o+, -./01234567 V. 8&T6TTU) ~ DESCRI PTI ON AQUEQUS SURFACE
TREATMENT AGEhmmHﬁﬁmmm METAL SHEET, SURFACE TREATED MET Swﬁﬁﬁ,AND 5
PROCESS FOR PRCDUC;% TH REOF Technical Field The present i

relates to a surface treated metal sheet with excellent corrosion
resistance of flat 10 test piece, corrosion resistance after Erichsen
drawi ng, solv coating adhesion and weldability, as well as
excel | ent scr@ﬂﬁ @@ﬁ |&lﬂWnce and t oPBPCRELEBEHM surface treatnent agent and
production pr ch the sheet can be obtained. 15 Background Art
Zinc and zi nc- bas@dYl at ed st eel and wi dely used
for househol d el ectri cal AQYERYANTER a8 and the |ike.
Such 20 steel shﬁ@A@E@ymﬁdﬂﬁmeﬂweﬁ h@z\n@mmUfrim&m@tmﬁ@mogn@mrﬁabstance
and top coatability, ~are there ore su ecte to ¢ rorrate treatment or
phosphate treat nent . It i s EREMESS SROSUCTLOL ¥4 ng such as press
wor ki ng or bendi ng, or coating, but such sheets are often 25 used w t hout
coat i ng dependi he, pose of use. Wien used without coating, it has
been comon te% e-treated steel sheets known as chromate
treated steel sheerlse hirdsditesinhavel deere bstsaci abd ea smrflapeobtemseduch as
fingerprint 0 d scr.at d S I n
order to ove?rg%ﬁa;it%ggt ﬁl%r? g,b&gg;h%g%a%%r,[ngs{%@mn‘gg{f%gg?g% %gsg pI at ed
steel dReet stefacesetms cbeerpﬁmm ovesiipyanes naften Bfiohgani drawsng,| ayers
having thi cknessgsn Of r &b0sH adcdIM b 2t DI SRR 91 SRNA &4 CREPASDE €18y ks

sheets. 35 Such organi c conposi te steel” sheets require film perfornance
i ncl udi ng not"oht 2% i R bEeME FRERREANERS hekartFo %’éﬁir‘é%l 8h REYPSHENce,

'sol vent resi Sé@f‘ﬂéi:etﬁpeatmen?t £@st@bihd tyredeethen | piecesd bpCRALcHears

t here has beer}é emand for, an even ‘#gher | evel of surface appearance
quality, wth RF% T R A2 stance in particular. This is because
of incrnéasing novenment in 5 the electrical appliance industry toward direct
use w thout coat)l 931 @I&qr@reSS| ng, or recently, pressing without oil or

wi th qui ck-dr onsi deration of step reduction and cost
reduction. Steel AFFacE a#ndrikpssd spbtiesd i pteel oSkee®s cATAg when sl i ding

agai nst 10 di@sndrdef orsalcly pare&swmpmdéédomr m&.@némaépaeﬁr@eelal SO
produced on the surfaces of the form artjc ticles

& n]i‘ ]e or rreg E]
rub agai nst RN IAHES orCMBFTHRIELME %‘rﬁ’a’r MO UER gt HRem (24FBboar d
boxes and t hestedke)shdrers the trtr@me:meartm\té anssrmfffm@ﬁtecoﬁﬁoésbom ng. The

S eal Coheet SRS LIRS Hnd A deE A e e fe A Re G Tos ot he
outer appear enuejdated tablghfoweres tiss preductr eiadsplyat@OtFeatnans.reason,
sever al techrm 31 &?th?orPQ?cF‘ ﬁpmse%]{@@}; f}gnﬁpn(sug,%@ﬁeaér abed steel

er a and scratc

sheets in consi at| on of top coat ity resi s ance. Such

t echni ques i MAHNS HF RRETEBs WeskR3BtP i rPWapHHe: S ipekanfthedoPseent
Publ i cati on (d@)é@lv)rd\il(but;’) e HiP U dPgdhdy iy lc?pl&aie §@p@@§éeoExa§bned Pat ent
Publ i cati on ( okoku %%é;lo %104799 J P- B—6 047 and Ja se Ungéam' ned
Pat ent Public Gfrbn ré%ﬁf) (Jﬁ’ ?lege éxani ned
Pat ent Publ i catlrﬁnrce(-lwmt)ed\ksteﬁ)l BN chrwm-as 151118@)1a'de sttresbsda
process rel atd t i I ased resin
particles andéé%% %‘af?ep%‘%f' l{a‘]'s {f})&% ﬁﬁa%eﬁd% dé ?I n resin.

Thi s process REPRIRRSR RGN A8 ﬁwqmmrxmmoadfresha%e%m e%‘FﬁaY-)‘alfi%PGI es are

used tgoprot eGfrifie Ghe SEIA Gy SPCtd Mmoo BP! the 6'13&e19ft@ §%v'é{~é15ﬁxé”t is
absol utely indispensable in order to evenl’y disperse, t ri ne-based

resin particl@®3% REPRERROUS AR t@treatment Hf %’F?lgb%ﬁ gsH}P’a‘é’tdant
results in ansuer Aled OVRIr i s GUEOSEON GRS SHANESrmEULHnt Bat a
satisfactory degree of corrosion resistance has not been obtainable.
Japanese Exarﬁrrﬁe%PJF“‘at@ﬁlfPLﬂkﬂX%Ia?|%V%%k"8k{5kws%% AH4799ut JP- B6- £04799)

di scl oses a ]_qag;:\asss pol yest er - based resin,

a crosslinki ﬁ; gent an%dalr%oclt&ne?% ene&gasedg“vvax %\II th an average nol ecul ar
wei ght 38f 2000 80(0IC Acsadl ¥y QQinEtCPﬁJst%)r%‘t%% heptyeseeriresfhlis used as
the base resigyy@ighal{td fﬁ@fﬁf—h& heo DYSK 0} V81 Sgd 85t St @nees pE c hhgef bLum

itself is insufficient, and it has not been possible to obtain satisfactory
corrosion restSRRRELIS IRfh ARSI tHS@N FREV Pt offS FbARe&t | BRAP (Kokai ) No.
6- 292859 (JP- A-6-292859) discloses a process relating to 15 a film
cont ai ni ng spherical polyethylene wax particles and linear colloidal silica
added to a resin containing an ordi nary-tenperature crosslinking epoxy
resin conbined with a urethane resin with active hydrogen in the nol ecul e.
Col l oidal silica has a property whereby it 20 increases the frictional
coeff|0|ent mhen |t adheres to a SO|Id surface and mhen chaln I|ke

M 1 o o, oy

sheets are convent| onal |




Where RL is hydrogen or nethyl and R2 is a linear or branched al kyl of 1-8
carbons, (b) 2-10 wt % of an a, (3ethyl enic unsaturated nononmer with a
carboxyl group in the nolecule, (c) 2-10 wt% of an a, (3-ethylenic 25
.unsaturated nononer with a hydroxyl group 2n-the nolecule, (d) 10-30 wt % of
styrene, (e) 10-30 wt % of acrylonitrile and (f) 0-10 w % of an unsaturated
nononmer which is polynerizable with these nononers. The (neth)acryl ate
unsat ur at ed normoneEbi(la)tyused ftdre 30ikehe iThveardcant iyearEpridseamt diadybaeEmer al

formula (1) ahp r nt
(net h) acryl) ate, Ge%nhﬁf { kacry atglgrnralélrp?'ge\;?l dy&ﬁ%acr %]%%p%anﬂamfe
i somers, n- but%al(lrtét,h)vézdﬂyleméla@mcﬁ Qs o rGrﬁlrﬂémfwe (dret h) acryl at e

and its i Sonerp%r&%dlélexyhrr(l@tl@ ékféd’alt?éee @E‘dtdérsedsslq{q?rn%ové}né}?@tfﬁ
(meth)acrylate and its isonmers and n-oct (neth)acr e and 1ts isomers.

_ g _ Thé cont'dift et s ARRY T trg)tqug s e 9 %R
preferably 30-wikndfe Wddt iR ReCdert Pridds M) Fr thadmia}, ?réé@lng

unsat urated non (a) f.) ,conpo the acrylic base esin he
content of thé”gzqfﬂ’r’sta ]atc‘é:d(‘“hld:rt"or‘rlgfiBL %‘a')qg’iys“tge%]t'hdﬁl FPRG % e%%l%s ting
pol ymer fil m lsaaks dddrmatidn tamd @k rddat fian .oc@dedIn dnefdadsn ahs i ng
filmformatio suf |C|e rrosio resrst nce ot be obt ned On
t he ot her han Cﬁ‘rrtig' con cerﬁt s pr & 48 d&eezﬂ et ’t°ﬂ]eﬂ? 75

becauselfhe saiiwsntundesi stuatric o s sty fcmmerctafqrtsm iveh i Iref eercrmtchﬁ&s eaaaasrpl es
of the <x,~ etfW L LR YRtk rgtrtof?cres( e Wi ﬁﬁﬁr&)@fone oup in the

nol ecul e, to be used for the 1nvention, there may acryllc
acid, 15 met hathan jtheydiarmach|aamiclRs &Uh@BHins tafARdy ifdied Wari ¢ aci d,

cr ot oni ¢ ?ci ﬂ,agatlawmead@dhtaaldermmwsla@ d}rﬁadb(lcdatlwaa:rca?ék%& hend
content of t r.at 0 refer Yo and nor e
preferably 2. \SAJI"} SN ¢ ctprtogjb% \é) 0 otr“t’t?éy‘t theé? a\(l)%teflhe

unsat ur &bed 2(formr1(m_ars 11@) stara(u‘c)hetd)rqmmgtavre prosryy l[daetssigoh r esin. - At
less than 2 wt %4 esd f t nferior, and
at greater than Sf%'etv[@tq})% c?r}rec?tsr{g)n drde@({srfacr?(s:dté:eegdn erSSHreZs% st ance of t he
filmis inferissrfaz®esas aéx;chr’pplstewoarsnmcalsit@mm%mfc e #erat e horoner
(c) with a hydHeX¥ut@:0Wpdeh it dMIRUltab1ld RAEEEHOpANRdOIVeNt i on,

t here may be nentioned 2-hydroxyethyl (rmeth) acryl ate, 2- hydroxypropyl

(et h) acr yl at &433fydroxypropyl (neth)acryl at e, hydr oxybutyl 30

Erret Eg aEOy: ate 3- mw(jirwhmlsutnéas(mt ts)eaﬁerrsdlatt%c é!-%)thslﬁellbeen

ne acr al e QX e OX o

(met h) al | g;I et B&P: o fdrreéfﬁ‘d%X?l ‘%?%%‘l er?etredgﬁg:y Hﬁ(rpea?“g%h’orr. The
content of theomssatemadtion mfnduwr ot aksl lpraf errablserath %m%m nore
preferably 2. g8 éc?tD E[ue%sﬁ)%ﬁ‘ctlutd% Jt%% :%)%c%fs cfe%tcaﬂ

unsat ur at ed m)norrer osi n acryJ1 | C- based resin.

At less than mw%ﬁwq ﬁ%lflcﬁa I(I%Ort%aelt s §&- iHferior,
and at pseat er17t1Igan (5@ wt-%tihye go0r,r Q< Fyhdﬁlmm%cﬁ%ﬁl@{@r resi stance of
the filmis i |or T ont n (d)_ use r th
invention is % é‘rczfﬁllfnlg ét?d q@@t é%%%& vﬁ“tcfet respect
to 100 w % of JtalpranterstealUn@fxatrdlmeldnS’at‘amﬁi e binateEion (@okal )\ fyo cofposi ng
the acryli cba§e9§85«§s p.P AL Ie@% an 10 wt % t he scratch resistance 10 of
theforrredfrlmrsr eérior, at greater than 30 wt % the corrosion

resi stance after Eﬂa@h@@rsedﬂmmgmmfect P e tmBAud lilefadriicoy . (Kea cbrif@ent  of
the acryponi 5ilig169) (Ueed 150070 ) MIRRLIRARL & HAIRIAP! N 10 35 Mgt ANd
nore preferably 1515 %wth respect to 100 wt% of the total” of the
unsat ur at ed nﬁﬁéﬁ‘é‘r§l(1§‘) op¢admede ¥pAHG G e UaEiAgTRERH F95ih. At | ess

than 10 w % t Barsokvent aheSisitldeee pefrtiike dorged fudgBlishd-MediPied and at
greater than 30 wgﬁathe wat er regrstance and corrgﬁ{on resrsngnce_ﬁ% t he 20
filmis inferPSHYOrRE ndgtdr at ed MSnHFECSES) 15 AR TATEATAR

ot her than (a¥fluorfier-basiech ries inopalnierliesalkire wisdd nen@mrteda)thio (e)
and any; one S r. the r e furth he sol vent
resrstaﬁ%e ngxrgﬁggl%%Ctggpgtcﬁggegﬁgﬁaﬁ%eCHitc%%r%%?ﬁﬂﬁ?ggﬁ%d film so

| ong as the eﬁb@@tlquElu/henrdms@mnlS@rbhes mxotortqierrdé:roedave«slyemﬁme@@ftltm
unsat urated nMpAGER, nel halRer ¢4 ft%]etue%n% A & R oL@l s ng

unsat urat ed nononers such as neth acrylam de, N net h)acryl am de,

N, N 30 di net hyl (meth)acrylam de and N—dlnethylanlnopropyl
(meth)acrylam de; esterified unsaturated nononers such as vinyl formate,
vinyl acetate, vinyl butyrate and vinyl acrylate; aromatic unsaturated
nononers such as styrene, a-nethylstyrene, t-butylstyrene and vinyltol uene;
35 cyanat ed unsaturated nononers such as (nmeth)acrylonitrile and ci nnanyl
nitriIe phosphate gr oup- contalnlng unsaturated nononer s such as

1 . - [T T



.- 15 Table 1 Types of netal sheets and pl ating coverages (sheet thickness:
0.8 mm) AbbreviationT a of netal sheet EGZinc el ectropl at ed steel sheet

(pl ati ngcoverage: 20/ m2zNzi nc/ ni ckel el ectropl at edst eel sheet

. (pl atingcoverage: 20g/ne, nickel content:- B2 -w~)Q Zi nc hot-dippl at ed

steel sheet (platingcovera a : 6 0/n2 ) 5 (2) Degreasing treatnent Each
metal sheet was subjected to degreasing treatnent with the silicate-based
-al kal i degr eagindg Usdewgt thiens udifegnent4 336 Wliteyiist @ne@vieraddmaidwest Ni hon
Parkeri zi ng Cqeyelit &) co§ 1 inC 2lelst 5 thffe dTeiRlc s el 10 s"?ciéfra%actd?xq/ for 2
m nutes by spraying wth égreasi nq agent’ concentration of /17at a

t enper at ure ofieggee &t @Pr\mSém reRds tpcey hags mer Reem 1‘%’5—% Leor 30

seconds. (3) SubstUab%nb@beExbhgab68®htbat(@hﬂ%ﬁ@dﬂfﬁ@ qRokBRE tNLatgrent
(et al ?eets IZ:I(} Wg) @ ggrorre 537 i stered trademark of Ni hon
Par keri 2 ng C3°%7P9¢84. <)7 5634047930 g3 555 & 9 Hfe& for
5 seconds at #idal ublnctralhemeraarpuage%&e@f-b&&@,d frelslioyed kyrosadhiinkgng th tap
wat er and air dr% tofabrlc heet . 'é;etar et chrom um

/

coverage was 28° f’bfo/&b’ﬁ%}‘g&f"lngn BE WS @ AFEASent (net al
sheets: EG Zmpl@b)ll% Znemghehlooirreonie@(BANO(regucs:be'Idaahgt rtad enimeirsk pofodds®on

Parker 29 O polllholog Bl 8,090 e iekalscoliost by gt | coat i ng,

and then dryi ng an at nospher'e tenperature of
200C fok010 sé& GNG§OWﬁtﬁ©GthwdﬁéﬂYﬁa§h¢ﬁ@l am@@rpéaﬁ@eaﬁ;%mﬂn;saiﬂsnéét

The peak net a'm%ﬁ'f&&"c%b‘ﬂrte fa‘ﬁ'a tltEe hh%e%b@%eW@%o%@,Q@lea% i id get

chrom um covera c) ElegtrolytiC chromate treatment (netal
sheets: - G azlqor ngoﬁrﬁrséé’er rFESSEAOGT of electricity was applied
at a current denS| Uupahet@ AShdxBmined Patlentomudiliicag ot gﬂ(b]«afl )chrroo.m c

acid and 0.3 g/ qu ri.c_.a r 5e|ectro|yt|c chromat t.nent of
t he net al shegt_fbg(3 af(fjg Avv:gt gﬁq\%’gﬁl ﬁld‘sc&roﬁer?g §°§eers orrre ga
secondslat anaatfdrémph@manenpgr apbee 1ok 12 0L yied hiydiemiec ataex @amml@ssheet.
The peak netal, heER%%TrUl’c%lflg Ftalie EJl)%ta”%'atde‘e@%o&A fre%ri?x e i3Sl

chrom um cover age was repar ation o aqgueous Surface
t r eat ment ageﬁPsOTﬁénééy Gﬁ@pﬁra@ﬂyﬁapéOﬁﬁéam&#aﬁeGpﬁﬁabﬁ@ﬁén<93mblned

a, (13- ethylenl&luﬁsatu&@tadnaomgg&h8wwhhha@tqa@b@&m& ugm rnche nol ecul e,

3- et hyl t 1 th
ol coul o, (o) "EUSFERE: (EPIABRIRInAIie AR0 (1 PIOREALY, MEd RGer
pol yner2&abl emmrlaaslaeseheolﬁmaeltipnhavcngftfhemlmltr evnieat iidnsddleonas |tro TBabl e

2, were used | .he ti ahl. n ng Al to
237" shown_ 1 n T05ra°sRESREE, N3 SHBYTCHA BTkl ol 1A AR AL
each of the nﬁﬁ@deagcpmdxagléozthegr@geﬁe§suhéhgl§§§a¢ﬁ@n§aﬁuﬁtqmmméﬁhture

(Tg) in C of EE@uB@HDB | yper sQEuE'E@Ea'ID@Q%(er‘%Q'&BO'&thhea%ltl*&ﬁd-EQ. val ues
at the right of Table are t he g ass tran5|t|onlgl&}1 eratures of each of
0

the pol yners. 535188ud588 14 spBPsPonESEf trh& LFHA STREIPEe8%and t he
colloi dd sil uaaoandspeki;mhqf sphwz(cdilsperlgiewmgl@hemﬁakes theanmidryaing

respectively, xe Lure i LAPQlyie@NS wn in
Tables 7 to 15 ugleﬁa‘ &Befal eF %gn&g urr“ard lgwegl Itlgeg‘ %aioe@m&s%gdded 30
t o adj ust thetberedocencéat pelyendylehe weii hecomess ermbedislesf itthdhe | ns
Shoan in 18l €8s{nl @i1f, AkBa0385AL0NN1AY WoizudT LhBOLR Ak G POl yIer,
silica and wax, and e silica ang wax amounts in l es are

repr esent ed a§rﬂE?§ﬁV pefceneagésfactoryy scrapra gesmtance

Monomer#bbr evi a- NanmeAbbr evi a- ~ Naneti onti on(a) BAn- but yl

acryl at e2EHA2- et hil hexyl acr\ﬁl ate g 89) § - 54) BMANn- but yl
nmet hacryl ate 20) (b) AAacrylic acid

(106) MAATet hacryl i thacpbgeb@3@) é.n)rahIEMéﬁ hytiiahy éalsy baldRA2-cytdpddysdtedy |

acryl ateneth a 5 H y %ﬂ (Y
(26)(d)Ststy?%%ék(&§8)?§§A %c%y VaRYC R it ?? éfﬁei%%blems
met hacr yl at eNadBaahatrethyishathel amldé( AYE(7Provikdles 3 Wwrdmse ttreatad
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- 21 could be stably forned with a nugget dianmeter of 3 mm or greater was

determ ned. Table 6 Wl ding conditions Paraneter Conditions\Wl di n

current 8500 AEl ectrification tinmel0 ¢ cles at 50 HzEl ectrode dianeter4.5

. mEl ectrode force200 kgf 5 Sanpl es assignhed Q or O on the foll ow ng

eval uation scale were judged as satisfactory. The results are shown in

Tables 7 to 12. Q@ Wl ding points: a 5000 10 G Wl ding points: z 2500, <
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Hok 000 0QBdd D0 GRdlierd afodkt Grrf Bl O Bh Bl eds 0P 0 0

0 0 0~ z aoaaaaaaaaaanaaaao0Oaaanaaaaaaaadaaaaaaa H U H HHHHHHU

HHHHUU H¥YFU e haetHdaHbBe 94484 HHHI | OC O 00O O COO O O

O COO0OC OO0 O Q Redule @OmAch QiG iBR GLRLA L &) Gdadtoy W' ~~
2100000011(60000000),(0000) 0~ a

OX000000 0000@%@&?&?%%%@06’@3%1‘0“ above, the present

Ox0000000000 O30 X (Huid dHH etl WHe ,presettt Wimbéntion upon

0000000000000 000000(3%00040004 Ua Uo0 % X’ifb

Oodx4000000000?(9?5bl NI A)%WWOG%M dB%000000

N bl N'g o 0 Gr0 aguedn ) sudfare) tre@theht) dyentN aprcaimiGy (RO &y Did-0 O

0.0 00 0 D “lbagdd xdsir 'palyneiized £rdm d spdeific Honoded, add [1 |

ri oo mui m.-1 -1 ;=10 ~"="7r1 .1 .- ,=1 .1 ;-1 =" -1 "1 DouU

Il 111 49 1fwsidimag. 117 111 t(1 N1(1 117 41 112 1f2 1(2 2(1 1(1 111 111
H(1 11111 = 8l serdidwordd, find 9ho¢ df lerk GrIAO Wbddsad 14 1l

rirl

i
I
111
"I~ rlorl ol 0o - 1
I

T NNNNN@slfPf-cf"L%'clf 1uuuuuuuuuuuuuuuuuuuuu
UUIl UUUUUUUYIY BrJddueddsU sdrEdten tredtnbrix Qac_ﬂarﬁ: (bt(hmacﬂté}cﬂz@d u7 Io
Ino00O00O 00000 0 O NNN Or
N1 M- N RINRTRE S BN R R R NN VD A0 15 FEe
n-1"'i 1b rI df 'dollloidalN sillida Lim-tenns rclf 'sokid Meiejhir,l wherxeéin|the r1
H'i "-1rl ,WFP o PO W W PO W P4
PO W WWWW\?\‘/@(B’%&& %%yéﬁd%gw a ﬁ/gt%\%ﬁ/% B?’rpl OHNnNnNN n n
OOTrl "i rl molymerdjzatiom ngactiop gfm fim 4qrms jof |sq/h\sd eight ¢3)
viorl "I on-1 "5l vd't'% df W V(nfé%h)'dc“ry@a@@xﬁs@t@r@@@nﬂ:r@n@xo 0 0O0o0 O O
00 0Oo0oo00Oo0oo000oO0 0,0 ?vl aJDa}EaaaTaaaaaaa
aaaaaa areé’rgsfné:eél P¥a fé’ °"‘P‘n~g ageanaf PP L~ v mv a~

a~ d~ V20~ ~~~~+~l~~~~~~~~~' ~t~| ~~~+~| +~1~~ ~ @ a~ .U +~ a~ ~ +~ +~ +~ al

+| +~ +| HOOOOOOOaOOOOOOOOO000000000000000
0O00O0O0O0O0OO0OOQC %%Ocl%%%%%%%%%%%%%%%%%%%%%%%%%%
% % % % 1 1y ,~r| prl rI rborelorlborlor el ,xloorloLrl
florlorl oLt TCI—FHDR rlorlrl Ll N%%owU %NG %% %
%%%%%%07 %%%%%%%%%%%%%07 %%%%%H~ro~1al ~D ~
? -, Tl ifar &

~1~ IH . WlhfrelRl is Q!di%ei o ‘."Leth{l d8a) 12~ l§~a1 s u %x~ 000
+l ro 0 " ro bradched Ql@:y(l @10 10-80 A rbdh 0 Q}:Q Q—Q.(IM&%O(QEQ&IO(Q(D—O 000
HHHUUHUUUUHWHHHHHHHHHHHHHHHHHHHHHHTYrO, a~ 1, a-
ro w~ m~ roShylenicyupsatupated gionpmer withy a carboyyl group dn; _
~a~ ~ a- ~ ~tHe mol'éc'dl‘é G(c) U219 JeChs 'ariJoUBUeLéH&lléerJUUUUUUU
vuuvuuvuuvuuvuuvuuvuuvuuuuu HAd C mHA NH H C NNNNNGA d
Cl N NN O1 NuN_srﬂtNr@rte@ moeomen\lwmthNaN_tmdrtmcm [T Qup An HRE r-1 r-1 H.1
re ri Hg-| Hm'b'le'ciil@r](dr)ll}d—rﬂe 'i,a]t%rjef“st'i}rréner (¢€) r10]—30 lwgg loH rl r-1.m
VVIOVTIOroma~mv.a~ dv mmy a~ Vv a~ a- v ar a- v a-
ar v a v U C8CHYHoRLELLLe @ndcifr) 3= 1(9~Wé'-3 @f.arbuwtdqu;;eq:mqnor%e_r c~ r'
fc~ c~r :—IV\Y/\Uthlgl'h RNV AN RANAABN AN AN lxd;aatrﬂimr%kfﬁnOrl N
"1 VvV~ 111 10 ~1 ~, n 00 01 Orl Nf~1 V-1tfl ~0Onm
OL Ov-1 N M (E:B—exaF%’r]nlr?rr*?ﬁ‘aseéi1 Fesip | J“as 2 gLasg- %a”lsn”u‘fr}n InIn In u?
In u7 In | e weempewakmnrien ofe 0r-30°C.n n - 24 QA Or-lI

st Gl o e
| 3~ ~" O O O(D)0ago®e® Characteriged G0 thad Q0 Grol-hd Rarwkc-based
5 a0 APRBLRAM3MR? HANALER HRALOQA0O 00




000 cOoaawa,dt Q0 ~0 00 c 0c0c0c0O0OcO0Oc0Oc0000c0O0OO0O0OcOcO0O
c0cO0OcO0o00cOcw ro NUa0 ~U( U UGO0C0QoQo00000QOOM0000~HNA NN U N, ~
~ ~~~000G000~-000~~00000C O-LV N I'I' N bl H N~0000000000000000000000h! H , ~
.~ He-l1 HHH'i rar~HHr~Hr-1 v-dsi-WH H HOUW
~ulttlulululululltlul~l 1~f11f lulululululullflt~If2ltlulr iri Wd W-N UN UN UN
UN UN UN UN UN UN UN UN UN UN UN UN UN UN UN UN UN UN UN Woa
.0000000000000(30BCEEIEAO N Uy selected from among glycidyl,

aziridinyl, methylol and silanol in the molecule.
(3) An aqueous surface treatment agent according to
(1) or (2) above, characterized in that the aqueous
5 surface treatment agent contains a polyolefin wax
dispersion at no more than 35 wt% in terms of solid
weight.
(4) A surface-treated metal material characterized
in that it has 0.3-5.0 g/m® of an organic/inorganic
10 composite film comprising an acrylic-based resin and 5-35
wt% of colloidal silica in terms of solid weight on a
plated metal sheet, the acrylic-based resin being a
polymer obtained by polymerization reaction of, in terms
of solid weight, (a) 15-76 wt% of a (meth)acrylate
15 unsaturated monomer represented by the aforementioned
general formula (1), (b) 2-10 wt% of an a,f-ethylenic
unsaturated monomer with a carboxyl group in the
molecule, (c) 2-10 wt% of an «,f-ethylenic unsaturated
monomer with a hydroxyl group in the molecule, (d) 10-30
20 wt% of styrene, (e) 10-30 wt% of acrylonitrile and (f) 0-
10 wt% of an unsaturated monomer which is polymerizable
with these monomers, and the acrylic-based resin having a
glass transition temperature of 0-30°C.
(5) A surface-treated metal material according to
25 (4) above, characterized in that (f) in the acrylic-based
resin includes an unsaturated monomer having at least one
functional group selected from among glycidyl,
aziridinyl, methylol and silanol in the molecule.
(6) A surface-treated metal material according to
30 (4) or (5) above, characterized in that the aqueous
surface treatment agent contains a polyolefin wax
dispersion at no more than 35 wt% in terms of solid
weight.
(7) A process for production of a surface-treated
35 metal material, characterized by coating an agqueous
surface treatment agent according to any one of (1) to
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plated metal sheet at 0.3-5.0 g/m® in terms of dry solid
weight, and then drying it to form an organic/inorganic

composite film.

Best Mode for Carrving Out the Invention

The first aspect of the invention is that the
acrylic resin used as the base resin is a copolymer
obtained by copolymerization of several different

10 monomers having ethylenic double bonds, the copolymer
being obtained by polymerization of suitable amounts of
suitable types of monomers. The polymerization method
for the polymer used for the invention is not
particularly restricted, but methods of suspension

15 polymerization and emulsion polymerization are preferred.

As examples of such monomers there may be mentioned,
acrylic acid, methacrylic acid, maleic acid, maleic
anhydride, fumaric acid, crotonic acid, itaconic acid,
citraconic acid, cinnamic acid, 2-hydroxyethyl

20 (meth)acrylate, 2-hydroxypropyl (meth)acrylate, 3-
hydroxypropyl (meth)acrylate, 2-hydroxybutyl
(meth)acrylate, 3-hydroxybutyl (meth)acrylate, 4-
hydroxybutyl (meth)acrylate, 2-hydroxyethyl
(meth)allylether, 3-hydroxypropyl (meth)allylether, 4-

25 hydroxybutyl (meth)allylether, allyl alcohol, glycidyl
(meth)acrylate, 2-(1l-aziridinyl)ethyl acrylate,
vinyltrimethoxysilane, vinyltriethoxysilane,
allylglycidyl ether, iminolmethacrylate,
acryloylmorpholine, N-methylol (meth)acrylamide, N-

30 methoxymethyl (meth)acrylamide, N-ethoxymethyl
(meth)acrylamide, N-butoxymethyl (meth)acrylamide,
(meth)acrylamide, N-methyl (meth)acrylamide, N,N-dimethyl
(meth)acrylamide, N-dimethylaminopropyl (meth)acrylamide,
vinyl formate, vinyl acetate, vinyl butyrate, vinyl

35 acrylate, styrene, a-methylstyrene, t-butylstyrene,

vinyltoluene, (meth)acrylonitrile, cinnamyl nitrile,
(meth)acryloxyethyl phosphate, bis-(meth)acryloxyethyl
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hexyl (meth)acrylate and its isomers. The references to

3.0

"(meth)acryl", "(meth)acrylate", "(meth)allyl" and
"(meth)acryloxy" here signify "acryl" or "methacryl",
"acrylate" or "methacrylate", "allyl" or "methallyl" and
"acryloxy" or "methacryloxy", respectively, and any other
10 similar references have the same meaning.

It is necessary to use, as the acrylic-based resin,
a polymer obtained by polymerization reaction of, in
terms of solid weight, (a) 15-76 wt% of a (meth)acrylate
unsaturated monomer represented by the following general

15 formula (1):
Rl
H,C=C—COOR® (1)
20

where R' is hydrogen or methyl and R? is a linear or
branched alkyl of 1-8 carbons, (b) 2-10 wt% of an o,f-
ethylenic unsaturated monomer with a carboxyl group in
the molecule, (c¢) 2-10 wt% of an a,fB~ethylenic

25 unsaturated monomer with a hydroxyl group in the
molecule, (d) 10-30 wt% of styrene, (e) 10-30 wt% of
acrylonitrile and (f) 0-10 wt% of an unsaturated monomer
which is polymerizable with these monomers.

The (meth)acrylate unsaturated monomer (a) used for

30 the invention is represented by general formula (1)
above. As examples there may be mentioned methyl
(meth)acrylate, ethyl (meth)acrylate, n-propyl
(meth)acrylate and its isomers, n-butyl (meth)acrylate
and its isomers, n-pentyl (meth)acrylate and its isomers,

35 n-hexyl (meth)acrylate and its isomers, n-heptyl
(meth)acrylate and its isomers and n-octyl (meth)acrylate

and its isomers.
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5 unsaturated monomer (a) is less than 15 wt%, the
resulting polymer film lacks flexibility, cracks tend to
occur in the film during film formation, and sufficient

corrosion resistance cannot be obtained. On the other
hand, the content is preferably not greater than 76 wt%

10 because the solvent resistance of the formed film is
inferior.

As examples of the «,B-ethylenic unsaturated monomer

(b) with a carboxyl group in the molecule, to be used for
the invention, there may be mentioned acrylic acid,

15 methacrylic acid, maleic acid, maleic anhydride, fumaric
acid, crotonic acid, itaconic acid, citraconic acid and
cinnamic acid. The content of the unsaturated monomer
(b) is preferably 2-10 wt% and more preferably 2.5-8 wt%
with respect to 100 wt% of the total of the unsaturated

20 monomers (a) to (f) composing the acrylic-based resin.

At less than 2 wt% the adhesion of the film for steel
sheets is inferior, and at greater than 10 wt% the
corrosion resistance and water resistance of the film is
inferior.

25 As examples of the o,f-ethylenic unsaturated monomer

(c) with a hydroxyl group in the molecule, to be used for
the invention, there may be mentioned 2-hydroxyethyl
(meth)acrylate, 2-hydroxypropyl (meth)acrylate, 3-
hydroxypropyl (meth)acrylate, 2-hydroxybutyl

30 (meth)acrylate, 3-hydroxybutyl (meth)acrylate, 4-
hydroxybutyl (meth)acrylate, 2-hydroxyethyl
(meth)allylether, 3-hydroxypropyl (meth)allylether, 4-
hydroxybutyl (meth)allylether and allyl alcohol. The
content of the unsaturated monomer (c) is preferably 2-10

35 wt% and more preferably 2.5-8 wt% with respect to 100 wt%
of the total of the unsaturated monomers (a) to (f)
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the adhesion of the film for steel sheets is inferior,
and at greater than 10 wt% the corrosion resistance and
water resistance of the film is inferior.

5 The content of the styrene (d) used for the
invention is preferably 10-30 wt% and more preferably 12-
25 wt% with respect to 100 wt% of the total of the
unsaturated monomers (a) to (f) composing the acrylic-
based resin. At less than 10 wt% the scratch resistance

10 of the formed film is inferior, and at greater than 30
wt% the corrosion resistance after Erichsen drawing of
the film is inferior.

The content of the acrylonitrile (e) used for the
invention is preferably 10-30 wt% and more preferably 15-

15 28 wt% with respect to 100 wt% of the total of the
unsaturated monomers (a) to (f) composing the acrylic-
based resin. At less than 10 wt% the solvent resistance
of the formed film is inferior, and at greater than 30
wt% the water resistance and corrosion resistance of the

20 film is inferior.

The unsaturated monomer (f) is an unsaturated
monomer other than (a) to (e), which is copolymerizable
with monomers (a) to (e), and any one may be used for the
purpose of further enhancing the solvent resistance,

25 adhesion, scratch resistance, etc. of the formed film, so
long as the effect of the invention is not hindered.

As examples of the unsaturated monomer (f) there may
be mentioned amide group-containing unsaturated monomers
such as (meth)acrylamide, N-methyl (meth)acrylamide, N,N-

30 dimethyl (meth)acrylamide and N-dimethylaminopropyl
(meth)acrylamide; esterified unsaturated monomers such as
vinyl formate, vinyl acetate, vinyl butyrate and vinyl
acrylate; aromatic unsaturated monomers such as styrene,

o-methylstyrene, t-butylstyrene and vinyltoluene;

35 cyanated unsaturated monomers such as (meth)acrylonitrile
and cinnamyl nitrile; phosphate group-containing
unsaturated monomers such as (meth)acryloxyethyl
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(meth)acryloxyethylphenyl acid phosphate; and unsaturated
monomers with functional groups that can react with
hydroxyl and carboxyl groups, such as glycidyl

5 (meth)acrylatz, 2-(l-aziridinyl)ethyl acrylate,
vinyltrimethoxysilane, vinyltriethoxysilane,
allylglycidyl ether, iminol methacrylate,
acryloylmorpholine, N-methylol (meth)acrylamide, N-
methoxymethyl (meth)acrylamide, N-ethoxymethyl

10 (meth)acrylamide and N-butoxymethyl (meth)acrylamide.
Preferably, at least one among these is an unsaturated
monomer with a functional group that can react with
hydroxyl or carboxyl group, and more preferably, an
unsaturated monomer containing a glycidyl, aziridinyl,

15 methylol or silanol group. As examples of such compounds
there may be mentioned glycidyl (meth)acrylate, 2-(1-
aziridinyl)ethyl acrylate, vinyltrimethoxysilane,
vinyltriethoxysilane, allylglycidyl ether, iminol
methacrylate, acryloylmorpholine, N-methylol

20 (meth)acrylamide, N-methoxymethyl (meth)acrylamide, N-
ethoxymethyl (meth)acrylamide and N-butoxymethyl
(meth)acrylamide. The content of the unsaturated monomer
(£) preferably does not exceed 10 wt% with respect to 100
wt% of the total of the unsaturated monomers (a) to (f)

25 composing the acrylic-based resin, because the polymer
tends to increase in viscosity, the working life of the
aqueous surface treatment agent is shortened, a uniform
film cannot be formed, and the corrosion resistance is
impaired.

30 The glass transition temperature of the acrylic-
based resin used for the invention is preferably 0-30°C.
The glass transition temperature of the acrylic-based
resin is preferably not below 0°C because the blocking
resistance of the formed film is inferior. It is also

35 preferably not above 30°C because the film forming
property is reduced and the corrosion resistance after

Erichsen drawing is inferior.
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talculated based on the Tg of the

determined by the following formula.
1/Tg = W,/Tg, + W,/Tg, + ... + W, /Tqg,

Here, Tg is the glass transition temperature of the
polymer, Tg,, Tg,,...Tg, are the respective glass
transition temperatures of homopolymers of the monomer
components and w,, w,...w, represent the weight fractions
of each monomer, where w, + w, + ... w, = 1. The glass
transition temperatures of the homopolymers of each
monomer are determined according to JIS K 7121.

The content of the colloidal silica in the aqueous
surface treatment agent of the invention and the film of
the surface treated metal material is 5-35 wt% in terms
of solid weight. The content of colloidal silica is
preferably not less than 5 wt% because the corrosion
resistance of the film is inferior. It is also
preferably not greater than 35 wt% because the binder
effect of the resin is reduced, and the corrosion
resistance is lowered. The particle diameter and type of
the colloidal silica are not particularly restricted
according to the invention, and for example, the
commercially available products SNOWTEX O, C and N by
Nissan Chemical Industries, Ltd. and ADELITE AT-20N, A
and Q by Asahi Denka Kogyo K.K. may be used.

For enhancement of the scratch resistance of the
surface-treated metal material according to the
invention, a polyolefin wax dispersion may also be added
to the aqueous surface treatment agent and
organic/inorganic composite film.

As polyolefin wax dispersions there may be used
dispersions of polyethylene wax, polypropylene wax or
polybutylene wax, or their modified polyolefin waxes
obtained by addition of polar groups to these waxes, in

Url
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water or aqueous solutions with an emulsifier
concentration of no greater than 5% and preferably with
no emulsifier. The polar groups may be introduced by
oxidizing treatment of the polyolefin wax with an
oxidizing agent such as oxygen, ozone or nitric acid, in
the presence of a catalyst (to obtain an oxidized
polyolefin wax), or they may be introduced by dissolving
an ethylenic unsaturated carboxylic acid monomer such as
acrylic acid, methacrylic acid, crotonic acid, maleic
acid, fumaric acid or itaconic acid in benzole or the
like together with the polyolefin wax, and heating the
solution in a nitrogen stream together with a
polymerization initiator (peroxide, redox, heavy metal
catalyst, etc.), for grafting.

The weight-average particle size of the polyolefin

wax dispersion is preferably 0.1-5.0 pum, and more
preferably 1.0-4.0 um. The weight-average particle size

is preferably not less than 0.1 um because the particles

tend to aggregate, thus impairing the stability. The
weight-average particle size is also preferably not
greater than 5.0 um because the particle dispersion
stability is impaired. The ratio of the weight-average
particle size and the number-average particle size is
preferably in a range such that (weight-average particle
size/number-average particle size) < 3.

The polyolefin wax dispersion is preferably included
in the aqueous surface treatment agent and
crganic/inorganic composite film at no greater than 35
wt% in terms of solid weight. This is because at greater
than 35 wt%, the coating adhesion is inferior.

According to the invention, the organic/inorganic
composite film is formed on a metal sheet at a coverage
of 0.3-5.0 g/m?® in terms of solid weight. At less than
0.3 g/m®, the scratch resistance of the film is inferior,
and its corrosion resistance after Erichsen drawing is
unsatisfactory. On the other hand, at greater than 5.0
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invention may also contain a surfactant known as a

wetting enhancer to obtain a uniform film on the coating

5 surface, thickening agent, a conductive substance for
enhanced weldability, a coloring pigment and a
delustering agent for enhanced decoration, a solvent for
improved film formability, and the like, so long as the
effect of the invention is not hindered.

10 Plated metal sheet substrate which may be used for
the invention include zinc-based electroplated, hot-dip
plated and evaporation plated steel sheets, such as zinc-
plated metal sheets, zinc-nickel plated metal sheets,
zinc-iron plated metal sheets, zinc-chromium plated metal

15 sheets, zinc-aluminum plated metal sheets, zinc-titanium
plated metal sheets, zinc-magnesium plated metal sheets
and zinc-manganese plated metal sheets, and aluminum- or
aluminum alloy-plated metal sheets, lead- or lead alloy-
plated metal sheets, tin- or tin alloy-plated metal

20 sheets, as well as those having such a plated layer
containing small amounts of cobalt, molybdenum, tungsten,
nickel, titanium, chromium, aluminum, manganese, iron,
magnesium, lead, antimony, tin, copper, cadmium, arsenic
or the like as dissimilar metal elements or impurities,

25 and/or having dispersed therein inorganic substances such
as silica, alumina or titania. 1In addition, other types
of platings than those mentioned above, such as iron
platings, iron-phosphorus platings and the like, may be
combined therewith for composite layer-plated metal

30 sheets.

The aqueous surface treatment agent of the invention
may be directly coated onto the plated metal sheet, but
in order to achieve a sufficient effect according to the
invention, preferably a substrate film is first formed by

35 chromate treatment or non-chromate treatment by an
ordinary process, and then the aqueous surface treatment

agent of the invention is coated thereover to form a
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5 is formed by electrolysis, reactive chromate treatment
whereby reaction with a stock material is used to form a
film and then the excess treatment solution is rinsed
off, or application chromate treatment whereby the
treatment solution is applied onto the material to be

10 coated and then dried without water washing to form a
film,

If non-chromate treatment is employed, then
according to the invention it may be any treatment such
as electrolytic non-chromate treatment whereby a non-

15 chromate film is formed by electrolysis, reactive non-
chromate treatment whereby reaction with a stock material
is used to form a film and then the excess treatment
solution is rinsed off, or application non-chromate
treatment whereby the treatment solution is applied onto

20 the material to be coated and then dried without water
washing to form a film.

Applying the aqueous surface treatment agent of the
invention onto a plated metal sheet substrate treated by
the aforementioned chromate treatment and drying it at a

25 peak metal temperature of 60-200°C forms an
organic/inorganic composite film. The application method
employed may be a common method such as roll coating,

immersion or electrostatic spray coating.

30 Examples
The present invention will now be explained in

greater detail by way of production examples, working
examples and comparative examples. The examples are
intended to serve as illustration of the invention and
35 are not meant to restrict the invention in any way.
(1) Metal sheets
The metal sheets used are listed in Table 1.
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.corrosion resistance of flat test pieces,1% solvent resistance, top
coatability and weldability, but also excellent corrosion resistance after
Eri chsen drawi ng and scratch resistance. Industrial Applicability 10 Since
the surface-treated netal sheets of the invention exhibit not only
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CLAI M5 1. An aqueous surface treatnent agent characterized by conprising an
acrylic-based E?akn wat er agd 5-35 ¥@-of colloidal silica in terns of
solid 5 ei ght 2 WREPEFRSSAPA AEFITFE based resin is a pol ymer obtained by
pol yneri zati on reaBacbnmetali aheetnwaef ssbliedtedi ght degapassngé w ~ of a
(met h) acryl at a 0 s . .ow
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is a linear ofins Bi8ABREJ4aBRyKreglistaredr bsademabk 2X1¥1iReR of an

a, (3et hyl eni cpyprat ik ahgdcapnoned . Wi, t hspeearhexyhygr eue methhe sheleecul e,

(c) 2-10 vt~ of an a, ~i -eth [ ni ¢ unsat urated nnnonenﬁ£|th a hydraxyl group

I
in the Hbl ecuVds FHF2EBI36° BENUEGReRY, SPERY1HIZH LN - 2odeggeasing
aclryl oni trib: anqsd‘ﬁ(ébneeﬂxerwtioﬁf oanzgnaﬁuua@t adtmpe&a:tpwbib@rf 5$)°c,_ ]
pol ymeri zable_with these npnoners, _an rein,the _acrylic-based.resin has
a gl ass trans?f%%ﬁ Y ﬁﬁgrg?uwgso?b5§§OE?S§?SAHl%Eu&SBs%gﬁ?Faggrtégatnent
agent accordi sgcond25 claim 1, characterized in that (f) in said
acrylic-based(§§sgg gggggge§a D upsatypahed nononer having at |east one
functional group se?ecte from anong ycidyl, aziridinyl, nethylol and
silanoll3 n the nol é8ll Beagtiyg ﬁﬁﬁ@@égesEF?&&@ePFeéﬂﬁﬁﬁt 848/ttSac&Srding to
30 claim1 orzR, eharacterized in that the aqueous surface treatnent agent
contains a polyolefiLn di sp ion_at no re than 35 wt~ i.n terns of
solid weight. 4. A %ﬁ?¥§§E9W?eg%Zd?ﬁﬁgéﬁtﬁﬁf rgﬁﬁggﬁﬁfchgrpiggq n that it
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acrylic-based S| d.p: =~ f i.d i Ll ibn ter f j d
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(a) 15-76 wt4p§iAq(PBt BABLiyhakeaunanbybatadeAONORRE kaRLRIeRheSmAYid he
foll owi ng general fornula él): ? Rl HZC=C-COORZ (1) 10 whére Rl is hydrogen
or methyl and®®2e¥39% Yffhedl BF/Branched al kyl of 1-8 carbons, (b) 2-10 wt~
of an a, (3et hyl eni cbunsppliekellonoohpenavet bhamiaahoxykagment i(meitd
nol ecul e, (C)S@é&Q W ofzﬁn §I§3-ethylenic unsat urated nononer with a
hydr oxyl group Th TheZ9s A1 edh e, (d) 10-30 wt~ of styrene, (e) 10-30 wt $
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acrylic-based; figshat 8Ly USESaRNaERNS8pHERECdRBRRHBLrBAVIENG Rl Cl €3t 19ne
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silanol in th%e%%mﬁ%uVéFhQBt6Wa¢§§uWF§EénBrgatéébﬁéFéFenﬁtéﬁmﬁleaccording
to claiym 4 orsiee€hararéepearinmébal hdbnpBeadgreoysrsuhbate chiarineRiasagent
contains a poiégl fin %ax dlsger5|on at _no nore than 35 w, ~ |n/terns of
solid weight. %9 % p?BdeSiet bR BPEAGREPBAUB: CQVERPEECHSr &8t 89/30° et al
materi al, characte(¢yeHléytroaytng ahranaceusrsathect i meibdestheagsnt
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surface-prepared plated netal sheet at 0.3-5.0 g/n2 in terns of dry solid
wei ght, and then drying it to forman organic/inorganic 35 conposite film
Al . AY. AF. AF. A3. AF. AF2. Al . AY. AF. AF. AF. A3. AF2. AyFY. A3
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aUc ajJc

caV] ca] ca] cal] ca] calU] ca] cal] ca] cal] ca] caU] calU] ¢ a] ca] cal] cal] c
aUc aJc aUc aJc aUc alJc aUc a]c

_aADz% 069>AQS| wgl fa[ V{vgl fa\U ]Jc aU c alciaUlc ajc aUc aJc aUc alJc
aJjcalUlc aJcaljc aUc aJc aUc aJc aUc aJc aUc alJc aUc alJc aUc alJc allc
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aUc ajJc
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ajc aUc alJc aSY[~), 04B{upje_ZT{vglfal\Uc alJc aUc alJc aUc a]c
aU]cEéa,cZéU](GIa)]c alU] c a]c aU]c alc aUc alJc aUc a]c alUc a]c
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of chromic acid and 0.3 g/l of sulfuric acid, for

electrolytic chromate treatment of the metal sheet, and

after water washing, drying was performed for 8 seconds

at an atmosphere temperature of 200°C to fabricate a

sample sheet. The peak metal temperature for the

treatment was 80°C, and the target chromium coverage was

40 mg/m?.

(4) Preparation of aqueous surface treatment agents

The (a) (meth)acrylate unsaturated monomers, (b)

a,f-ethylenic unsaturated monomers with a carboxyl group

in the molecule, (c) o,B-ethylenic unsaturated monomers

with a hydroxyl group in the molecule, (d) styrene, (e)
acrylonitrile and (f) unsaturated monomer polymerizable
with these monomers, having the abbreviations shown in
Table 2, were used in the proportions shown in Table 3 to
obtain polymers Al to A37 shown in Table 3. The value in
parentheses following the name of each of the monomers in
Table 2 represents the glass transition temperature (Tg)
in °C of the homopolymer of that monomer component, and
the Tg values at the right of Table 3 are the glass
transition temperatures of each of the polymers.

Aqueous dispersions of the polymer of Table 3 and
the colloidal silica and polyolefin wax dispersions of
Tables 4 and 5, respectively, were mixed at room
temperature in the proportions shown in Tables 7 to 12
using a propeller stirrer, and distilled water was added
to adjust the solid concentrations. The solid
compositions of the films shown in Tables 7 to 12 are
based on 100 wt% as the total of the polymer, silica and
wax, and the silica and wax amounts in the tables are
represented as weight percentages.
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‘al]caU)c aJcalc aUc aJcaUc a]Jc a

-12{~{vqgl gb] X] U] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]c
~a]ca]ca]calUlcal]ca]calc aJcaUc aJc aJca}cl7 -
a] ca! 3XzZhi wx8?y{qgs}wlga\Vigh] X W]c alJc aV]c alJc aUc aJc aUc aJc aUc

aljcaljc aUc alJc aUc alJc aUc alJc a]Jcalc al

c

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca &aklEBE=}w | ga\Viga\Vigb]X]UUJc a]c

aUc aJc gUc alc alUlc alc allc alcalc allc aJc aUc aJc aUlc alc aUc alc
aU c a]c auyereaic aﬁﬂ]”tevai'c aU] c alemay c a] c| 24
a=G LOpt zvAggfhits optrE i el X-gal-igbx
ajc aUc g]calc alJc aJcalc t‘,ﬁ Xaa]c aU]c
al]c aljc g]c alc [a]caAU]T ﬁibﬁtﬁ’rffetﬁa’dﬂriaitblpk [ dguJa\ Viihy X methaceiGealYL65)aA]
ajcalc (20)
{b) AA acrylic acid (106) MARA methacrylic acid (130)
(c) 2HEMA 2-hydroxyethyl 2HEA 2-hydroxyethyl acrylate
methacrylate (55) (-15)
HPMA hydroxypropyl
methacrylata (26)
{d) St styraene {(100)
(e) AN acrylonitrile (100)
(£) GMA glycidyl methacrylate N-MAAm N-methylolacrylamide
(41) (75)
{
5 Table 3
Monomer types and their proportions in polymers
No. (a) (b) ) (d) (a) (£) Tg
Typa| Wt% | Type Wt% |Total| Type | Wt% | Type | Wt% | Type | Wt% | Type | Wt% | Type | Wt%
Al | Ba 25 BMA 30 55 AA 5 2HEMA| 5 St 10 AN 25 = = 22
A2 | BA 30 BMA, 15 45 AA 2.5 |2HEMA| 2.5 St 25 AN 25 - ~ 24
A3 | BA 45 = 0 45 MAA | 2.5 |2HEMA| 2.5 St 25 AN 25 = - 10
A4 | BA 49 - 0 49 AR 3 2HEMA| 3 St 20 AN 25 - - 3.7
A5 |2EHA| 25 BMA 22 47 MAA 3 HPMA 5 St 20 AN 25 - = 10
A6 |2EHA| 25 BMA, 22 47 MAA 4 2HEA 4 St 20 AN 25 - = 9.4
A7 BA 45 - 0 45 AA 5 2HEMA| 5§ St 20 AN 25 - = 9.0
A8 [ BA 58 - 0 58 AA 5 2HEMA| 5 St 7 AN 25 - - -9.2
A9 | BA 38 BMA 35 73 AA 5 2HEMA| 2 St 10 AN 10.0 = - 0
Al0 | BAa 20 BMA 31 51 AA ] 2HEMA| 5 St 14 AN 25.0 - - 30
All | Ba 20 BMA 20 40 AL 5 2HEMA| 5 St 25 AN 25 - - 37
Al2 | Ba 45 - - 45 ~ - 2HEMA| 5 St 25 AN 25 - - 8.9
Al3 | BA 45 - Q 45 AA 2 Z2HEMA 5 St 23 AN 25 - - 8.9
Al4 | BA 45 - 0 45 AR 10 [2HEMA| § St 15 AN 25 - - 9.2
Al5 | BA 45 - - 45 AA 15 |2HEMA| 5 St 10 AN 25 - - 9.4
Al6 | BA 38 BMA 22 60 AA 5 - ~ St 20 AN 15 - = 8.2
Al7 | BA 36 BMA 22 58 AR ) 2HEMA| 2 St 20 AN 15 - - 11
Al8 | BA 28 BMA 22 50 AA 5 2HEMA| 10 st 20 AN 15 - - 21
Al9 | BA 23 BMA 22 45 AA 5 2HEMA| 15 St 20 AN 15 - - 27
A20 | Ba 30 BMA 40 70 AR 5 2HEMA| 5 - - AN 20 - - 8.2
A21 | BA 30 BMA 30 60 AR 5 2HEMA| 5 St 10 AN 20 - - 14
A22 | BA 30 BMA 10 40 AA 5 2HEMA! 5 St 30 AN 20 - - 27
A23 | BA 30 BMA 5 35 AA 5 2HEMA| § St 35 AN 20 - - 30
A24 | BA 50 BMA 20 70 AR 5 2HEMA| 5 St 20 - - - - -8.9
A25 | BA 40 BMA 20 60 DA 5 2HEMA| 5 St 20 AN 10 = - 5.0
A26 | BA 40 - 0 40 AA 5 2HEMA| 5 St 20 AN 30 - ~ 17
A27 | BA 35 - - 35 AA 5 2HEMA 5 St 20 AN 35 - ~ 25
A28 | BA 40 BMA 6 46 AA 5 J2HEMA! 5 St 20 AN 20 |NMAAm| 4 12
A29 | BA 34 BMA 6 40 AR 5 |2HEMA| 5 St 20 AN 20 |NMAAm| 10 21
A30 | BA 29 BMA 6 35 AR 5 2HEMA| 5 St 20 AN 20 |NMAAm| 15 28
AJl | BA 42 BMA 5 47 MAA | 2.5 |2HEMA| 2.5 St 20 AN 25 GMA 3 7.7
A32 | BA 35 BMA 5 40 MAA | 2.5 |2HEMA| 2.5 St 20 AN 25 GMA 10 9.1
A33| BA 30 BMA 5 35 MAA | 2.5 |2HEMA| 2.5 St 20 AN 25 GMA 15 10.1
A34 |2EHA| 10 - - 10 AA 10 2HEA | 10 St 30 AN 30 GMA 10 37
A35 [2EHA| 15 - 0 15 AA 10 2HEA | 10 St 30 AN 25 GMA 10 25
A36 | BA 40 MMA 36 76 MAA 2 2HEMA| 2 St 10 AN 10 - ~ 19
A37 | BA 40 MMA 40 80 MAA 2 2HEMA 2 St 10 AN 6 - ~ 19




aUc alJc aUc aJc aUc ajc aUc ajc aUc aJc aUc aJc aUc aJc aUc a]c
aUc aJc aUc aJc aUc alJc aUc alc aUc a!"01WKi prx{kl Z }~Y\"}w nhc] XSl g] ¢
aJjcalUca]c aJcalJc alJc aUc aJcaljc aUc aJcalc aUc aJc aUc aJjc aUc a]Jc
~aUjc alJcalJcaUc aUc aJcalc aUc a]Jc allcig]le aUc ajc a
-.1267=>7?BCrsBCwlga\Vhc] XSl glc Uc alJc aUc alJc aUc aJc aUc aJc aUc
ajc aUc aJcalc aUc alJcaUca]ca]lc aUc a]cal ca] calca]caUca]ca]c aUc
.alcalc aUc aclm$|wgl fa\Vhc] XSl glc U Fadllealdc alUjc aljc alUc a]Jc alUc a]c
aUc aJcaUcalc aUc aJc alUc aJc alc aJc aljcalc aUc aJc alc aJc al]c
alc aUc alJc albe a]c | Type

Bl ADELITE AT-20N, Asahi Denka Kogyo K.K.
B2 SNOWTEX N, Nissan Chemical Industries Co.,
Ltd.

Table 5

No. Type

Cl Polyethylene wax dispersion, particle size 3.0 um
c2 Polyethylene wax dispersion, particle size 1.0 um
C3 Polyethylene wax dispersion, particle size 0.6 um

10 (5) Method of application of aqueous surface treatment
agents onto sample sheets
The respective aqueous surface treatment agents
prepared as described above were applied onto the
aforementioned sample sheets using a bar coater, and
15 drying was performed for 12 seconds at an atmosphere
temperature of 280°C. The peak metal temperature for
this treatment was 130°C, and the target coverage was 1.0
g/m?*. The coverage was adjusted by appropriately
changing the solid concentration of the treatment agent
20 and the type of bar coater.
(6) Surface-treated metal sheet performance test
(a) Corrosion resistance of flat test pieces
Following the salt spray test method described by
JIS 2 2371, the surface-treated metal sheet sample was
25 sprayed with a 5% NaCl aqueous solution at an atmosphere
temperature of 35°C, and the white rust generation was
measured after 72 hours. Samples assigned ©® or O on the
following evaluation scale were judged as satisfactory.
The results are shown in Tables 7 to 12.
30 <Evaluation scale>
©: White rust area of <5% of total area

O: White rust area of =5% and <10% of total area
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(b) Corrosion resistance after Erichsen drawing
The surface-treated metal sheet sample was subjected
5 to 6 mm Erichsen drawing and then, following the salt
spray test method described by JIS 22371, the surface-
treated metal sheet sample was sprayed with a 5% NacCl
aqueous solution at an atmosphere temperature of 35°C,
and the white rust generation at the drawn section was
10 measured after 48 hours. Samples assigned © or O on the
following evaluation scale were judged as satisfactory.
The results are shown in Tables 7 to 12.
<Evaluation scale>

©: White rust area of <5% of drawn section area

15 O: White rust area of =5% and <10% of drawn section area

/A: White rust area of =210% and <30% of drawn section
area
X: White rust area of =230% of drawn section area

(c) Solvent resistance

20 The surface of the surface-treated metal sheet
sample was rubbed for 10 full passes, using gauze soaked
with a solvent (ethanol or MEK), under a 500 g weight.
The appearance was observed after the rubbing, and
samples assigned ® or O on the following evaluation

25 scale were judged as satisfactory. The results are shown
in Tables 7 to 12.
<Evaluation scale>
©@: Film swelling area of <30% of total rubbed area
O: Film swelling area of 230% of total rubbed area

30 As: Film dissolved area of <30% of total rubbed area
X: Film dissolved area of =30% of total rubbed area

(d) Coating adhesion
The surface-treated metal sheet sample was coated
with a melamine alkyd resin paint (Amilack #1000, product
35 of Kansai Paint Co., Ltd.) to a dry film thickness of 25
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alc alc ajc a%t immersed were both subjected to 7 mm Erichsen
5 drawing, and adhesive tape (CELLOTAPE, product name of
Nichiban Co.) was attached to the Erichsen drawn section
of the sample. The adhesive tape was rapidly pulled at a
45° slant and the appearance of the Erichsen drawn
section was visually observed. Samples assigned @ or O
10 on the following evaluation scale were judged as
satisfactory. The results are shown in Tables 7 to 12.
‘ <Evaluation scale>
©: No peeling
Peeling area of <5%

O
15 A: Peeling area of =5% and <50%
X

Peeling area of =250%
(e) Press galling resistance
The surface-treated metal sheet sample was subjected
to a test of rectangular drawing. The conditions for the
20 rectangular drawing test were a blank folder force of 6
tons and a sample (0.8 x 220 x 180 mm) formed to 65 x 115
mm and a height of 50 mm, and the sliding surface was
visually evaluated after forming. Samples assigned © or
( O on the following evaluation scale were judged as
25 satisfactory. The results are shown in Tables 7 to 12.
©: No defect due to galling
O: Defects and sliding scratches on <50% of sliding
section area

A: Defects and sliding scratches on =50% of sliding

30 section area
X': Exposure of metal substrate, galling
(£) Weldability
The surface-treated metal sheet sample was subjected
to a continuous spot welding test under the conditions
35 shown in Table 6, and the number of welding points which
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Table 6 Welding conditions

Parameter Conditions
Welding current 8500 A
Electrification time 10 cycles (at 50 Hz)
Electrode diameter 4.5 mm
Electrode force 200 kgf
5
Samples assigned © or O on the following evaluation
scale were judged as satisfactory. The results are shown
in Tables 7 to 12.
‘ ©: Welding points: = 5000
10 : Welding points: = 2500, < 5000

®
A: Welding points: = 1000, < 2500
X: Welding points: < 1000
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