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On-line System for Measuring Thickness of Hydrated Chromium

Oxide Film on Tin Free Steel

Keizo GOTO, Norio YUMIBA, Eimei ONISHI, Junji FUITWARA,

Seiji Fuyn, Kunio TsuBol and Masayuki IsHIDA

Synopsis:

Hydrated chromium oxide (Crox) layer on Tin Free Steel (TFS) is an extremely thin film, from about

50A to 250A in thickness.
and lacquer adhesion.
oped.

Crox film thickness is an important factor for TFS to have corrosion-resistance
An advanced on-line system for measuring thickness of Crox film has been devel-

The main features of the instrument are as follows:
(1) Spectral reflectance mainly at ultraviolet wavelengths are measured, and the thickness is calculated

from those multi-wavelength reflective curve.

(2) It has very simple structure, and consists of three main parts, that is, Hg-lamp, rotary filters,

and integrating sphere with photomultiplier.
turbances which occur at on-line measurement.

Thus, it has good stability against various kinds of dis-

(3) Measurement is done nondestructively and continuously.

1. %

ITRADDE -2 AT DT 4 V7Y —+ AF — )b
(TFS) 14D BB 2 v s (Cro) &7 e ak
FEgtdy (Crox) o Xx L2 BRE#HELHED,
BHEELTALHCLRTWAYY., ZDd5h, 7=
AR e ORER i fotk, Bt HERS bR
KELCEEY B IETEELREEEHEATHY, O
EXiz 50~250 A BEOCBHETHS. —D7r Ak
ANERL 4 D BB IS % 8 TE Te B P P R D fe Dy, #HEO
DOEFLEMELTEECER L L bY, BEORE
B2 RFECEHEERMC 7 4 — Xy 7 TH2 &0 TFS
DOEE EBDTEETHS.

WK B, Z07n A KMBLYOBERERMEFE & L
TRBEXFERREEINEL A DR T B 79,
HFEXHEZ 2B ThFEETS Cr JKFoRE
AOMmItedh, BEBEEICESTLES S &, R
HBHE LT MK OREAHECERE 7 » 2O E B
RELSEEINLZ LML, Wb+ vS 1 v ToOH

i

ERHEE LT RNEmR B TH T,
CDXSIHREITHT 5700, BELIA VITAV
CUIERAR, FEBE T UL LR X< 7 v AKARR Y
DR BT T 5 TE O L RL T & ch, EEER
EHRORA Y ER LR, ook r s LS
T FD L5 BRI S OIEINEC Y 552 &%
RH L. %o BEed < » o eFo e Es
BHFERCHGBR TS FEETHH DY, X KERE
LTABELTHE IR TV A, ThEToIDX 5
ORI IGH SR~ b iemn ot #F
ELIEBERTHE R EL S Lo, BERBCRE
bikie A v I 4 VIEERIERE - UCLERFE YR 2
ToEREABET A LY L, BEMEEERH
wml LU CEBRECERLTWADT, UTHETS.

2. B @ X B

2-1 RBRKE - A%
MR O HEH A BT TFS A0 K 4HR% BIE
L, REROWEEKEM L 7 v 2 KAER{LY O EERE

IBFn 58 4 11 H 9 B4 (Received Nov. 9,

1983)

* BAME (B E LR (Fukuyama Works, Nippon Kokan K. K., 1 Kokan-cho Fukuyama 721)

*2 H A () SMERS (Bl AAMY (BB BB« v s —) (Iron and Steel Technology
Department, Now New Materials Center, Nippon Kokan K. K.)

*3 H ARG (k) gk BT 38 (Iron and Steel Technology Department, Nippon Kokan K. K.)

*ORARME (B MBI (Bl BAME (BF) BER M) (Iron and Steel Technology
Department, Now Electrical and Instrumental Engineering Department, Nippon Kokan K. K.)

— 104 —



KV I Ay w KA A OBl 5 1089

MA A L. #fEMAERMENC 100 mg/m? B
DEB7 v sk 3~15mg/m? O 7 v s KMRILYE D
DE L7 TFS vz, Fig. 1 12 TFS oksa i
RCRT . 7 v LKFNER{LA D 4 B 3 BB fR R
DMIEXBEE O FHEOETRDI.. AEELIKEL
ORIRIL, £E 7 = 213 100mg/m2=140 A1, 2 @ 4
KABEA ok R LB d0 L LT 15
mg/m2=150 AD0 L\ 5 R ShTuV 5.

EREBEOBK Y Fig. 2 wRd. Kz H1XH
e v rAFy W) 5 v 7%, AR EKE (D)
5 v 7% AT 400 nm CHEMICTI VB2 5. 5XFR
v —F 4 v 2EAVGIERIC TR, Th
LEREERT S & L IO THERYBRINCEL I, &
2 9 =T v KR E HER (ALO;) EiliL %2
HielBE L TRIERIC ST 5 M SR MET 5.

Wi, AfROWEREY 2, BEEY L), XFROM
HREY PR b L, BEREF v IO RS ES -
RFER Rao,(2), RQA) L+5&, v AKEND
DD RHEHE I(2) RO L HI>CEINS.

T =L (2) - P(R) - R(R) weereereevmmvnmnnnnnenn (1)
—77, FEEW LT SO KEHEE Ta,0,(2) X

In1,0,(2) =13 (2) - P(2) - Ra1,04 () w+eveeeeeeeees- (2)
ThHbHld, MEIRCHGREER Q) ()R E

(2)Xn b
R'(2) =I(2) /1a1,0,(2) =R(2) /Ra1,0,(2) - (3)

‘ Hydrated Cr oxide layer 50~250 3/

\ Metallic Cr layer 120~160 KK
/‘L Substrate Fe \)',

Fig. 1.

TFS film structure.
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Fig. 2. Schematic diagram of off-line
spectrophotometer.
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Fig. 3. Example of relative spectral reflectance of
TFS (ref; ALQOj;, insident angle=0°).
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Fig. 4. Relation between normalized reflectance
Ry (1) and Crox film thickness d.
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Fig. 5. Variation of coefficient A(1) and B(2) of
Eq. (4) according to wavelength.
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Crox film thickness by reflectance spectra
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Fig. 9. Spectrogram of a Hg-lamp.
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Fig. 10. Schematic diagram of on-line Crox film
thickness meter.

Table 1. Specification of on-line Crox film
thickness meter.

1) Light source ; Hg-Lamp

; Rotary monochromatic filters, 1 800
rpm at 60 Hz

2) Spectroscope

3) Collector for reflex ; Integrating sphere (70 mmg, BaSO,

treatment, open ratio=7.8% )
4) Detector ; Photomultiplier
5) Range of measurement ; 5~25 mg/m?
; 10 mm¢g

7) Distance between detector and strip; 10 mm

6) Measuring spot size

8) Scanning system ; Motor drive for transverse direction

Table 2. Effect of distance and angular variations
in measurement error.

Variation Error
- +1mm +0.25 mg/m?
Distance +3mm +0. 75 mg/m?
+1° +0.25 mg/m?
Angular Foe +0. 25 mg/m?
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Photo. 1. On-line Crox film thickness meter
installed in TFS line.
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Fig. 11. Example of on-line measurement result
compared with off-line X-ray fluorescence analy-
sis value,
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Fig. 12. Relation between on-line measurement
value by Crox film thickness meter and off-line
X-ray fluorescence analysis value.
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