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SHEET EXCELLENT I N CORROSI ON RESI STANCE AND COLOR TONE 5 BACKGROUNDYOF THE

| NVE \ of the Invention This invention relates to a zinc

phosgmwmmmmmmmuﬁmsalvanized steel sheet, having excellent corrosion

resistancgwﬁgg col or tone, that can be used for 10 applications such as
ect

househol d e ric appliances, building matled al s, autonobiles and so
forth. 2. Description of the Related Art Zinc phosphate-treated steel

she n aut [ Q [l i S bui | di ng
S5 TR - 2ch286, pEdenbinotRtoal £a0G 08, LateecsgBdo 0ty L
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as corrosion resistance and coating performance. However, the use of the
chromate-treated steel sheets, in particular, has 20 been prevented in
recent years, to prevent possible environnental pollution, because it may
contai n hexaval ent cheRLROVNENSE thes denEndssoan zi nc phosphate treat nents
have i ncreased. Wen_the zinf phosphate treatnent is used 25 al one,

however, resistance to whit® ?Lﬁg)éhﬁi%Q¥ﬁ%ﬁ¥Wke to non-uni f orm dew
condensation are entirel yrThisuidvanteiin mrichtes itesiangihceghtephate- a
hexaval ent chrom nt ak ni ) tjon called " lLing chronmate
treatment”, "segfggéggrég?g%ﬁ?zggﬁ%%%%%t 'H?ggvﬁgﬁtg?cﬁggeﬂgen general ly
carried out. Froprrheiaspeesisfarndwigmhmmiad toneserhati oap bheneédrigrt he
zi nc phosphat e BpBILERRLohS %éﬁ”éi%édsé}%lcﬁléflfe'&'rﬁ@ta g@qahgssdeve' opment
of a nethod capable of |nprovqng the white rust reS|staﬁ € and t he

non- uni f or m dewP35 LledRdehabeT bRl e R AR L et @nskeiSRy IPEER - of any
environnental problem, hasebeeiptfsh red. the WHifade® Witt € appearance is
required in nost - 2 cgses for the zinc phosphate-treated_gal vani zed
steel sheets. If the colo lP%n%h?ﬁpgﬁF?ﬁﬁﬁﬁigﬂéifq%%insﬁfe érégﬁhgﬁewhﬁte
coating is appl eettomphe lesl ohot peieo b teekecuzitd rprideoces dadkpuiddinand t he

conmer Ci al s val Ug,3edh QRS- hd Qe COPEN VR iKY ddli et RTPRINgMpal@paResepFat ent No.
2,770,860, for exanple, describes a treatnment nmethod using a formation

treating sol uti BROEBRBAENFRGE VAT bn<CHRIMNP itdRe tmendpéddt peganic
concentrations. cSafgagt hirsateet bodimsrdbasefhaaidiee puen ae ebrtbeiseal i ng
chromate treatnment, however, .the corrosiiﬁ resi stance i s not Eufficiegt.
Japanese Unexanf R8dSPASHRt *BAbT PRt TOrP KA WMo, FOHSHEE 1 abBEr HBRSO
phosphat e treat mbet chebhetept oea tédgs test edleatimetith@airtg chilgh, whas eness
and 15 exggllenbebh 9R6810BaYn Usbdh QUSRI 110N JreRLTERLoSObULT On
containing Ni ions a My 1ons I n speclflic concentrations. zccor Ing to
this method, hoREYeronfmRatadr PRkl vhielsi RGN YFaMaVe FOATRYMhi t e rust
resi stance, andhekevaaentntheonideyw addens aiénhdseins tzanee pabephate 20

suf ficient and i e nd._ | pformty are not sufficient, either.
Japanese Unexan&%ggwgg g%tﬁE&%I?%% ?%%%aZKokai) No. 1-312081 and No.
3-107469 disclose a zi nc phanethat 2ERC SPRRIPIMNA g ey MeE¢oAsalArAg

phosphat e26i | m TR@COMLRE AR, I 88k 550866 25 RAtd Gs ldhdiekeskHRte

resi stance, and_.the non-uniform dew condensation resistance are not
sufficient in tﬁFSHHEFHS&.O?ﬂog%W ?ﬂ?@e?ﬁﬁ?ﬁﬁprﬁ%ﬁﬂgﬂiiqﬁ h whiteness, this
met hod i s not suffiucifertiehtomahticaaspesingftrrdtiem tin @f helxavedkot tone.
W00/ 73535 descr. : i . at 0, t { " hate film
contai ning My aﬁggﬁ?lgﬁéﬁﬁﬁfgﬁﬁéﬁgtﬁé?%%%?a% |s(g§ce]ﬁ%%§ %ﬁggggecorrosion
resi stance (redShyematesitseatbeptind ' esating pasoiadncer Weestdi rected to

obtai n ungfor m whids@ m@pRegr aneenan X6ELAENY odMdiend Wsit.r esirdiange and

non- uni form dew 35 condensati,on resjstance, however, this t hod.i s _not
entirely satisféf%ﬁ?ﬁ:C%Uﬁﬁﬁﬁyoaﬁe?kﬁilRﬁ@iﬁf%%?aogl:fheﬁﬁﬁgaenvgﬁfiﬁﬁn%ins
at providi ng a zhesphlresphaeetmeatedsgatvant tallwtrew] sifddicitenat, sofives t he
probl em describ a , n equl t gﬁigi G QB at nent ,
can secure suffﬁ%*%E%M%&P ggﬁﬁsgkrésﬁg%gﬁgeggpan ﬁgﬂfh |for#§dg&§
condensat i on rediisittendalsthaeshs§RNGAI 8BActRe afReR 1w 5% 199t in col or tone.

The present i nveiIchd@venexagisedntbe hngl vence pfedimlargonponents ot her
than Zn in the zinc hosphate%%ﬁg&ed f In1forne€?§$ t he gal vani zed st eel

sheet, and 10 h&N FREY R4t §Rr ¢ B3P URESP ¢ ‘e, non-uni f orm dew
condensati on resistance, whiuhéfiess ahdteobppednmecainid aragquiyecdannbaost

i nproved when a relatively |large amount of My is contained, but this neans
is not sufficient when it is alone used. When suitable anounts of N, Co
and 15 Cu, that are electrochemcally nore noble than Zn, are allowed to
preci pitate beside My, these elenents operate as the nuclei with the result
that a conpact~and uniformfilmcan be fornmed, and the object of the
present invention can be achieved. 20 The gist of the present invention

. o, o . r "




The gal vani zed steel sheet used in the present invention is not
particularly limted, and both pure zinc plating and alloy plating can be
used. The plating neans 30 is not particularly limted, either, and

el ectroplating, hot-dip plating, vacuum deposition, and so forth, can be
enpl oyed. In the zinc phosphate filmfornmed2on the gal vani zed plating, My
and an el enent selected fromthe group 35 consisting of Ni, Co and Cu nust
essentially co-exist as netal conpon ents other than zi The anount of My
Te ot | cast 95 AAFThE HaUR UPeaPOBRR CBnE R Pt of B AHEARS Seeely

sel ected fromt heheptoup dongibst icedoaf thne &6 anduxﬁhilemgsimj)ef:flmorms).d&MO 1%
When t he anount i t hes ne I pective
lower limts, t h@{ vﬁl‘%ﬁe&egreug%%rtgm s'?%n%gg? 8f hgﬁ%oﬁéhﬁﬁef%%n% zbgfvge?
condensat i on reste3 ke hgcenes: earknated  afddubhe oPegrokak Healas or tone
drops. Wen co-pgesent, these elenments forma conpact and uniformwhite
skin filmhaving less pits. The upper lLimt o | east one ki nd of

el enents sel ected from t hé YroRs g"gﬁ&‘i §¥‘ilﬁgp’6?bﬁf‘m COPRMMPTR H&erg S to
1% because t he cd)Dro t&4te lfexzommaek dadcnnbéor ani tzyemtfméxhe mmimfd t one
drops when the i I 1 h | ue of
the zinc phosphgﬁﬂ Iaﬁ1)&::os Oglazctrlé%‘g‘eﬁa/ rgrglﬁﬁ\ﬁén cf/éhe a:lm)u r‘Bloélg“e’s t han
this value, 15 t&rd g tionsin sescsfafceonndnthet hems uni Jiorge déws

condensat ij@n re&h@tmeléﬂ%@eﬂ& ZindCpPBRgpBabe tNPes&al \t?gtl@fe%nﬁt%e'
sheet according to the mven&}l on does,not require a sealing

chromat e treat mente3fH wﬁ"ﬁé rpfy §pﬁ8¥§°§b°’9r’é%?h%?ﬁnc% IediGthg

treat ment not cosntﬂfmzrtgv&:r iJ% padiesieaUhy xatlyaad apeoerst frulsi idwe iagpect  of
corrosion resi st &gal % |§_ 58%6%%*2393)519 Tge ﬂ’%ﬁh phos eahtt‘?uf' | mof the
i nvention can be or med uctln an-ordi nar S s 25
sprayi ng or di ppheighedh mp\tirdilnmaray SZleﬁé ph@ephh@elm e@mfngvfuatwetﬁcﬁntaahdm ng

phosphori gsacid éﬁ@ué& NS e shiohl by a8k gl @nNBoARsk {1 ddasdit addi ng
ions of My, N, etc, i,n the form of nltrates to, the trea,tlng bat h.

30 Exanpl es and %bjrf'b ddtlwtéé&tﬁlgeglﬁﬁﬁﬁl aRd Mg LN BhriRfStie Exanpl e
1: A titani um cotdmeehtreel qrse- tmeabm'ellihgvms appd;neeltlt@d,a htdvay zithe
pl ated steel sheg in Jer,. he
steel sheet was t ien trlgeéstz% %teép S???Bma‘p%’é%gte treat neirssflit am-g
contai ning 3.5 ¢#nd gfhegmaromnifergy geyr CF?@ PBASt &oE %W%Ltﬂjthvlaﬁ%ﬁ@t was
?ashng;/(m tzt(ol wat egu ik V@se then el g@tltSaﬁplsegnd 1?]5 urdf £ SMRay Qiﬂée\)éQOEf(anm e
an anpl es Wer.e pr.epare chan the. s ti anmpl e 4:
After the ti tam%‘llﬁo%lo(fjt%ttd Fﬁz‘gg‘eﬁre ?’%‘8&9%@%&3& a’%“é%é)agae*tfrtn% a steel
sheet in the sankubicatsiatesdikidked Jabove 1ERAAPS esard tNp 3,3l PJHdephat e
treatnment bath coni&sddg 4 ig{cl quat%'a 5@B81 4Re8f In&)idl 4:pnfyand 1 g/ 1 of

Ni ions was applied by spraying.to steel sheet. Then, the st eel sheet
was washed with GRF &t 1HHP v%‘;osd’rhlaé?ﬁ fé fo p?Bﬁa?%r’éo%%ﬁ‘ﬁ)l%eso?StBPéﬁ?pl e 4.
Exanpl e 5:25Afterpaheldu1mwmm&1el alud tt ypeiptente caamenthevasorapliifednt 0 a

steel sheet int d A b osphate
treatment bath 1 a| ni ngai% %%% Fp'%n ?o%gg %@@ﬁ@é}%& gir{lsz%ahgL

g/1 of Nl ions vmettaqﬂ)t i ét:h%wtspt-haw g thedt ﬁéogt@e$ Rigletwhitrness, hé:hgtSeel
sheet was wshedmé\ttt&uveé,qtota%mel%ee@rbﬁ PhEPAS Sedt S@mtremrn@@mfe 5.
Exanpl e 6: 20 After thla%sltanlumc 38 gyg gretreatment v%s z%;) ied to
a steel sheet intBhefQ dd” 4BBVEIRSANDI B RiGued stee
phosphat e 30r eat nehneet:)atttatr;dwtsamlm@sghgftt 6fi l@inconhaindg gidl aofd Mg. icons and
0.5 o/ 1 of Co i ops PesuaPRAtdY o5 A BecLOILRE 5 eelo 30 Shislon Then, the
steel sheet was vvas W t ter and gl’l ed prepare a sarrprt e of
Exanpl e 6. Exar‘rpl-’%Sl?St#!(f‘t%r(Jt% rtqst"aﬁ"eﬁﬁﬂsééPFél)dat“}p%O?ﬁ’élﬁ Rt iRanggs

applied to a steghesh&btedtd i wtel\ﬂayanasoﬁlﬁwhtbeda@@em Bxanpl es 1
to 3, a phosphate tr trrent bath Sntal ni Zn_ipo

/1 of My
ions and 0.5 g/ 1°¥FEhER o ik & r(?&lﬁ){iggﬁ?aﬁpﬂgn?r& e P%]t"eeqe"gheet
Then, the ¥t eel shm@én%msﬂmismamlma/t/aheweaad wabigrmetthdd iwepare a
sarrple of Exanpl g ﬁy r@tltanl um colloid type pre-treatnent
was applied to a rmJFte n- aI | oy plated steel sheet having a Zn -
6 plating anount of HOM¥ARYD QFpéUr 2] NTTF?@ steel sheet was then treated
by spraying a phosphate treatnent bath containing 4 g/1 of Zn ion, 15 g/1
of Mg ions and 1 g/1 of Ni ions, was washed with water and was then dried

5 prepare a sanple of Exanple 8. Exanple 9:



A titaniumcolloid type pre-treatnent was applied to a Zn-1~Co all oy
el ectro-plated steel sheet having a Zn plating anmount of 20 g/ nR2 (per
face). The steel sheet 10 was then treated by spraying a phosphate
treatnment bath containing 4 g/1 of Zn ion, 15 g/1 of My ions and 1 g/1 of
Ni ions, was washed with water and was then3d-Fied to prepare a sanpl e of
Exanple 9. Exanple 10: 15 A titaniumcolloid type pre-treatnent was applied
to a 0.05Ni -cont ai ni 3% zinc electro-plated steel] sheet (having a_Zn plating
amount of 20 g/n2 (péhifad@ypntiRE 3tBEI A5HRERVIHNT Herf i RMEE IR tepr ayi ng

a phosphate treaimed)@tahv@@m&aunsageﬂ g}‘lée’@ftlﬁltls%ﬂ,véleﬁ tHel ;QfonmZO i ons
and 0.02 g/1 of i_ans Oi’ﬁ g8d vm't? wat er_an t-hen dried

0
prepare a sanpl e eosfcrl':J)Paerﬂ) ﬁﬁa?g F/%q%?'rpfr Zse%ltr]gc fmrl?mat&ﬁ’l | oi d
type pre-treat nerteatarapplcead seougenshf £ac zémic i Bted witealesivarinckavi ng a
Zn platings25 awtrronoh n@.QoQﬁn'Ele(Jpgfmééﬁ§3t1J1beré‘§z?seéar&t@ethéss niR@n

treated by spraying a phosphate treatnent containing 2 g/1 of Zn ion,
9 g/1 of My i on¥HH®rESH fnéf 1R eP‘Gﬁéle%sl’i)va%q’ﬂéEF Vi QT wat er and was t hen

grl 2}9 to pL epare a samy & | lr@%gﬁ@”ﬂﬁbéht&?s Ex@ve| &xadnindl quol a‘iﬁﬁtllu\é%c'éxéfim e
ter the titan mco oid ty ment s appli to a stee
sheet in the sar?é 88§8Fﬁb§gh§ ‘\‘}é a’r%t% H&Tﬁ% % at®shosphat e
treatment bath dmﬂaazlerqi rfglm SoghaédobnzZhhe opslaardi 4 o theedf d‘b@etonamds 35
appl ied DY oSPr KNG (Rdoie chbeCknsNGR Lo ThED: Ol%é'@lééaer%e,shf'oq{ i oy hed

with water and was dried to prepare a sanp arative Exanple
Conpar ati ve Exarfifi*e C&nd@ﬂtséltl?ﬁer?ﬁf-éﬁﬁﬂﬁ?co‘f”l‘b"r%ﬂ%%@rﬁjr élc’c]f@attr?éﬁt was

applied to a steslirdiegltyi aahhaesamprwydassh&es&rﬁ@mlam 1@&@@@%@@
Example 2, a phontph te treat;crrent bag ont ainin ftf Zn |on?‘

0/ o V' i one ST B 1 R ERE AP ne et BEB TP DL e sy i s ke
sheet. Then, theltstigelalsinectiswds V\Idhhadsmtdnbthomms wefs Ndr,i éxb taadpr epar e
a sanple gt Co atéh‘éf‘th%&%mﬁécérogﬁé%%ﬁ En&Ve | Hl 1 IR %d atd Film
wei ght: The filmof eac e is disso i'n an aqueous ammodi um

di chromat e sol utdldPwasd ttoh@r?FPﬁllﬁéthPeﬁbd%d%ulfdl%FcP R emegitsy ioReraite

anal ysi s met hod.ad~idne GRResi (ien: thsé Iagup@rmsm@r& Scd?rfpaid’te drid MnS@bithi ON
descri bed above %ﬁe det er m ned | acc rg Wlth anaICLyS| s (I nduction

Coupl i ng Pl asma Bri's<i%h ©&n Pﬁ‘l eecJ? h°e fﬁqem 3ition (~).
Pai nt adhesi on (ipniereripn c20 hezachnrevhdek coating (Am | uck #1000, a
product obpKansai Pairjfe 1s|E bl Ehé%%?gn@n}é&v&?@fbé%‘@ﬁl&y YSiang

sprayer and baking at 140C for 20 m nhutes. The sa le is then Ieft standl ng
for a day. CheclEriss Fi&elafbres Wt’ﬁ“i IF RO PR W"g{ﬁlafr’éé‘) WE2ERTRg t he
base iron are 2x%Heraient phodphageafiilNh cobt2inangt theadd 128 i prelagd by
using a Cell Ophad‘eo ARE 16X%r BEeh QL QQeSQP&{l&?t 1 RS eé) QEF;o?ng th@ ©
squares, D. pee of 1"to 5 Squar es, no sqguare al nt” adhesi on
(secondar y): 30 gmelzst@@lsm%e@ﬂ @éaﬁéd C‘ﬁ tnd Ganeahythes aghesriiosedadbeve

is imrersed in g liHg f\@tmerlsf grt ?ggag}_ngws ﬁ;ﬁPd is left standing for a day.
Checkerboard scratches w.th g % uare reachi ng the base iron
O HFhBRFF Fﬁ%eae?

are formed by using zPrFSIQ'BI(}:DG‘t'[PE‘r sing a 35
Cel | ophane tape (XX eelgadivab@@esquared, sh(eepa&stecbflm&rtep fresgmar es, D
peel of 1105 SHHAL tcw 1sp%%lt gfa]glagcul %aan\g"l;o@_ LébZJtre zﬁ.nc

resi stance: Edges an e Tear srface of sarrp are sea
tape seal and a Rati@EpErsy addsy p %aééﬁauﬁ?’édb‘? 8P e c Fhtaide tdingh means

JIS-Z-2373%0 24 hoyirsod q;taart,lchharqbamgmeédap@ﬁaﬁ@ﬂcean& D rigd ak XXy,
occurrence of

red rust ite rust o ngire to, 99~ of
white rust, &ott glﬁ)f)ic?ftlvﬁl té’aFu:H‘SJ ,H?fogl{ a‘hge at a%ﬁr]tQNor?aﬂlnPForm
dew condensatl orﬁm@snS‘iChnce 10 After 0.5 cc of city water is put drop-w se

to each sanple, the sgmhg 'zsinbe%tnoﬁ:ﬁagbnglil@?rféiﬁﬁ(e@% Nightga133dized
appearance is examned with eye bccurrence of rust, D occurrence of

remar kabl e non- UM FtoimE 1 Y% I%‘GgﬁnnSlF{%Pt TPLeCEsH rioTR e Sa%ehel y sli ght
nonl5 uni f3gr mt ysorfdistimPeEunience ahdnon- xUllilisifOEEsméryt)J.alW}# tcﬁﬂ%‘sﬁstAﬁsL

| i gh X h 65, O_..65
\7/8 gre ﬁmlrg) s ‘?t"isjorrlcgc’%f?r?nfeélrt%l Pf/heeggthﬂﬁn GRS or M1 atdrgo%rhe ol qu lfc‘oﬁg is

exam ned with eylsaa(SX: %% rmowt ghief emping efi 8t slet mnadti-nshidforetiemgntsTabl e
1 shows the result of performance eval uati on. Wereas all the Exanples of

t he invention provide good performance, sone of the performance itens are
25 deteriorated in the Conparative Exanples that are outside the range of
the present invention.
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filmand excellegpt ¢i-BnCOI§ OSEOM & es'vﬁiéﬂ%ea%%oﬁﬁltobft @E%he!‘héﬁé' He sai d
zi nc phosphate filmcontains at 5 |l east 2~ of My a 1~ of at | east

one el enent sel EEEEA FPBAPRPREYr bl Ssitds ﬁ&sBFCNIl"eCEJO%[ﬁH Elmithd an

adhesi on val ue ehesehdt&i hesphospiviandd land shat noeashiBorfmglaw. . Ar. A
A A@ . A@ Al . A3 Afr

7. ALh_ .
.0)/ Tk= {qu gb] ng]a 3]‘52]”(% T sc% nccae] caa:]ec ca c%rééféaf‘eg] 88]88{%]%61] cajc
a] ca] ca] ca] ca] cefcaheachpr adra]|dajmRaUfiheal co3mxeRphts +these elements
" " $$~% xsni d_Z] kgajcal E@J\ﬁé‘&&ﬂ&@]xﬁﬁ]{cﬁdn@%ﬁ%c%k(iﬂ] ‘E@]Lﬁa]ﬁ@i Ng] galgcajcalca
] ca] ca] cal ca] ca] ca] cal ca]ca] caI] ca] ca] cal ~W&R&E&E&- } 44 P9c99g9999999
99F: - . " The upper limit of at least one klnd of elements
; ~YS ni cAYni d 7] ]sea]ecalel]i ca]@:a] t:leéJ] gna:]mpa]dtﬁisill(sa;]mq] o@UNda] caUhfial ca] £&V] ca] ca

? Ca%)ci] ga ]a] ca]sga] %g] f%iéédia Ca]ec(ioih‘]-o%i% s P g]osgmsc’d?'m daﬁfcaU] caJ ca] ca
U] ca] ca] ca] cal] vajfafoaty cef cirg ceqlm] datlec dropd] vapoatheapvauhta]l cal cal] ca
1 cay] ca] ca] cal] gageg@3( £h s > ;.4>16ﬁ8¢ of 1%.

>=>@B>E>CGK>M-Q>V>Z>p>vy>>>2 ?P?b?n?{ upke™ ZUni c~Yni d_Z] cal] ca] cal] ca] ca]
caU| ca] caU| ca] caU caTB%lj“é%T%Ja‘Pj] MU FOSURLAFc ROPERT R 5] EajBat] &l caUl ¢
a] cal] ca] caU] canBp2¥?8?7?, @@@@@Eé%&%@yeb@@y%w&?ﬂ@ﬁbia%u]pkeU
ZUni c”Yni d. Z] call cal ca C calcal.calcal] ca] cal ca] ca

] ca] ca] cafsc_"a ¢ka 5%1% U}‘cg] caLﬂsc a (\f\fﬂ ¥ U%S&%m &k

& ()--S10%& ()comd@g&at;omm@a&s%m@l@m () - 910°/¢g&' ()-6Y4zX6!'t” @ 10%c& (
)--!‘@P109@¥%¥()--!‘@%éO%QNwVﬁ%&QpnAéE<@§5¥%galvanized steel sheet

according to the present invention does not require a

sealing chromate treatment after the zinc phosphate
20 treatment. A sealing treatment not containing Cr is
naturally advantageous from the aspect of corrosion
resistance, but is not necessary.
The zinc phosphate film of the invention can be
formed by conducting an ordinary treatment such as
25 spraying or dipping in an ordinary zinc phosphate
treating bath containing phosphoric acid ions, Zn ions or
nitric acid ions and fluorides by adding ions of Mg, Ni,
Co, Cu, etc, in the form of nitrates to the treating
bath.
30 Examples and Comparative Examples
Examples 1 to 3 & Comparative Example 1:
A titanium colloid type pre-treatment was applied to
a molten zinc plated steel sheet having a Zn plating
amount of 60 g/m* (per face). The steel sheet was then
35 treated by spraying a phosphate treatment bath containing
3.5 g/l of Zn ion, 20 g/l of Mg ions and 2 g/l of Ni
ions, was washed with water and was then dried. Samples
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Example 7:
After the titanium colloid type pre-treatment was
applied to a steel sheet in the same way as described
30 above Examples 1 to 3, a phosphate treatment bath
containing 2 g/l of 2zn ions, 24 g/l of Mg ions and 0.5
g/l of Co ions was applied by spraying to the steel
sheet. Then, the steel sheet was washed with water and
was dried to prepare a sample of Example 7.
35 Example 8:
A titanium colloid type pre-treatment was applied to
a molten Zn-0.5%Mg alloy plated steel sheet having a Zn
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