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of Ceramic Coating.
Susumu MiNowA and Makoto KaTo

Synopsis: : :

Studies were made of the decarburization of a steel in wet hydrogen and the effect of carbon
content. in steel on ceramic coating. ’ . ‘

Steel rods were decarburized in wet hydrogen. The decarburization process was found to
be controlled by a diffusion mechanism where Do=1*8cm? per second and Q=378 Kcal per
.mole, when the values were calibrated from the value of volatile Fe in wet hydrogen. ,

_Steel rods of various carbon contents were then coated with coating material and baked in
air. The adhesiveness of baked film was calculated by the measurement of the torque which
was needed to peel off the film from the surface of steel rod. The adhesiveness of the baked
film was remarkably influenced by the carbon content in steel and the baking temperature.

: ((Received 1 June 1964)
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BRI C LIEE L HBRIcE T ATHS. BRI
BiitER biED L RiTER 2 R LD S5 BEHITH IS X
W, B, HHVIEETI Ty A~F 4L IRE
DHFRBHEELN TS, Fi, =HEREE (2
ZvE Al, Zols &) ORIEHE, vER BHELUT, %
RIS B SRR O VSRS 2 BHPAET,
JERICHRB A & LT, RO Sk
CRATH T ERETBNE. bbBA, CoOfMRE

T X > Th D BRE, KR OMBRLEZEDS

DTHBR, WFRICL TS, TOX S BOBITINT
W, ERERBDEL X TR X DA O BT S X IR
T, FOBEEBCEL TIHEID AREINTVED
THDHM, BWBICETIHEPORERDP L OHERLE
KREEATHEVIRED B355. Thbb, HHOD
PEEAIRE L THIEROBME L FIS LT CO 2E2T5
 RMRERL, ThAEEEZEL TS L LRI
BEORIMERE AR T 5.
AHRICHNTIE, &5 LAEIRICES T 5 HIEOIHE
BRI B DFBEET 5 7o DI ER &
LTET, SKECLSREORERD, 1). ff
BEOBEEREZER L, 2). ChaalRkRLmpIic
B 5 ERGOERROWEHER2» SHEL, 3). #F
| RREE LBEOTEERS ORRERDLOTL LI
&5,

2.t B M B

2-1 [ERER

B R ORERE R I SR O IR 0 ReD B

BRI PRV 72 LRI Table 1 WRFTZE & {Th
5. CORSOMEE T 2 ) —#k No.2 X TS, &
X 30mm HINL Tz~ F U ThilE, N v LR R
WCHRBEE IR L TEBRRE S L. tmm § oFURhE
1300°C TOERD LI V. ¥ 3mm§ HREOE
FRIX 2797 cm?, Ilmm§ OL O 0°9%6cm? ThH%.
2.2 BEESORFRBELR i
L OEBCRWRRRNE, BRI HE R T
LTz A Y —§ No.02 ZCHIEL, No ¥ R THRE
BRHEL b D THD. T OFREERIL 4°4~5'6cm

TH Y, 0°038+£0°002% DO HEHL TV 5.

2:3 AFRERE L HIROEER S ORFREIE FER

ZTTERNT RS, REESE 0°04~0°54%
OO 2 o, MR BEEY lom, £
# 15cm WHTL, = ) —#k No.02 ¥ CHiEEH, ~
Y TR L 72 b 0 & PR O A i S Rl ABUE
L7 HEATMRSELIEBAIE L L, TiokHz
FAE LRV BB THEOERTES N ZOFEGLE
72 H8FN S vz, ’

2y B (%)
Al1,0; 55 .
it ¥ | mERokiciEmL T
NaOH 10 .
NaCO; 10
NacCl - 10

3. ® B A &

3-1 SHOMRER X ORREE OBEIEER

Fig. | CEREBLZRT. BRES XOCERROHE
FEBFECERBEC X o72. Thdbb, AENRGE
MICEBBEAR HRBE T VR - K- FICRETRS
®, WEFLEELE L Ar F 2 EFRERCRAEL
DTCEGOBRETRS. DWTCEHay 2 &8z
—FEIRBE ORI BB L T v FRIELI Hy 4 2
BT COXSEET Hy/HO BAH A E DD,
FIEMBECRELRR O AERSE 2 EREOE = v
< FTMET 5. FTERRMRE%, FeBEL i

TS L ARRC SR A R e T AT F A

WA LD, bl TEBRTEITHET S, 0min
MBS, 3% P05 ADF v o —ZHIC 10min [
WiE Ltk o ERZLETRE L.

TBEREBROBE OEBREM & LTI, H.OffAKY
BE%Z 18°C w8 L (2 OFF Hy/H0=50), Hp/H.0
IBAH ATES 300 cc/min WARELRAD (T DR,

| OBHE L TORES H A OHEEIK 40cm/min), JREEH

B 900~1300°C THElIC T3 2o BRI HIE
L7z ‘ ‘
EASE DR FER O Ba1E, H.0 BMAKERES

Table 1. Composition of steel,rods.
T Composition ‘ . .
C (%) Si(%) | Mn(%) | Cr(%) O (%)
Sample rod T :
3mm § Steel rod 0" 14 0°16 Trace Trace 0°006040°0003
{mm § Steel rod 0°10 0°85 Trace | Trace 0°*0060-0°0003
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Movable elema furnace
Sample rod on Al:O3 boat
Silica tube

Thermocouple

SO

} H:O saturating system
Fig. 1.

20 cm

1. St‘eél rod wifh baked film
2. Leather

3. Screw

4. Bar

. 5. Spring balance

Fig. 2. Apparatus for the measurement of
torque to peel off the film.
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300cc/min OFNFNTERLITI o7, EEEER,
1200~1400°C OHIFHTH 5. |
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- FREDIRE R X Ol TRIROBEKZ1T - 7c. BERRIC

e EEREYy, KERTHR o 7.
LOBRINHEIET, 7084 MTH lem,[BX
50°C ¢ 4 hr #MEE%,

KETS M vy ORIERTR o7, Tihbb, HECh
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BB O Z /N4 ATREATHEEL, RiCmTn

A&, TELRFEEMELRLLTEMHALEZE)

QX 5EBIBE- T, BE T AR DAY OF
B, WEEHEETACETS bV RERLE. &
B, WERF—FREIC D& 3 ~5 FFITTRY, £OF
BEZAVCHEOBERIZEHLE.

11
rwsensrred

N —1
NN -
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7. H3 bypass

8. Flow meter

9. Heated Pt asbestos

10. H: cylinder

11. Purified Ar gas inlet

12. Silica tube containing glass wool

Schematic diagram of apparatus for decarburization.
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5. (2L, DRRECEEGROEE) :
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(Wo=Wp) [PcWo=f (1/D-t]7) «-vreveeee-(6)
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kD BID.

PEEIERE X R OBIME LTk <R Ty -
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COROTRONEE Ll
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Fig. 3. Relation between weight loss and’

decarburizing time.
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log D=0°73—0"89%x 10¢(1/T)

x_%’bz’Pb Dy,=5"4 cm?/sec, B XX =405 Kcal/mol
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n%. E-O #kE He 2 0% @ & 5 EELL2HE
Licb DT, 1 hr BECTREEZ{LAK <, 2Tk
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temperature.

Fig. 7 CAFEE OIRBERTFEZTT. RIEEEDOR
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Fig. 8. Calibration of diffusion constant.

BEAMED C L CERINE D DETHS. RIELNE
NEEZL 20O TH 52, HRREBETNS VEPRL

ERHAEDTE 2 HEEHEL SN TR, ffo T
BB, 32 WORUAS E SEMIEELEUEL, %
WA fET 5 1CETS b vy 2EIEL, BEOBRERS .
BROT L ERLTHMRRER L OBRE L 5.

WEOEERS = WIREZ2EIME T 2RE L 2bvy
[kg -cm1)/(R#EZ 75 U 72 84 O MEEE R [cm?]))=
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Table 2 CHEHEREZRT. No.7 LTI D

L4

-~ day) i H R TIRHIT IR BB R T AR
HOMBEEEIL 0°006% EIEVWOT,EOMERIC X5
FELLIEETL L LU, ARSORRCL2ER
WAODHTHEEZOBEL T 5. T72bb Fig. 7 »»
5 Fe OEBEFEOMNBEILZZRECLAML THD &
E2Bh5HDT, TOEME 900°C £ THFEL, 900,
1000, 1100, 1200, 1300°C D&BEEIC TS Fe 0¥
FEEEER KD, TOERETDRRE L iR ig.
BILRT T & LT, ZOMELNLEHROFERIT,
FN2FHIT LD,
~ log D=0°"26—0°83X 10¢- (1/T)

LB L, Thrb Do%1'82cm2/sec, Q=378 Kcal
/mol rEEEN35.

45 SRPRER LWEOTERS L OMR

BED DN IIHIEOEEED I 13V 5 WAHDH
EORBD. LRI, Nvv—5H DI CHRES
HIC 8% 5 % TRIBRT 2L 5 &\ > B e
B 5D B, BRI, SUNUSIEIERS B\

T RT I~ 5 F i COMEROFEERL, 0

T L7 RIBFERE L B/MEDZE, TbbLEELF
ER
WEOTER S LEERIBE, 5V IXMhRESE &
OBf%% Fig. 9 X Fig. 10 KRT. zhbo®
5, WIROEE RS IERIRED 5 W IMRPRESE
ORIV IEE 2 b D LAMEEIND. COHETE

BT BHI®IT, S10C, $30C, S55C, OAMEBIC,

500, 600 3 L UF 800°C DEIRE CHBZBERL L 72 B &

DHEOEERS ORITE R BERIEEE 7% DO $Hrk

FEBLAERIC LY, ZTEBER X OBRELRE.
Table 3 WHEISHifEREZRT.

OB XIIE, HBLE LIcHIROBEER S DB
BED L VIXRPRESEITHT 5 — I, BiRi
%TOFNBEH . Thbb, BEED D L%
Ehie. , _
PLEDOBEZMA T Fig. 9 »HRFEA—RESROM
BRUBHC 2\ T, BIEOHEER S OB E I IERE KR
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Table.2. Adhesiveness of the coated film.

~ o . .. +|Dia of rod ; Adhesiveness
No. [Steel road (JIS)| C (%) [Temp. (°C)Time (min) (cm) Torque (kg ~cm) =R (kg /cm)
1 S20C 017 900 ) 15 1*0 28 8*9
2 S20C 2 iRl 004 900 15 10 34 10*8
3 S55C 0*54 900 15 12 40 10°6%
4 Si10C 0*15 200 15 1°2 46 ) 12°2%
7 S10C 0°15 500 60 1°15 76+ 7 220
8 S30C 032 500 : 60 115 644 4 17°7
9 S55C 054 500 60 115 584 3 16°1
11 Si10C 0°15 600 30 1°15 63411 17°5
12 S§30C 032 600 30 1185~ 394 6 108
13 S55C 0°54 600 30 1*15 304 1 8°3
15 SioC 0°15 800! 30 115 39+ 2 10°8.
16 S30C 0°32 800 - 30 115 30+ 1 8*3
17 S55C 0°54 800 30 1°15 9+ 4 5°3
19 S10C 015 1000 30 1*15 294 1 80
* The result of the prepared work.
Table 3. Table of variation analysis.
Variation Degree of freedom F o Fo(19%)
Se= 73°0 3—1=2 (Sc/2) /(S2/4) =24+33%* 18°00
Si=167"1 3—1=2" ‘ (8t72) / (S2/4) =55 70%* 1800
Se= 6°0 G- X@B—1)=4
S=246"1 3X3—1=8

Se: with carbon content, S;: with baking temperature.

3

Adhesiveness Lhgjem)
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o @

\ﬁk ‘" -

f—'dJ”?%‘ C=0/5%

5
4}
C=454%
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; |
40 1274 80 100 7200

Jemperatore (°C)

Fig. 9. Relation between adhesiveness and

temperature.
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Fig. 10. Relation between adhesiveness and
‘carbon contents of steel.
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