result in gdmltvwémvelhaﬁ)@eseuentnfet Bug flaldien beRite NPt NosRipl&SS
t han several Accoi\d ngFég the.. pre e% I nven |on therefore a
t

met hod is prOV|g%Ft*%&et%£ BPPa¥EC FESL R Qfstreating
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t al
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be plated by t h@%d’lmdm@pboascmosé addpsed fugict eid agdod) aft AR 168i nS.
The plated-artid @éaé Quji' Qlﬁhgﬁgﬁdﬁﬁﬁ' R s{ﬂxci]{}gtd%sa

pl ated ABS resi n 20 art| eat “resi stance superi or
pl &t ed ABS resi Mk m%%lt F%r@ﬂ@@n%‘ﬁelvﬁheonr.e&lv@@ withara ithin cdeptie

sur f ace- decor at ek AekRONGess 1065 CARR! 8eWKraQalin1d. vacuum deposition or
n
sputterl 9 10 According to ;he.present invention therefore, a

method is provided fo?-théisurface treatment of a
polyacetal resin characterised in that the resin is
- treated with an acidic solution containing chloride ions
and sulfate ions. '
15 A polyacetal resin shaped article etched according
to the method. of the present invention can be plated
-by the same steps as those adopted for the plating of
ABS'fesins, The plated article obtained has a high
-adhesion comparable to that of a plated ABS resin
~ 20 . article and a heat resistance sﬁperiog_to.fhat of a
plated ABS resin article. Furthermore, the treated
article can be surface—decorated and bonded, for example
by coating, vacuum deposition or sputtering.
We have also carried out research on the composition
25 of the polyacetal resin to be treated, and have found
—€that a'polyacetal resin containing calcium carbonate is
~ especially preferfed. By the use of this polyacetal
resin, the effects'of_the present invention can be
further enhanced.
39 S Mofe specifically, in accordance with the present
» invention, there is provided a method for the surface
treatment of polyacetal resins, which comprises treating
a shaped article of a polyacetal resin, preferably a
polyacetal resin containing calcium carbonate, with an

35 acidic solution contalnlng chloride ions and sulfate
ions.
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e also carried out research on the conposition 25 of the pol yacét al
&S to be treated, and have found -that a°polyacetal resin containing
T ca | um carbonate is especially preferred. By the use of this pol yacetal

the effects of the present invention can be further enhanced. 30

More specifically, in accordance with $he present invention, there is
provided a nethod for the surface treatnent of polyacetal resins, which
. conprises treatindm cimpmbedinehdt of theopyesentl :Lnn‘emtm.opr,efaerabl y a
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10 by volume of concentrated hydrochloric acid, 1 part by
volume of concentrated sulfuric acid and 2 parts by
volume of water (about 8.6% by weight of HCl plus about
35.3% by weight of H,50,), the treatment is accomplished
within 5 to %0 minutes at 25°C. The article treated
15 according to the invention is subjected to neutralization
and washing with water., It is then conveniently plated
in the same was as in the case of ABS resin, that is by
sensitization treatment, the activation treatment, the
catalyst treatment including the sensitization treatment
20 and the activation treatment in combination, the non-
electrolytic plating treatment and the electric plating.
The polyacetal resin for use in the present
invention may ve, for example, a homopo}.ymer, a
copolymer or a modified acetal. Especially vwhen a

- 25 ' polyacetal resin contains calcium carbonate, the treated

surface is appropriately rough and highly active, and
therefore, the plating adhesion is remarkably high .
The effect of improving the plating adhesion by calcium
. carbonate is highest when the content is 3% to 5%, and
30 if the content is higher than this level, a good
adhesion can be obtained stably. The addition of
calcium carbonate results not only in stabilizing the
plating adhesion but also improves the rigidity and
reduces the dimensional change in the shaped artlcle.
35 A f:.ller such as, for exa.mple, powder glass, silica,
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15, according to the invention is subjected to neutralization and washing’
with water. 1t is then conveniently plated in the sane was as in the case

of ABS resin, that is by sensitization treatnent, the activation treatnent,

the gatal yst treatnent including the sen3|t|zat|on treatment 20 and the
activation treatment in conbination, the_ ngn- electrolytic plating

trdathent and the electric pl ating. The polyacetal resin for use in the

present - |nventlmalnapﬂmguﬂxneeaxaqﬁsaszmhbanpefyaets.a ﬂopehpmer or
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content is 3%to 5% ont ent r than t evel, a’
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results not onl gjing %k&@ﬂddﬁd%btﬁrbdﬁé%éngméﬂbé§'Qﬁaﬁuhe@¢?3ddﬂ&ﬂﬂ@5 the
rigidity and reduces t he dlnen5|ona change in the shaped article. 35 A

filler such as, P8 qgﬁ%ﬁﬂ daysRicFednerd agtippaof degr@éﬂégbﬂﬁﬁﬂﬁkﬂﬁs

exerts. simlar suftecddarserPuveicl&diCiiré i preéfetpeal ¥eoma thieSk idwgdadiaci ng

-the surface gloss of the plated article. The calciymcarbonate to b sed
1 the present Phvane daEinGadlienton: A EraraLaplEnapber R Bt

C&!CIUcharDOHabaoss is important, 1t is preferred that the amount of
'.calc1um carbonate added be up to 10%, and when the
- rigidity and reduction of the dimensional change are
important, it is preferred that the amount of the
filler added be 10% to 60%. .

15 ‘The treating solution that is used in the. present
invention is ordinarily prepared from hydrochloric acid
and .sulfuric acid. However, the method of incorporation
of chloride ions and sulfate ions is not limited '
to mixing of the acids per se. For example, salts such

20 as for example calcium chloride, sodium chloride and
sodium sulfate may be added to an acidic solution to

_supply all or'part of the necessary ions.
When such salts are used for formation of the
acidic treating solution or when the treatment of a
25 polyacetal resin contalnlng calcium carbonate is repeated
”dt sometimes happens that precipitates are formed in the
_solutlon. In order to smooth the surface of the treated
. article, it is preferred that these precipitates be

“. -removed, by filtration.
30 . . According to the surface-activating treatment of
° . the present invention, the surface layer is etched

preferably to a depth of 0.5 to 50 ym, more preferably
1 to 20 ym: A similar etching effect can be attained
by the treatment using sulfuric acid or hydrochloric
35 acid alone, but thep-the degree of activation is
insufficient. It is considered -that since the sheped



e particul ate products snaller than heavy cal ci um carbonates have a

ed action of degrading the gloss, but coarser particles are preferred
the viewpoint .of the plating adhesion. Accordingly, when the surface
~gloss is inportant, it is preferred that,the amount of cal cium

car Ronat e added be up to 10% and wheg the rigidity and reduction of the
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to treatment. When the temperature and time of treat-
ment are appropriately adjusted, the composition of the
treating solution that is used for the treatment of the

.15 present invention can be changed within a broad range.

. For example, when the treatment temperature is 0°C to
70°C., the treatment time is up to 1 hour and the
solution is prepared from commercially av'aila,ble hydro-
chloric acid and sulfuric acid, it is preferred that the

20 hydrogen ion concentration in the solution be 0.6 to
1.5 equivalents per 100 g E0.0Z x H580, (wt.%) + 0.027
HC1 (wt. %)], especially 0.8u to 1.3 equivalents per 100 g,
the hydrogen chloride/sulfuric acid weight ratio. be
from 1/20 to 20/1, especially from 1/10 to 1/1 and that
25 ‘the concentration of hydrogen chloride in the hydro--
chloric -acid used be up to 30% and this hydrochloric
acid be mixed with concentrated sulfuric acid (the
especially preferred hydrogen chioride concentration

_ being 7% to 25%). A solution having the intended s
30 composition may of course be prepared by mixing concen-
trated hydrochloric acid and concentrsted sulfuric acid o

with water. The above-mentioned concentration range is
not particularly critical, but this concentration range
nay be broadened if the treatment temperature is higher
'35 or lower than the above -mentioned temperature or the
treatment time is shorter or lomger. Fhospheric acid
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insufficient. It is considered that -since the shaped article is

si mul t aneously subjected to both the action of. hydrochloric acid, having a’
relativel’'y low etching activity but a high perneability, and the action of
sul furic acid, having a strong etching activity but a 5 | ow perneability,

t he surface Iayer of the treat’ed article §s appropriately deconposed to
forkmzan active |layer. However, the scopé Of "the present invention is not
limted by this icnnq,ecﬂuitﬁon1¢ nagtdei.ansg hbomndramdns.mnfs st odterralogen

according to th%_d erﬁé Wgngc tre %%Q.g%ogrctldoq_oqﬁfsdtrﬁtr&atr ng

liquid, the tenper Lre a on-any p |ng process
subsequent to trigaomit . acmen‘o@mflquécaagnd,an@aam @ici aszuch'reﬁa are
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used for.the treat ment presen? I nventron can_be change |n a

broad range. Sorf QX AFAWD Wﬁ%@etﬁﬁﬁiﬁénﬁgﬁgﬁﬁeﬂaﬁum |i§1°(§{1§20113- 351,

7000., the treats"a?rraflar@ t8e UpLtechshaer taedgmeml Mﬂﬁﬂorﬁ@rﬁhfrom
connercrally ava able hydro- chloric acid and sulfuric acid, it iIs

preferred that t drogen i on concentration in the solution be 0.6 to

ie equ: ?/al Sntss per MKk gpésént X:iﬂ?@ﬁﬁiggt w’iﬁll;n@;ﬁ?é ddschitbéd lwith
chlor | del Sul fur S LEReRee b ohd, Folipving, Brpsgies’ f&%%%maw from
1/40 to 1/ 1 4nd ExteatpXés § he concentration of hydrogen chloride in the
' hydro- chloric %A&ﬁfgﬁ?g ﬂaﬁglgof and this hydrochl oric
' A plate having a side of 5 cm and a thickness of 3
mm was prepared from a polyacetal resin (Duracon MSO
mamifactured by Polyplastics Kabushiki Kaisha) by injection
15 moulding. The shaped article was annealed at 140°C. for
" 1 -hour and degreased with methylene chloride.
" The degreased shaped article was treated at room
" temperature (25°C) for 20 minutes with a liquid mixture
domprising 1 part by volume of concentrated sulfuric
20 acid and 1 part by volume of water, and was neutralized
with a solution of sodium hydroxide, washed with watexr
.and treated at 25°C. for 3 minutes with Catalyst
manufactured by Kizai Kabushiki Kaisha (1 part by volume:
of a catalyst, 1 part by volume of concentrated
- 25. hydrochloric acid and 5 parts by volume of water) and
at 25°C for 2 minutes with a solution comprising 1 part
by volume of concentrated hydrochloric acid and 3 parts
by volume of water. Then, the article was non-

I " electrically plated with a solution manufactured by
. 30 Eizai Kabushiki Kaisha (1 part by volume of chemical
L nickel plating solution A, 1 part by volume of chemical

nickel plating solution B and 2 parts by volume of
water) and electrically plated with copper (a solution
- comprising 220 g/£ of copper sulfate and 55 g/l of
35 concentrated sulfuric acid). The plated article was
dried at 80°C for 1 hour and the adhesion force was

-~
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ogen chl oride concentration being 7%to0.25% . A solution having the
pded 30 conposition may of course be prepared by m xing concen- trated
. Hydrochl oric acid and concentrated sulfuric acid with water. The
above-nenti oned concentration rangeT d mot partieularly critical, but this-

concent r at i Gled§wE6a By ThewhEogeaned tiiati e RBidE dn L LsPss ke 1S hi ghest

35 or | ower hant e ab ntio edterrperatur or the treatnept tine is
shorter or | géérﬁg&:l dl'} esion °r9%n‘§ass%¢?%ﬁpgnﬁé

ions, boric Wlﬂomﬂﬁg at Bearnhheder Iwﬁ&dﬁmlomerllmacifhlar@mﬁetrl c acid
o o LAE B2k dns s Rkt M e PR, [
active agenttheraylmemgcsupsﬂaceedndsme‘aumg theflexd sne¢esbarpresent . .
Loventl on Ao NSl PHE HyER, SRR A i S iadefgy Do, doseribed win
Conpar atlvedm@i"%“ivﬁ Bixatpliea? ng a side of 5 cmand a th| ckness of 3 M
Polybl avti g5 KaboCip (PL#REEED brisE bbb Wl WpMEkd HUE o6h HAY Bime )
article was mnereelsaz.nmopparpt;weorm@mpiﬁ larexcrnl e‘bls%ti w tneatingl ene
chloridgg gelution comprising 1 part by volume of water was used.
- | The adhesion ferce of the plated article was substan-
tially zero.
‘Example 1
The plating treatment ‘vas carried out in the same
15 manner as in Comparative Example -1l except that a
treating solution comprising 1 part by volume of
concentrated sulfuric acid, 1 part by volume of 35%
hydrochloric acid and 2 parts by volume of water was used.
- The adhesion force of the plated article was 700 g/cm.
20 . Examples 2 to 16 | B
Polyacetal resins shown in Table 1 ard treated under
conditions shown in Table 1 were plated in the same
manner as in Example l. The results cttained are shown
" in Table 1.

. @ be m xed with concentrated sulfuric acid (the especially preferred
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The degreased shaped'article was treated at roomtenperature (25[err]C) for
20 minutes witth a-liquid mxture conprising 1 part by vol ume of

: cOhcentrat ed sulfuric 20 acid and 1 part by volune of water, and was
neutral ized * vvlth a sol ution of sodium hydroxide, washed with water—
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rétive Exanple 2 The plating treatnent- was carried out in the sane
fler as in 'Corrpargtive Exanple 1 efBsept that a treating 10 sol ution

S copfising 1 part vol unme of water was used. The adhesion force of - .
thepl ated articl eg substan- tially zero. The plating treatnent was

.carrfed out in th83ame ™. 5 mafer as® n Conpdfative Exanple 1 except that

a treating sol uti@r@conprisingl part~by volumd@ of concentrated sulfuric "\
acid, 1 part by vals of 35% hydrochloric acid and 2 parts by vol une of

wat er was used. dhesi on force of the plated article was 700 g/cm 20

acetal reskns shown in Table 1 and treated under

conditions shown ¥ abl-# 1 we plated in the sane manner as in Exanple 1.

U
)]
3
s
NS
o
H
(o))
o &l
t@on £ Forc

The results obtai@ areshowngn Table 1. @ 8 - [err] [err] [err]
£ - N L 3 _
[err] [err] [errlsg Y. P P P S
o I O $) . o
o g o c o o
- O n T
HO o o o
5
: - - to
. [ : ~ ~—~e Q
) Q- ol - i N
-1 QO ~ ~ 0 ~N
2 i o a5~~~ A o~
o3P g N © o =
o~  ON i ONr Lz ]
O % G O . i .
n SHdb @kt O [o! o
e c o o0 P 13 $4
28 226 92& I 5 2
[ 5 - N
~ gg|- 58% 58* ° © 2
.o o > G e A5 - >
@ O~ Ad~ A8 o
3 £ b B S e _
= & o~ ag— 8
ot .
$ . . ¥
[ o 3
[o) ~—~D -
' O R- ©
~r owd ‘t:-;
L .
o (o] e n o O <
~ < ot N AN o
) 2 o ' - B
— < O ©
c o
of
31 =] . B . o
> i o ot n o)
-t o) o Q o -
$ ~a o o o
- o+ « aP @ v
- o .od X 0w Lo % .
o =t =) e L g8
< gao @ ,_gso @ po |
2 2 2 m o0 -
o & o © -
. o d o o] ~ < ~ /
v S I SO ¥ DO g
3 o
- :: o [}
-~ o)) o
0 = . o .
v o o o Q -
[aod ¥
o § B 5 5 7
m o - - - =
o = o o o e
. m 3 o .
-t
LS
© -
g 5} < 7o} O o *
o o — ~ — —A
O Q
m = o - =z .



Terr] [err] -10- CLAIMS 1. A-method for the surface treatnent: of
poly- acetal -resin characterised in that the resin is treated with an
-acidic solution containing chloride ions and 5 sulfate ions. 2. - -A
met hod-according to claim 1 characterised in that the pol yacetal resin
.contains a filler. 3. A met hod accordiing to claim?2 characterised in
thahzdhe filler is calciumcarbonate. 10 10 = 4 A met hod according to
claim 3 characterised in that the re5|ncwyﬁms ns 3%:to 596of the caIC|um
carbonate. 5. ~ A npthod agcor di to, 4 c cterised
in that the surface ot-the r8sPR® h§g1§° t%’r?ef“ova?ﬁa treatmen g BO&¥pt h
of 0.05 to 50 pnacétal reé\lﬁebhadaae;e&ﬁ@emﬂmma nttoe cnhasmtﬁslsedan:ad

h h f '
thod aceor g n e En iy BEZaRs) BeThUIE bttt Rndod i Bl Log.  *

t r eat ment tedbersmhfate516bsur]c to 70[err]C t he treatnent tlne Is up to

one hour and the aci d%c sol uhl gds h% Pry #Jg%cm thaehg%‘g{:gér&\%!eﬁri C

and sul furic acids, hydr ogen i on ESce I on e SO I'on” ber ng
0.6 to 1. 5 equ|vanehhgtpghe polyacetal resin contains a filler.

3. ° A method: accordlng to claim 2 characterised

KRS

in that the filler is calcium carbonate.
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10 4. A method.according to claim 3 characterised
" .in that.the resin contains 3% to 5% of the calcium
carbonate. S R o
5. A method according to any of claims 1 to
4 characterised in that the Su:face of the resin is
15 etched by the treatment to a depth of 0.05 to S50 pm.
6. - A method according to claim 5 characterised
- in that the surface of the resin is etched to a depth
~of 1 to 20 pm. | -
7. A method according to any of clalms l to
- 20 6 characterlsed in that the treatment temperature is
) .0 c to 70° C, the treatment  time is’ up to one hour and
the acidic solution is prepared.from.commerc1al hydro-
chloric-and sulfuric acids, the hydrogen-ion concentrat-
ion in the solution being 0.6 to 1;5-equivalents per
25 100 g., the hydrochloric acid/sulfuric acid weight ratio
being from 1/20 to 20/1 and the concentration of '
hydrogen chloride in the hydrochloric acid being up
to 30%. . -
) - 8.- . A method accordlng to claim 7 characterlsed
30 4in that the hydrogen ion concentration is 0.8 to 1.3
K’ equivalents per 100 g., the hydrochloric acid/sulfuric
acid weight ratio is from 1/10 to 1/1 and the hydrogen
chloride concentration in the hydrochloric acid is 7%
to 25%.
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100 g., the hydrochloric acid/sulfuric acid weight rati ¢ bei ng, from

d being up to 30% 8. A nethod according to claim7 characterised 30
that the hydrogen ion concentratiaﬁn is 0.8 to 1.3 equival ents per 100
g., «the hydrochloric acid/sul furic atTd weight ratio is from1/10 to 1/1
-and the hydrogen chloride concentration in the hydrochloric acid is 7% t

25% 9. A nethod gccqt didkhd® DEvording o dtary L6 ScThBREC] egbsed in
that the treatnent is carrjed out after annealin and de g]r_eay ng of the

surface. 1038 ghetacferiasst cFthgt%t avge o"fr%*?-m?% 13§ CIr

charact eri segrydy té}ﬁ{eemﬁa emd dégréaémgf@frmm ‘eushapey article. The
“text of the specificg nte uced b hof o ng

appl i cants ori gi nal ?}p %hede oolffﬁ’y“%o#ﬁﬁl # %dheﬂ?sgv\hl ch.
are dsffi Cu|dhat1@.dm€i.sed in 'bha'l‘ﬂ’lethm:@sm id y:heshhe pfoxmndRi @i ng these
-arrendrrents mﬂ’ape% ed on the prem ses of the Patent O fice

The text of the specification has been reproduced by photocopying the applicants original.'
_ typescript. 1% may contain a few amendments which are difficult to read. The original .
N typescript cmtaining these amendments may be inspected on the premses of the Patent Office P
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0 to 20/ 1 and the concentration of hydrogen chloride in the hydrochlorib
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