2001274 " A PROCESS FOR THE TREATMENT OF POLY[err] CETAL ARTICLES"' . This
inntion relates to a process for the treatnment of poltyacetal articles

igr to netallization thereof by a. cathode.sp kngnt gchni que, and al so
testto a process of netallizing polyacetal ﬁﬁ@?@enerally , the
al'li zation by means of sputtering,. which is applied to pastics. (e&7.g..
ABS) articles is effect- ed in order't o -mart=a. netallic lustre thereto..
One such conventional process conprises degreasing the article with the
appropriate solvent , coating the article with an wunder-- coat- of a.
paint (such as a. urethane, an acrylic urethane or an acrylic ester),
drying the undercoat, sputtering chromum (SUS-304) , a chrom um all oy,
or alum niumin an. argon. atnosphere at - a pressure of [err] to 2 [err]
Torr so as to forma netal layer wth a thickness o 300 to 1,000 [err],
and. then applying a top coat (such as an acrylic- ester or acrylic
urethane) to the netallized article. However in the- case of polyaceta
articles, there is - :
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currentl'y. ho materialL for the undercoat which has good enough. adhesi
to the object to be of practical. use, because polyacetal .is highly
eryst al line and chemi.cal'l y stable. Thus, the above-described .
-convent+onal process cannot be used for metallizing polyacetal articles..

1t hasssow been found that the surface treatnent: of polyacetal aticles-
using an acidic solution. is very effective 'pr%n'nt- ing strong  adhesion of °
-an undercoat to the articles. Additionally such a surface modi fi cation does .
_not deleteri- ously ect .t he, urface sgoot ness r_pr.ovides a ood_
" surface “suitable fora,gﬁﬁft‘eﬂ' T'r%‘f'a?%l“ %in‘f%\b?éj"f%%ersa%‘c"%cﬁ%% bEX A
hydrochloric aciof smlmqetclaumcmsqw‘mr ctacratahkiza tdan e@azi'aacrﬁd:‘} 2
and an oxi di zi ng ot [ ro

ghé{ly BubONThE- etcthﬂ;ax ana 433 Hdiehy, yg:t:%an%ﬁg £ | uene

sul phuric- aci d. bre: organi c acl | ncl ude acet4c aci

sul phoni ¢ acid. 2% ﬂ%ﬁ%l@%ﬁ%ﬁ’mrﬁ%‘fcﬁ1 norgani ¢ acid and an

organic acid may be used in this invention. -Although the treatnent

condition varies wt ‘0 , b,e t pan

'be expected parti cul ;t;'%l];lg‘\?% n%h%r%%t%fi{%%&? bJr'lor O%#lac acsleEI &Ceisu?

enpl oyed: Wlth hl?jhl@@nb%n%?a%i@h to plastics e..-,. ABS) articles :.s ef‘fe_c.,- B

ed in orc.er To _m'oa.rt E me\.all:.c :Lus“'re thev'e‘(:o. One such

conyent-onaL process coqprzsss-qegreaszng the article”with'
 the: app’ro_pria.‘: solvent, coating the article with an under-
coat of a paint (éuch"a.s_ a. urethane, an acrylic urethane

or an acrylic ester), drying the’ undercbat:, ' | _
'sputte ing - cHromiuhf(SUS-’Oh),-a chromium alloy, or aluminwm
in an argon a.tmosphere at a pressure of 5 = 1073 o '

2 x.TO -k Torr so as to form a metal  layer with'a thickness
of 300 to 1,000 i and. themx a.pply:r_rm- a top coat Csuch as an
'_'acry'lic ester or acrylic ureth.ane) to the meta.ll:.zed art :.cle.

_ However, in.- the case O-L polya.cetal a.rt:.cles, tn.ere is -
.current 1y no material fo* the undercoat which has good

" enough achesion to the obaec" to be of practical use,
'-because» polya.ceta.‘!. is Ivigh,ly'_ _crys_ta.ll:.ne_ and chemically
s-ta.bie.. Thus, the a.bové-'described. conventional proceés )
_ca::.not be used for me ua.ll:.z:.ng polya.cetal +ticles. I; has
now been found that the surface treatment: of pol faceual
articles us:.ng an a.c:.d.:.c solut:.on. is very effective promot-

' inz strong adhesion of an undercoat to the articles.
-;c-.c..:.t:.onally’ such a su::*‘ace modi..:.cat':.on does not de’es.e::.- '
--ouslv a.f.‘fect' t.'n.e surfa.ce smoothness, further provides a good
sur"a.ce su:.ta.ble for sputter.ng, metals. -Sﬁitable_inorganiq' |
acids :.ncluc.e ’.yd....ocnlorﬂc acid, sulphuric acid, niibsnhor'i .
acid and mixztures the*'eo.. . and an oxidizing m".::ture consis=

ting of potassium d.:.chroma't:e and. sulphuric ac*d. Suitable

' o:ga.nic acids . include acet:.c acid and p- toluene sulpho'u.c
';.c:.r_l_.; ‘A mixed acid consisl:...ng of an :Lnorganlc ac:.d and an organlc acid .
‘may be used in this invention. Although the crea:men!: condition varies
with the type of acid being used_, favourable effects can be expected
particularly when one or ‘a. n.x'ixture' of inorganic aé.ids are employed wi-th'-

‘high concentration.



~tenperature is bet wee

- yn/the case o organic acid solutions, 'ie treatnent tenperature nmay be O
tp 00 C, whilst the treatnment time is preferably not nore than 360.

utes.. In the - case of inorganic acid solutions and oxdizing '

. mxtafes.,. the treatnent. tenperature may be 0 to SOC whil st -t he treatnent
tinme is preferably not nore than 30 m nutes,. Nor e speC|f|caIIy, in the '
case of acid m xtures, for. exanple Wwhen the™ acid solution. is- conposed”

-~ of 30 60 percent- by melght of sul phuric aC|d -5 - .30 percent by melght of

hydr ochl ori ¢ aci d, .pe,g Ya ey, the erred
r@b 0 J dt#}ﬁﬁ?e adf g;'él ..tovi@g the ‘L%

erre i § ot Grea r
t han 15 mi nut ekemperstyrR -'-E#«éﬂl# r@dto AN ne‘r#ﬂéﬁe theitreaimant diime is

consi sts of Z%reﬁé)mp@.t;eemtbyo#\.elﬂm-xojecsuﬁmésc_amd 30 - O percent by
wei ght of phosphoric acid, and 50 - 0 percent hy -weight of water.. In. the

‘case of an. oxidizing mixture, one preferred mxture. eon5|sts of . 1- 5
‘percent by wei ght ohxptitasﬁ.mafchmrMQ &Hid Qﬂ.qieirqmmtat;y it ingf

.-sul phuric aci _dnvat ter daG8,+ o
p %?@Q%-e@ t&p@‘[{é‘ﬂﬁrtlcl A %‘ta"q;‘éﬂ’a y ¥ @to?ﬁ @‘&a J.st .

modi fi cation’ acet article is di | nt
neut r al zi ng so?Eﬁl'd-?F%"iSnent tme is prei‘erab"v not more tn:.n JO minutes.

. More snec:.f:.cally, m the case of acié.. in:'.:-tures, for.
_e::e_mple,. when the acid soluti on is composed of 30 - 60
percent by we:.ghi: of sulphuric a.c:.d., § - 30 percent by .
weight of hydrocn.loric acid,. and. 65 =~ 10 '3e:r:cen"- by hes.ght :
of water, the 'areferred. tempe rature is betvean 0 and 30 c
and the vref‘erred tme is neot g"eater than 15 minutes. In
. one prefe"red. embod.._ment the acid. solution cons:.sts of 20 ~
50 percent by we:.ght of sulphurlc a.c:.d., 30 - 50 percent by'

' .fe:Lghm of phosphoric acid, and 50 ~ 0 percent by_x-;eight_ of_ o
vater. In the céé'e of an. oxidizing mixture, one preferred
mizture consists of 1 ~ 5 percent by weight of potassium
cichromate, 50 — 93 percent by woight of sulphuric acid,
and 49 ~ 0O .per'cen_'l:_.by weight of water. o

After sur*‘a.ce modification of the polyaceta.l art:.cle,
the article is dipped into a neutralizing solution to
neutralize any acidic ma,.e_r:.a.l on the surface of the article
and then an_undercdat is applied. Subsequently, d—-y*':.g- of
‘the imdev-coa"l: is carried out (;or example at 120°¢ for

..)0 m:v.nutes) and then the metall:.zat:.on by' snutter:.ng is
performed. T"‘ms, a metal layer with un:z.fo*m thiclness is

formed on the undercoat w Lth.out 51v1nb a.n.v micro-cracks. o

The term "polyacetal™ as used herein inc_ludes any grade
of .polya'.’c_etal homqpoly"mcrs', polyacetal copolymer's having
Gifferent 'cbmpb_si‘cions_,' and polyacetal homopolvmers or
.copolymers modified with various luinds. of cor.:i:oﬁn_d.s o



“neutralize- any- .cidi¢ naterlal on. the surface of the article and then éé}éi)
undercoat. is applied.. Subsequently-, drying of the wundercoat is carrieé '
out .(for_exanple at 1ZOOC.for 30 nlnutes)-and then. the netallization by
”sputteang is . performed. Thus, a nmetal layer. with uniform thickcess is
'forneq;pn t hes undercoat w thout giving any mcro-cracles. The term

" "polyacetal" as used herein .includes any grade of polyacetal _
honopol yner s, polyacetal copol yners- havi ng éi #ferent conpositions, and

- pol yacet al - homopol yners ‘or copol ymers nodi fied with 'various kinds of

T g, ST S B R i
flakes or mica), or &t 'réP%h?iﬂ&aneé @HFQ 90RgERE Hod 191888, éhﬁes' '

stabilizers of any- I«hends,591ass Thaken exemica hy ariganic widinfbecimgplhgemss, nore

in detail according drgahbhe rodlikoave)d ard a68abe 31 zddsAbeSamyf kPRIRACON MO (a
pol yacetal resin produced by Polyplastlcs Co. .Ltd) haV|ng a.l ength of 70

ma mndth Of The present invention will be explaxned more in detail

-according to the following examples.

’ .Plates of DURACON M90 (a polyacetal resin produced by'
Polyplastics Co. Ltd) having a length of 70 mm, a width of
50 mm, and a thickness of 3mm, were solvent degreased
10 using an organic solvent (e.g,isopropylalcohol or acetone)'
and were then surface. treated under a variety _of"_
¢onditions as shown in _the’-Table. Any adherent acid
coating on the plates was then neutralized by immersing
pthe plates in a neutralizer (e.g; a s0s by weight sodium
15 hydroxide aqueous solution). After that, EXP 1245 (an’
' acrylic urethane paint, a'sputtering undercoat for ABS
resin manufaetured by Fujikura Kasei Co. Ltd.) was applied
to the surface-treated plates and dried at 120°C for 30
minutes.

20 = These undercoated 'plates _were placea in a sputtering
apparatus' sold as . CFS-8ES- manufactnred by Tokuda
.Manufacturing Co. Ltd. and then a chromium ailoy was
,sputtered on Lt 80 as. to produce a '300-400 A thlck
chromium surface layer EXP 1380 (an acrylic urethane
25 ',paint, a topcoat made by Fujikura Kasei Co. Lt4d) was
‘paznted onto -the metallized plates which were then dried
at 80°C for 30 minutes to complete curing of the topcoat

If de51red, or necessary, before acid- treatment, the
polyacetal articles may be subjected to an annealing step '
30 by heat treatment, for example atl40°c for 1 hour, for
a stress relievxng purposes.

In order to compare the aegree_of the adhesion of each
' deposit (unQercoat + Sputtered'metal'layer + topcoat) to
" the substrate of Duracon, a cellophane adhesive tape, which
was applied to the deposit in which 1 mm-x 1 mm checkers
35  had been produced by two mutually perpendicular sets of



50 mm and a thickness of 3nm were sol vent degreased' 10- US| ng an

organi c solvent (e.g isopropylal cohol. or-acetone) and were then  surface
‘ gajed under a variety of conditions as shown in the Table. Any

’ )

ent* aci d coating on the plates was t hen nettralized by i mrersi ng the -
gfes in a neutralizer (e.g. a 50%by weight sodi um 15 hydr exi de o
aqueous sol ution) . After that, EXP 1245 £ap acrylic urethane paint, a

sputtering undercoat for ABS resin nmanuf actured by Fuj i kura Kasei Co. Lt d. )

was- applied to the surface-treated plates and dried at 120[err] for 30
mnutes. 20 pdfeEPe Lncet<otitesugh atles depesht Acess pabled s et ngy

| apparatus SOl sp CPBBES, WM gciued DhTokuds MaiAGaTg 00

Lt d. and then A chrom um was red oni1t sSo as.

300- 400" A thi cka%r#@ﬂﬁﬁlsur%ﬁ:en%w @(F”ll%@ee{%nl%ﬂw Jaheing é‘tﬂnéﬂ@ 25

paint, a tOpcogﬁom@wfwwﬁee&asem&omgfﬁe FRStHA SPBAHUD ddil
rretalllzed pl {_es whi ch Weret dried at 80C for: 30" m&ute%lto corr,plete
‘r‘%%'{ ci

curing of the toPEoatoFr st T hettTeanry AT & FERTHET s
t he pol yacet al zzetsindigs imythe Bablected t0 an anneal i ng. step 30 by heat__ o
- treatnent, for exanpl e at 140[err] for 1 hour for - _ ' ’
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CCLAIMB: 1. A process for the.treatnment of a polyacetal *article prior

lewith an acidic 5 ° solution and undercoating with an acrylic
hane undercoat. 2. A process as-clainmed’'in claim1, in which the -
acjdi c sel ution is an aqueous solution of. ope_or . nore i norgani ¢_aci ds. N#0
3. Aprocess as claimed in claim1, in which theacidic solution is an

aqueous sol-ution of one or nore organi.c acids m:mm\ﬂﬂ‘ | ai med i n o
-cIa|n11 in which the acidic solution is an aque&““ ne or nore-

15 |norgan| ax#&g and one or nore organlc acixdst 5+ ™ process as
claimed in clal n

claimed i'n claim 1,Asggs&ags' by ¢ %Qeatn@?ﬁ:e'o@ﬂq %&M&Pe&é{‘cf‘é‘y

- one of Exanples 1

prior to metallizing by sputtering, which process ;“
comprises surface treating the article with an acidic

5 _solution and undercoating with an acrylic urethane
undercoat. '

2. A process as claimed in claim 1, in- which the
-acidic solution is an aqueous solution of one or more
1norgan1c acids.

10 3. A process as claimed in claim 1, in which the
' acidic solution is an aqueous solution of one or more
organic acids. '

4. A process as claimed in claim 1, in which ‘the
acidic solution is an aqueous solution of one or more
15 1norgan1c ac1ds, and one or more_organic acids.

5. A~ process as claimed in claim 1, in which the
acidic solution is an ox1d121ng mixture of one or more.
. salts, one or more inorganic acids, and water,

6. A process as claimed 1n claim 1, substantially as
20 hereinbefore described in any one of Examples 1l to 22.

7. A _polyacetal-:article. Whose' surface has been
treated, prior-'to_ metalliZingz by sputtering, by a
_ process as claimed in any preceding claim.

‘8. A process of producing a metallized'polyacetall
.25 article compr1s1ng surface treating a polyacetal
article by a- process as claimed in any one of claims 1
to 6 and subsequently metallizing 'said treated article
by a sputtering technique.

tallizing by sputtering, which . process conprises surface treating the -~

(3]

which the acidic solution is an. OXIdIZIng m xture of . -
- one or nore salts, one or nore inorganic acids, and water.. 6. A process as



"7. A poI yacet al artlcle ‘whose surface has_been treated, prlor to @
rret allizing by sputteri ng, by a process as clai rred in any precedl ng claim -

«8x A process of producing a rret alli Zei’lﬂmm I!Hﬂjli ‘article conprising

- surface treati ng -a polyacetal arti cle i:l ai red in any one :

. of . cliains 1 to 6 and subsequently rretalllzmg ‘sal'd reated article by a
sputtering technique. - --8- 9. A process asgcClaimed in claim 8, wherein.

cafter surface treat nent ‘and before netallization, the article is -eate
with an “agent for neutralizing the acidic sol ution.. 10. A pol yacet al

arti C' e \Ahen mBﬁ.al | 280bzdWeds 4 MRS Bl AR i3) Shai®is QAetlr st rface
' ea.‘mcnt and before me alT:L::a.t:.on, t’ie a‘-t_.cle is ‘-er..teo._

vith an agent .:.or_ ne_u‘(:ra.l:. ing- the acicdic solution.

_TG., 1‘ uolyace tal artlcle- v.-za:; met.:.ll:...ec.. by 2 nrocess as

-'.cIa.:‘.:zed. i claim 8 oxr 9.




