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Synopsis :

The production of porcelain enamelled ware has been expanding rapidly in last years,
and the direction enamelling process tends to be used worldwide. Kawasaki Steel Corp.
is supplying decarburized steel (KTS-M) for direct-on enamelling. The properties
required for porcelain enamelling steel and the present situation of the steel are
described. Mechanisms of adhesion of porcelain enamel on steel are reviewed.
Enamelling properties in the case of existence of some elements in steel or on the
surface of steel are summarized. A few pretreated-steels for direct-on enamelling are
introduced which are considered to be useful for the wider application of direct-on

enamelled products.
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Synopsis :

The production of porcelain enamelled ware has been expanding rapidly in last years, and the direct-

on enamelling process tends to be used worldwide.

Kawasaki Steel Corp. is supplying decarburized steel {KTS-M) for direct-on enamelling.

The properties required for porcelain enamelling steel and the present situation of the steel are

described. Mechanisins of adhesion of porcelain enamel on steel are reviewed. Enamelling properties

in the case of existence of some elements in steel or on the surface of stee! are summarized. A few

pretreated-steels for direct-on enamelling are introduced which are considered to be useful for the

wider application of direct-on enamelled products.
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AV y FOER, 1555 OB/ME, Rib#ED
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25, FeQ 23,139 A 5 P BihHA AT, & QT
T HET 535 A5 Bt FeQ 2% SATERRA
RT3, cORBE (FEB) Fcirsx v
# (FeTiOy) ot r@Enoh s, Nil—
WEME XA TIEH A5 PAIET 50, KEEa
Bl x h i @FEimr Fe-Ni o884 BRI,
Fe 1 4 vicBAN RS A5 Fe-Ni 05 & &4
SLTG, BERASMAE D, Tk, BERL:
B, COFEBRAERI P EIFLELT
Lojo FeO ix, @39 A5 dh~oiifnc b EAL
foh, EWeEETD Fe-Ni 4440 Ni &1
o Y o Lizh LT, 3545 DFEEN
BF+tazednipsn, —iHETHEs A5k T
LB B L, EREBCETLEY A
5 FeQ aiafiL T4 2 &, 5> FeO #idh
OENEDORICFELL LS, HEETH S,
Ni #FEBERC, R >BEY/ LR CTHE
4L x EERED FeO O REEL H#EL T,
COLH REREO RS ESARRTHE S,

FeTiOy O#RESOFELOLOIT, 1595
S OEBEMESR R T AHERiL A, EHEEDOX
ViR S A STV DS, otk
EAMAEmLAD, o® FeTiOy @ i FeO
ORI B L, B FCERER OB
25 A5G0 FeO BESERANEL DEL A>T
Fz b, BUSELT FeO &L, EHRESS
il E LT TiO, # B+ X 5w 2, s
HEEEIBLALLOTH-Th, FeO O4pE
Fa, EERBPO FeO Oo@firifiT 2
R ETH-TLE &, (EFEHBETNPETFL
TS HHDEFEERIE R S,

B 1210 iz A5 RED Fe DEFOE
EHAD DM A TSIt a, Kb ERED X
51c Fe il a 37810, 3555 OFE
BT <hTw S ik LERTC FeO Y
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Chit, BENES Y5 L5 L5 MM
WEBC T 5884 ERLFICER T 540
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BR/cEE Ty EREEL TS,

Tiob, HERCEMRL B 5 ANHE
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WAL R BR/EFEE L TREELAERE L
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6. FAFHBTROES D 5HBME~OEEF

25 A EicE AP BECECEELH
HMCTHI kL, ERHHTHAF LI LTHED
b bT, 3555 ORERMLERED
HIEE DL OORBEERT TR, AR RME,
T ORI, PR ORE P ERNS L, BET
Hrth, FORBHIESTIELL, I<RbN
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RTWA5C, ODEARE~DEEE, 1D
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bhd, Lt - TEEB (Fx 102825 &k
Wi, S Aa—%

April 1973
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D EVhRT A, 12555 R, D
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WL THAERET L, P~ O HERERRED
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L AR AT B (b o C MR LA
ENE I AR, 135 A 5 BEEEHC Ho Wkt
Wit h, oF LUDREORBEIES,

MBI h AU 2 LR LD,
e oW Ec R LT, BUOHBBEX T,
Wb HiBG X hEY, 0L @bk
SENTEWEIL, FORAMBHE T » 7 T4
BTE LCE e T, o LUDREERINLDLD
LATE L, b LESBANESY P, W
BEHASNAKLTHD L, BROHRTEYR
ST, W25 A5 RAETCELHTEHVENDH,
ML, 1555 0RSClE, ThPTLER
LT, oF EURREET A, Al ¥ NEs—
i3 5 A s AL bR ok, 0MECTER
BAEm 0T, oF EURBELETY
e THD,

6-2 ZRWTEORERXE~ORR

W T, (1325 5D OFLIEDRERRF O
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L1 2 30} FC
Ao & vd b, 100 w0} =
F-FA—CREOEMMTL 25} < Wt B
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H}éﬁ;é LCC#% 0.003% & BEiEBEM (min) Ni it pH

BT T e b O 3 B 14 MEperfell Bk E & o B 15 NifgopHLizd A5
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Vi LB, T, BREEOREGLD
Ny, Lo TEELLEYHHOEEMY LD
EAFBAELHL, 205k & bhbhi
H LI LERRERE-+ 22 L Th 22, @b oF
e, B 14T L ERC B S EEOBE
REMOBIEE SR L T4, FLT H 159
L s 0 3EEOED Ni 7 4 » 7o pH L3
SHHEEEE OBFRA TR LT A, ZhnbER
BEEORE AT, BiF/izs 55 0FE
a5 2 SO AR ATEE,E £  ARFT
HBLI bbb, DY RSt s F v
OEROMMOBROBCCEZLDOTHE D &
AEEBRMTEOEEILHEEL TV 5,
HMeonRIAMERTCEY, FmMEh
B OBEEE~ OBt T B16C7

iEH A5 RIS 255

+. EdoCu, P, Mo, Snizou ik, Biixy
A F#E Hu 7 Oliver® sve,mi|HTh b, Cr,
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2007 v—7TR, Bt L S CEgEn%
fEpie R ah, —D0HEFLHTv5, F
o WM ORFCOCTHEWAE N 5,

(1) Cu

WEREHEP COBBEELTE LG R
e Cu itk o BEMi o TR -cEIE 250 1K
L, FOROf 2E0RELL-TVw%, Cu o
SHEAFVGBST O, BREEEEmCHELT
VA BRAC A b i Cu o s b
HETAEL, NiT 1o Tk Tohbo Cum
Ptk U@, Nz ¥Froifae
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e b0 Cu @ERmMCEEL TV o v O
T, £ 10 Nt L EF LA &5, Zofr)

= =
E E
Z 05 g
E =
= —.
~.. -
3 ~—
0.4
" 034 1 0020 ~ 0.030% Cu
‘ {1003 ~ 0.004 % Mo
] 0002~ 0.004% Sn
# Ma : 0025% Cu
= Mé 1 0.055% Cu
S 1 0.025% Cu
0.2 Sh 1 0055% Cu
Si,Cr.5,5,5b : #ligk
)
0.1
kR Cu
Cu,P,Mo,5n  :75%H,50: 70°C
Si,Cr,5,8e,5b : 9%H.80, 75°C
- 1 1 1 1 L
0.05 010 015 0.20 0.25
& 87 7B (%)
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e N, 2555 OFEEE Lo Ni @kl
FRLEBLRCLOEELZLRS,

@ P

AL, BEEHIE R FEL (HRKEEL. LALP
DER R, KRN YELELCEBECHALAD
OHNERTH S, Oliver?? - L hif, Bethlehem
Steel Corp it P o FRA R CL¥E, 1354
SOREERC LT a5, PREMLE
Moo RMIMMO S REXYHTS, P
E/ Ni ofi#EEx L RE{THES T -
2% T4 CmT,

%4 PO N IREEOBE
T

PEHE

|, NithE &
%) (g/dm®) ‘ (mg/dm®/10min)
0.007 0.210 ’ 3.3
0.017 0.207 ' 8.2
0.031 0.213 24.1
0.062 0.225

30.3

-2 L 7.5g/ NiSO,, 68.5°C, pH 3.0

(3) Cr

Oliver?® 13 Cu=0.04% o v~ T Cr %0.04,
0.23,0.32% i B {e &€, FRBRERRICRE D £ 5 7%
iz v kDTS, — AR AVTC
OEERTR, Cr §HEOBINIMBEGER >R
T AEMER AT, Lhl, ChiR2¥0I&0
NiF 1o 7 TNOWHRENETLT, L0135
55 oFEERIE LR, ETEREEAEOK
J, =y F v 7 HBoFREBRAM DGR #
CEmERETELFELIORD,

4) As

BIEE LT LV BE LBV ERL
MEHELH, Tkt Cu=0.00% oHEIT
O oL s iofEma@lsbii, LS
nito% (#ER) H.S0, 77°C iz 16min B L
frlAOHETHL, Ll Cu=0.03% X8
0.66% DB &t As HREBORINC L 58
HEmbhich otk 5, i Oliver 5, o
Hif As oFEREB LRI,

(5) Ni
Cu=0.03%4H o> 1, Ni#»0.01, 0.06
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®& 5 AsomBEMB~DOEHE

As s B B

oW W R

%) | (g/dm?)
0.013 ! 0.205
0.020 0.276
0.030 0.323

0.037 \‘ 0.387

=1L 9% HyS0,, 77°C, 15min

0. 12% b2 RKBT, Bh5cBbisy
Zip B gk Ni 2L =y 5
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& Ti

Tivk, BEEELHDY T2 L k™, DS
THES L 0T R TGS T MEREO RS
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(7} Nb

AP ER A AT 2 LV bi, T OEMmCcE
BEENAET 5202 kt5E b h 5, Nb
mEMOFL B 6 OLRhTHLW, A2 L16%

% 6 Nb ONHHR~OHE
Nb& & 5

Tig R i

- ‘_
1

| o | (e/dmd)

0.017 J— ‘ 0.65

0. 040 — | 0.68

0.031 ‘ 0.21 i 0.45

— 0.12 0.31

Fofil 16% H,50,, 70°C, 10min

H,50,, 70°C, 10min ME@EOBEOHES T
T, ¥, Co—HrRELLEMCL, HRE
iSRS RER A< T 5,

kol s, BEF T POMEI LR,
X LR GEY R THE ED R Ty
Do

7. BEE@MICIA—T 1 -5 LITED
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WD S A5 MTICs\ T {iC—METE
555 1T, NI 74 v 70X - THIEE
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(1) Ni

MEEm L h 0.22g/dm® 2L TREL, ©
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LA TEL ZENTELDT, 2% L UFOfIE
CLRR B D LR LY, ZHETE5AS
<k, FHlXxEPFe NO & LT1 %HREEms
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[ETH 5. Mn odei, BEHER 0
F-PRETE TR - T B,

6} P
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XRABESLIEEY v 3 —~F 4D
ISCBH LI 0TH S, ThikflOFBEEE
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WTEST, LEIELZY ML T L 6D
FEZ HRA, EMALCO o #EEFHBEETH
» BHE 8 T, ERCHHLTV-20RHE
i Ni Thid, ToTEinbEBHE,P R Tk
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