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Closed Systems of Alternative Platings
for Hexavalent Chromium Plating

Bt Bt hif =25*
Masayuki Yokoi Takuo Nakade
FiE =Eah* OB
Yukihiro Sato Tsutomu Morikawa

(19994F 9 A108 %)
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High Power CO: Laser Welding of Alumina
Ceramics
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Shuichi Noguchi  Nobuyuki Abe ,

(199 9 A 6 B &)

Fundamental characteristics of high power CO: laser welding of 87% Al:Os ceramics were
investigated in order to develop a joining technique for thick ceramics. It was found that a
penetration depth of 20 mm was possible at a welding speed of 6.5 mm/sec and a laser power of 10
kW. The porosity ratio was lower at lower input power, and there was a tendency for the porosity
ratio to further decrease as the welding speed decreased at the same input power. The bending
strength decreased as the porosity ratio increased. Porosities, in particular large porosities at
bead center, were found to influence greatly the bending strength of welded joints of alumina
ceramics. The root bending strength of butt weld of the 4 mm thick plate had the same value as

the base material.
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CO-Hz-Ne REHRICKIT D H RBRD
H AR & B A L
Controlling Gas Compositions to Reduce Operating

~»

Hours of Carburizing in CO-Hz—Nz Atmospheres

BRIl mE—BER*

A ®&F* HE XE

Yujiro Yokoyama  Itsuo Ishigami Fumihiro Uratani

(19994:9 A108 =)

A mathematical model is proposed to describe gas carburizing behaviors according to gas compositions. The

steel, S15CK, was carburized at 1173 and 1223K for times up to 14.4ks in a commercial furnace where RX gas

converted from butane was employed as carrier gas. Carbon profiles were determined by a succession of grindings

and emission spectrochemical analyses of the ground surfaces. Comparison between the calculated and the

experimental profiles revealed that the model was able to represent the gas carburizing behaviors precisely.

Carburizing rate was examined at 1173K in CO-H,-N, atmospheres. Gas flow of (CO+H,) and N, was

maintained at 3.33cm’/s; the ratio of CO to H, was varied within the range of 25 to 100. The uptake amount of

carbon by a specimen was measured by infrared absorptiometric method after combustion in the current of oxygen.

Flux of carbon was evaluated from dependence of the amount on carburizing time. The results of the flux
indicated that an addition of H, to CO extremely increased carburizing rate and the ratio CO:H,:N,=25:25:50

brought about the maximum rate.
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KICBERAEF CIRIKAE L -RAPDIRBRESTIC
DWTHITREREHEBREZUERL, EFLOMBE
ERIELE. SOICFHESERE EGECE LSS
LEDREMAEEZREL, ThoDHmBEEITR
BEEES 5 2 CORHERRLE.

2. REFE

(1) BREEFICHT 53R

ABHIEK 1 D No.l (TRTHIRD SISCK AV, H
& 32mm ORBEFERS L LK, BRIk
TR 1@ oFKIZIY L, FREEHHEldE LT L=,
REBIZIE= y TABEORE Ny FFEEXRAWE. 7
O ERLE RX YRAPCHEFEREETH
B-HBLTHOTVY v FEEMBL, C B
0.8mass% M & % i 0.9ks, 1.2mass% D & %i% 1.8ks T
BRE Cp LB EORH LIRRZ21To7T-. BRET
HOWBAAEIIHE I TICEANEZT 2. BEEHZ

RE% 1173 BLUV 1223K, Cp% 0.8 BLV 1.2mass%,

% 1.8~144ks & L7, ik, BRREMIZ=Y

v TR L DR & L=,

(2) CO-H,-N, ZBERICHI1+5:8%

REHIK | D No2 IZFRTHIRD SISCK ZAV, EH
Z38mm OABEELR S L LA, BRNIICE-T
X 1) Qﬁé:ﬂtt:@) DL, REEFFEHE LT LE.

H 2 (CRREROEBREZTT. RIGEFKEIAR
35mm, RS Im OFRABRRELZAVE. Ho1LD
RSk Ar H A TR L%, MBEBRHLE.
MEDBEETHIEL, FDRET 0.6ks RIFL, M
AEZDOH PR LIZEIZ CO-H,-N, REH AZEA
LIRREITo7-. BRETHIIEDICRABERSLE
b a—XEBH L THP~EANL L. BREEKIR
E#% 1173K, FEf% 03~7.2ks, HAFRIZ(CO+H,)
% 3.33cm’/s, N, % 3.33cm’/s & L, CO:H, DFfit
% 25:75, 50:50, 75:25, 100:0 & F{b& 7=,

(3) RERESMDRE

REIFREMNSIEKR 20~100um FHOETFHIL,
DOERNR— I HRBREFIHITEITI ZLIZE YR
b=, AEEOERILIL 0.01~1.69mass% O 1k 57 i B
2HT5 10 BEOREHN L BEESBOMINERES

2 25 % P AB R DR D TR BRE AV TITH 127

4) REBARDRE
BREMOESIZGECTEE(0.5~1.5mm) 2E X7~
X 1) DFERRAIZH LT CO-H,-N, ZHEHEKICE
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81 BRM O(LFER (mass%)

Chemical compositions of steel used (mass%) .

No. Steel C Si Mn P S

—

SISCK | 0.17 [ 0.19 | 0.53 | 0.008 | 0.021

2 S15CK 0.16 0.22 0.42 0.024 | 0.017
" 413
/*Q === /"I?\ =223
Em i
i -3 oo
2 o i b
\.'i) — ]
a ~— =
2 SIEN 2 >4

0.5~1.5 RERABORE
10 RRAXPHORE

(a) (b)
1 BB

Schematic representation of specimens used.

Gas purifier
Overflow
Flow meter
Metering valve
Gas mixer
Stop valve
Macleod vacuum gauge
Quartz tube
Furnace
Partition wall
Oil container
Rotary pump

@ >
<—10

<]
NSV NONBEWN—

B2 @p
Block diagram of an apparatus for carburizing of steel.

TABEREITY, TORANLH0.5g DEMBA %81
DL, BEE-RARIETHWN LIZRFRBED K
FMARTEHLE.

3. fERLER

(1) BREBOETIE
AP COFLBIRRIT Fick D 2 BERAITREINS.
ac o ,.oC
Ta("a] M
ZIT, C IXREANODEMH x OALEIZEIT HIXKFER
BE, ¢ (36FM], D IIRFBOIBEETHS. Zoik#E
FEAZEL ZOOMEYE, HAZHFIENEL
(=0 RBNT, FRTOIANTC=C, ()
oC

F=—Da;x=0 (3

=L, G i3BRM OREBERE, F IXXENEHEHIH,»
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P A~RATHEETHS.
HARROBAET VIZT TN OPRBENT
VAR, Zhbix F A (amas) b LLIX(C-Cy)
KBTS L LTRAD & S IR &HE S X TV
T EMBV.
F=ala,-ay) (4a)
F = fp(C, = Cy) (4b)
IIT, a BEGEERE, g & o 3TN ERFER
LEREICRIT ARKROER, B IBEMRISEEEL,
pIISADEETH 3.
—%, BRIIIKICSTRT & 5 2flix OFISHEE L
T3, =1L, CRMPICEELRETHS.

CO+H,=C+H,0 5)
2C0=C+CO, (6)
CH,=C+2H, )]

Lo THREZHL LRP~DRBRAIZI N OHEK
DREZBLTITODRATWE LEXDIONRFENTH
3. R.Collin HiZEDIFH LT 21ToTH LY, &K
KRTHRBRIHNPORIE )~ 2EEL, FHE
SHROEEBNARMTE D L ) KERREERATE
ABTLICLDBEXEFMEL.

a, —-as

F= Zk:ﬁ(Pco’Pn,’Pco,,PH,o)
i

m,

§

oC

=-DZ=; x=0 @)

TIT ok RERERREICOEEER, px IV A X
DHZETHS.
RBHRAETICHI>TIHEREENSEL LS X T,

£2 77 UNGERKRLE RX #RE2AWT SI5CK

Tu s LEVER L.
(2) BRATHEDREE
RALEFCREBLERRFICOWTONERLE
H - R LTH LN EEEEEE 2 L—ELTRT.
BRERIASEMNT 512250 T Cs RHHIEXMBEOT
3RY, BoDAABRRRRELRLTVWSRAEH
AdH Y (No311~314 LT No.321~324), EERFE X
FhIZEREFThhrol-. LML, No33l~334 Bk
T No.341~344 122V TIXE R S B 12 RRF
EEZRLTWBLELILNBDT, ThODRAHI
DWW 21T 7.
EFTREREIC L DRTEELREEL . —HlE LT,
RA No34l OBEESFITH LT @b) HFEREMHL
THEFA TN 21T B2 %2R 3 OBRTTT.
A (4b) F D g IFFAFAROBROESVRERT S
FPIeLoTix£2 FiIOA—FTEILTEIEENTVS
A, BEILP=2x10"cms™ &5 LEHERLTWBY,
LLR2R6ED g EZAG-HREITERAEL K&
<H#LE. 22T, plEEEARILIELLIA
B=1x10"~5x10"cms™ D & & |Z LB FRIEIZEL
BEABLNE. Shbdo g ERFENCEBShEE
EBNICH Y, B ENFOBFETHS2HIEZ D
WEIFEERLOLRE. LALRRG, FASHER
DE/BRESVIIMEHEARKBTRESELRL, 4R%
NIIELT BELEDLZIITTHSD. LT, FH
SHBRICTRIDOEALIIE = > 2 a7 & ~ORIMEZ
DFAFETIIRMETH S, Zhize L TAERTERR
L7=X@) #BHERRGLTEIETNTRENEZT o2&
FZ2E 3 OFRTRT. RABRICR OIS HdEN

r T v
RXHA(7 & V) |
1223K, 1.8ks

1.2mass% ]

C =
3£)"|' No.341

FRIR LI L & OHMEE
Values of Cs, M, xos3 and x,004 under various carburizing
conditions in RX gas converted from butane.
#qRr| T Cr t Cs M Xos3 | Xioos
No. | (K) |(mass%) | (ks) | (mass%) |(mol/m?)| (mm) | (mm)
311 | 1173 08 1.8 0.60 0.6275 | 0.09 | 040
312 | 1173 08 3.6 0.64 0.7487 | 0.13 | 0.49
313 | 1173 08 72 0.71 1.374 028 | 0.73
314 | 1173 0.8 14.4 0.69 1.498 027 | 0.87
321 | 1223 0.8 1.8 0.54 0.5527 | 0.04 | 0.39
322 | 1223 0.8 36 0.59 0.8979 | 0.13 | 0.63
323 | 1223 0.8 7.2 0.77 1.918 0.39 0.95
324 | 1223 0.8 14.4 0.67 1.864 0.33 1.14
331 | 1173 1.2 1.8 0.88 1.006 020 | 042
332 | 1173 1.2 36 1.06 1.531 0.28 0.56
333 | 1173 1.2 72 1.10 2.297 042 | 0.77
334 | 1173 1.2 14.4 1.17 3.547 0.65 1.07
341 | 1223 1.2 1.8 0.95 1.394 026 | 0.54
342 | 1223 1.2 3.6 1.00 1.835 0.34 0.70
343 | 1223 1.2 7.2 1.21 3.624 0.65 1.08
344 | 1223 1.2 14.4 1.21 4.565 0.82 | 148

T: BRBE, Cp: I—FRUHF v ABREM, : @R, C: RERRE
B, M: BREAR, x5, xoo: BHBIUCLBRBGIES RFRBEE 0.53mass%

BIUBHRBREL D 0.04mass% 51TV REL THIR E COZEE)

0

0.2 0.8
3 RRBEESAMICAIT 5 (4b) LR (8) DARITREE

Carbon profiles calculated from egs.(4b) and (8); S15CK
was carburized at 1223K for 1.8ks in RX gas converted
from butane.
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HESGRICHLARCRENTEY, ERELV LHARY
BELBETHENTES. RPBHEEBLTE, &
@ IZBITD a™IZOWTIRRERG), 6), (DizxL
TEREN m=0, 1, 0 &£ L', £7= D OBEKTENS
IZDWTH C. Wells 5DF—#9, kit HJ. Grabke
DBBLITF—F"2RAL-.

—%, BAE No.331~334 DBEESIRICHT BT
RREZE 4 17T, BRFEMOE 1.8ks TIXERNE
EDR—EDBBOON DM, 3.6ks LETIIFHEFICL
S—EHLTW3. $72< & bR (4a) R (4b) AV V=5
FETNL DITITDDTHBEME.

RIRFFFAE & & OFITBEESMEVERIIKRO L
IICEZD. BAH No331~334 DBRABIZEIT
CpIZ=2Y v FRRIEE DK 0.3mass% H> 5 R EHED
1.2 mass% ¥ T 1.8ks TLH &&=, —F, ZERTOD
RREFR LT ) o FRENLORZEKRLTY
D, LedoT, B4 D 1.8ks Tk CpAHIE LR Lise
Tl EITBRPITONIZHLDOTHY, Criz—ELE
EREIZBITLTOWRY. 20k S hREOBRICS
LT, Cp DFHLRBRT— 7 NEBELNRPoT8,
HETIE Cp PREMICET 5 £ TIETRBKIMIC 1
ALLLOLEELTHEZIT-. T42bb 1.8ks
DRI T DR ERIIERBOT — ¥ 2 BEIC KB
L7=b DT,

EFX@)ICBWTIFNEEKON K2 EHE
BATOIOREROHBEFETHIN, RESTES
DE|E L, VERT—FO—MLMELNRIok
% ColEND poo, BEL T puo BWHL, F72 peo & py,
X7 % CERIZE D RX HAOBERAERMELY BV -,
INLDZEHLBEERE RS LBEXILNS.

L7 » TRETHEBEDOIHHESLER RO Cp &
MELXZF—RATIHFEERATIEIX VEEDOFHV
HEBELNDI LD LEDNS.

(3) BESMMN & Bt EEDOBRF

B RX HADOFEHZIZAZ V (RBHR), Tar
VBIUOT S UBMERENRD I LBIZEAETHY,
ZO-HBRREBAKIT CO:20~24, H,:40~30, %Y
N, 2EBRE LIEbDIZRoTWS, LALRMS,
BIENDFERD GFENOFEIHERITIBREEICKE <
REBLTWALEZLND. T TUTTIX CO &
U H, DR Z EHEEICE LS -FEKP TORR
EEZR~.

‘" (8) IZBIL T, R.Collin 51K (5), 6), Nz
HLTENENm=0, 1, 1 L LTWBHRY, &3
DERELVWESICBbh3 .
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RXHA(T 5 )
Cp=1.2mass%, 1 173K |

0
t(ks) B HNo.
o 1.8 331
A 36 332
o 72 333
v 144 334 ~

— BHRMH

C | mass%

0 05 1 1.5
x [/ mm

4 RFEBEDMOFRE & HABOLS:

Measured and calculated carbon profiles; S15CK was
carburized at 1173K in RX gas converted from butane.

BE 173K I8V T, CO:H,=25:75, Bf%
03~3.6ks & LTHEE 0.5~1.5mm ORF IZBREIT-
L EDREFRARM &t OBMBEEAR-HEREXE S
(2, WM 0.9ks BETU 7.2ks &L, CO & H,DHEE
LEFTRREIT-oI L EORFBESHYE 6 IZF
T BRESHERIMI T L TREMARM 2R
DB ERTESN, B 5 IZiIXR 6(b) A bRHE
72ks IZBTD MEBREALTWS., ZORRNTIX
MiZ T LTERMIZ LA LTEY, £:-H6Mb) D
Who G b 173K TORBEER 1.23 mass%® 121
BLTWRWIZ DS, BRIZRBIBEEICBTT
BHIBM TITPR TV L EX bh3.

KIZE 6 DMBEERTH HR DT MHE COBITH L
T7ay bLEZLORR 7 (RT. BINOLLEALM
&5 IR OEBREFICRA TS, FiE0 k>

15 —_—
CO-H,-N, %
| 1173K, COH, =25:75

- © ﬁﬁﬁﬁ'»*&ﬁbf.%iﬂﬁ
- ﬁ#ﬁ&
Ibf.%ﬁ‘lﬁ

C— E

0 . ! I . 1
0 2 4 6 8

t/ks
5 CO-H,-N; REBELKR TR L= SISCK D
IRFTEALL & BIREERDORSER
Relation between uptake amount of carbon and time of
carburizing at 1173K in 25%C0 -75%H; atmosphere.
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ICAERTO MERRRICHF L TEMLTRY, |
7 RFBHRAEE F OMBRKIFEEZR L bOiEn
e, bbb COICH,#HmMTaZ4ick-T
RBRHEAEEEIZABITHA L, CO A 50%D & &L
HEFRY. LoLeA5BRRIO H, Bz AR
EEETIETWA.
(4) XEEROD CO-H,—N, BEHRAZHERDIZHITS
R-dok 3

BEOHABRTIE, BREEG)~(DITL-TAE
UBEtEDH R H0, CO,BLV 0, %) vFH
AL > THUCO & HIKEX-BEEKEZFANTRER
XERBE, FIED CrHEERDIIICRRET-T
W5, LhLedb, AEROBEE CO-H,-N, RS
HRAEFISED EF» B THIZ@D > TEFERIZH L
TEY, BRIZE > TEUBEEY R IR RE,
bTFH~RLIESh, @A THI2 CO-H,-N,IBREH
ARPREINTHB EEXBNS. T, BEOHR
BIRTIE F B(Cp-Cs) IZHFIT 723 M1 BhiRODEE
RABIIFR E L bINEL 2B BMETYT (X228
RB). LZANK S5 T M- BIRBER, ThbbiE
ROBIIRB—TE ThHo-Z EERLTWS., ZDX
IEFEROBRITBZEDON RABIREITFDOEBHNE
ROTWAEEZDLND., ThERARBE-DICBELN
TRESWICH L TREG) 2HALSELTHIERERT
RELAEETAVCTHELEZGREE 8 TR, AER
TIAAEFE» b —EDTHETHREZHKLTVAHDT,
b LEBRICHHIEED Cp ENRFETIRLIZZED
{EIXRREFEICBR R —EL RBITTHSD. £h
IZH b 69X 8 Tik 0.9ks M & X iF Cp=0.6mass%,
72ks DL ZFiX Cp=1.0mass% &\ o7k HIZ, FhF

08 T T 1.2

NOBRRFEFRICH L TR -7 C EZAVWEHEL
ThRWERERESMOERELELTHZ &M T
Ehphote. TRROLEAEROBRIZAEON RBR
LRERIBREMERL TR LEXIBZ2 220

TR 7 D CO100%IZHBIT D M EITFEEIT/HEN
KHhnb 6T, H, ZFMT 52 LIk > TRBICH
RLIEZEOHET DL, BRIIRIE(6) BLU(T)
BEETHEEIIIEL, FRREG) IZE>THTD
NelEXLND. TOHE, HlRBRES R
BENBARWRT, RGE)DEFO~DORIGHERTE
etThid, BREE v 3R L >THEXLNBZ
Lt s,

v=£k-Pco- Py, )]

ZIZT, k RRISEEERTHS. po & X LB L
pu=1-X L2 OKO RO L S KEHTES.
. v=kX(1-X)

1Y 1

=k{—[X-5) +Z} (10)
IhEY viz X=1/2 Ti2bH CO:H,=50:50 D & & &
KiEL 2D NN, TRE 7 L—FKLTW5.
L7h3 2T CO-H,-N; iIREH R & —FA1H> b #ERAIZ
FLicL EDBRRIT Cs PEBMRICET S £ TIRRRE
LFERISBEC L > TITbhTWa EE X bh, 0D
LEDRREMIIAZ EAWVEZERRIZBITHE
REFAICEUTEZRTTHD. TOHPE, ik
FEX IS 2R EER(2), Co BEERICE
THETOEREFHEIXQ) TELLNSE. | 9 1T
RRESH/CHTIHASRZZABE L B L TRT.
Z0BR, RQ)ITLELR FEIXR 7 &Y F=M/t TR
O, HEEIEAEL L —HKLTWS. LEdo

CO-H,-N, %
1173K, 0.9ks

0.6

ol

C0% H,% A
o 25 715 Fo
a 50 50 08 B
o 75 25 ST
v 100 O

— EfR R

CO-H,-N, 7 CO-Hy-N e T

1173K, 7.2ks 1173K O 0.9ks

— J A A 72ks
CO% Hy% FEIRR

o 25 75
a 50 50
o 75 25
v 100 0

— B

M/ 107 mol-mm™

LT

) 0.l 02 03 04 0 0.2 04

0.6 0.8 1 0 20 40

60 80 100
x [ mm x / mm CO /%
(a) 1=0.9ks (b) t=7.2ks 7 CO-H,-N, REBXPTRHELE

B6 CO-H,-N, RBEBF P TR L7 SISCK DRFRIME 537 O ZHME
Carbon profiles for SI5CK carburized at 1173K in CO—H;—N, atmospheres.

SI15CK DRFHAR L CO% DR

Relation between uptake amount of carbon
and CO%; S15CK was carburized at 1173K
in CO-H;—N, atmospheres.
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147 T T 0.8 ; . 12 . :
COMN.® CO-H,-N; % CO-Hp-N, %
12K Cm 1 2masst 173K ] 173K, 09ks | 73K, 72ks
ol L ERIH 3 SR
NG I Y S | o 1
Lo o 25 75 » o 25 75
— HRE A 50 50 0.8 PR3 A SO 50
" . a 75 25 . o 75 25
g 08 E a v 100 0 S v 100 0
E 06 E 04 — BR{H é 0.6 — HEf@
oo S S

0.16} ------¥¥===
3‘126— _____ o(.)izo
0 . . . v 0 . L - 0 : . . .
(1} 0.2 04 0.6 0.8 H 0 0.1 0.2 0.3 04 0 0.2 04 0.6 0.8 1
x [ mm x / mm x [ mm
8 CO-H,-N, FBHEK P TERL - (a) 1=0.9ks (b) 1=7.2ks
SISCK DRFRBESHMICHET S 9 CO-H,-N, REHK P TR L= SISCK DRBWBEESICET
A () i & BREYT HHERROBKET ML BT

Carbon profiles calculated from eq. (8);
SISCK was carburized at 1173K in
CO-H;-N; atmospheres.

T, AERICL BBRITER ON ZBIRO & 5 (T
Cp DRSS, AZ U EAVEEZERRICBITIAR
E{LF RIS REDRBRFHIEV 2 L Bbho Tz,
(5) BROBPFLIZHT HIRE
BEOHABRTHEDEDRIGIHKE (5) TH
BB, —F, il & bEAEROLMEE
THE CO:H,=50:50 ML &ENH - L HIRRELEMHEL
RBEZENDhoT. 2750, ZOMRRIE N, bED
- BHELENS R B L CO:H,:N,=25:25:50 TH Y,
CO:H,=50:50 (CHH YN+ 2ME L LTI, HAIT
CO:H,;:N,=30:30:40 DX H5{Z N, ZEDEILIZIE L
%< DMBEDENREFETD. 5% N, ZEOEIL
LEDEBERKICBITIBRKEENT —F 2 ERT 5
ZEICE o TELITREAEN D FTRENEN H 5.

4.FLYD

BESEARDOEEBLER LIV ABRO¥EXET NV
ZER L, BE 1173 BLU 1223K, FFHE 1.8~14.4ks,
Cp 0.8 BLV 1.2mass% DFEH TRRZH L 7= S15CK
DRFERE SR L TR EIT 72, ARET/VIZEE
FOETFVEDEELHBTE S5 2, REKKD
LR TED I L 2R L. KIZ, BE 173K,
B#R 03~72ks & L, CO:H, DB EELESER
CO-H,-N, REERICHBV TEHEKMER L BIREED
BRI, CO W H, 2T 5 LTk »TRFE
BAEETAMIZHAL, CO50%D ¢ BREET

L7=2%, B8RO H, BMESIcHEAEESET I8,

ZOZLFERBZIBRRIEN CO+H,=C+H,0 IZ

Carbon profiles calculated using a mathematical model for vacuum
carburizing ; S15CK was carburized at 1173K in CO—H,-N; atmospheres.

LoTITONIZ L EFRBL TS, LK TRIR
DREIZF S L ) 2 FETOEFMER & LTIk CO
L H,OEEE LTI LNERINS. b
CO-H,-N, IREH R & —HMh OEFANIFHK Lz & &
DERITBEOH ABREIIERD, AF2HVE
HZERIRIZEIT 2 RELFRUSEER OB IR ZE 850
WZ Edibhotz,
AERO—IiL (B B BB IRRE S DBIRRIC &
>INz bDTHD. BLTHEERTS.
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FO— BRI DIEICLZZREREDORE &
TYTIN ZBREEOE X RIEDH

Determination of Multilayer Thickness by
Glow Discharge Spectrometry
and 1ts Application to Ti/TIN Mutilayers

WA

Fumihiro Uratani

RS **
Itsuo Ishigami

L HIE3A*
Nobuhiro Ueda

(199949 A108 )

A method to measure the thickness of each layer in the multilayer coatings was developed
using glow discharge spectrometry (GDS) and was applied to Ti/TiN multilayers deposited onto
the chromium molybdenum steel. We obtained first the depth profile of Ti by GDS and applied
differentiation to the /-¢s curve , where 7and ¢sindicate spectrum intensity and the sputtering
time, respectively. This process gave the boundary between Ti and TiN layers. The boundary as
well as the sputtering rate obtained for standard samples was used to determine the layer
thickness. The thickness determined from GDS depth profiles showed little difference from
that determined by scanning electron microscopy (SEM). The results showed that GDS can be
used for a rapid and exact determination of layer thicknesses for the multilayer coatings.

F—0U—K:6S JO-MBRAS, K@, REOKE, LEVEE TiN REE

1. 4

il

W, TRCOR EOMBERGICTBREYE, Ha
HEEETHENTEREOILEMIC L 2HBENBAIC
TbhTwa. EEIZRICY, 2H, BthizEE
HEERT, 5RO SNZERTBEEICHHET S
7=®, BERBMSHAKR, SBERAEIEIE
REBEBROBEENHEZINTVRBED D, zhsn
BRAUREEZ RIS 21213, HEAGOESL
iz, BERREEE L TWAZIENRETHS. K
RERERTOMRECTHEREREROE X LB
RBRICHD, REEENRLDEEIIR>TETNHS
¥, ZOBE, EENBETREMSEAVTHRENRELD
BT BHEREENT, 2Dbo LHERTH B,
BRBFENPDRBROORMEL2ETS. HEOLEX
LTI, WAWRRAENS D, BHEHEDEER
EERBHICHNITE L, HAEXBROTECREDH S
TEHCK B HBBRZORENENTNSY. LAL, £
BEBOXSITHEOREZ @M SHRINTNS D
DOTREBOBEAEIRETHS.

* IHESNERE AR S N—T
*»* MEENRERRARE N —T

—%, REHSESHAAOHEREB/EHEELT,
XBHBF AN (XPS), F— BT
% (AES), 2R1 A EBME (SIMS), YO—iK
BRAESE LT GDS &&T.) i2E, Wbw3k
HEMFEND B, ThoidA A OWEICESZ /Ny
&1 > YBREEFIR L THREIEE EH 0 2dt 5943
2HBETHS. PTH GDS IO HrE LR T,
BEEEEICRETBRENLL, EEANvIU S
VB IERTHE  DERER TRE D S X AKX
10 mBE)DETHERHMINTESZ LS, Oy
PRSI R WK ERBME D> TNEY S | kD
GDS 13, ®- EPHPEBMRESEM 12 & DEMAHT
DBES THEM OB, MR I BB E 2
—C(()é 5) -7)‘

ABFETIE, BHEEES OBEREICHT 5 GDS
DT &R L 7. \

2. REAEBIUERE

GDS IZBITZEI HROER{LEIIEMBEMY DD
ANy Z) P TBEZRY M IVIREEE DREME & DB
f GEENER) ZHRENTRD, TOMEBENSE
BEEANRY YY) D JRITERTIHEN—RIED
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hTw3®. Lhl, GDS ANy > UB%ER
AU MAETH DD X BN S HH DO/ HREE
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Design of Network System and Database
4th Report; Development of Production
Management System on Personal Computer
Network for Electroplating Industry
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In this report, the development of production management system on personal computer

network for electroplating industry, constructed by using personal computers as a server and

ten terminals is shown. This system makes it easy to distinguish the product from similar

ones by showing it on the terminal screen , to make rapid treatment of notes and tables

adapted for the short-time production and to check the fdegree of progress of products.

As this system is developed by database-soft Access (made by Microsoft Corp.), various notes

and tables can be made properly, making use of data on the database by table-soft Excel (made

by Microsoft Corp.). This developed personal computer network system can be applied to other

kinds of industry.
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