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Some Chemical Engineering Aspects of R-H Degassing Process

Hideo WATANABE, Koichi ASANO and Tsuyoshi SAEKI

Synopsis:

The degassing mechanism in the R-H degassing equipment was investigated by analyzing the degassing

action by single bubble as a model, and these results were utilized to estimate the rate of the circulation

flow and the decarburization curve.

Of the total volume of CO reaction, one-third occurs within the up-leg and two-thirds within the

vacuum chamber.
in the liquid metal.

This ratio, however, varies depending on the concentrations of carbon and oxygen
If the concentrations are rather high, more reaction occurs within the up-leg,

while higher ratio of the reaction is noted within the vacuum chamber at lower concentrations.

In deoxidizing low carbon steel, it is necessary to inject a substantial amount of argon in order to

attain a below 100 ppm level without using any deoxidizing agent.

Although the inner pressure fo

the vacuum chamber generally has much effect upon the degassing, significant effect is no longer shown

at a pressure as low as minus ! torr.
to obtain much splash in the vacuum chamber.

In removing the hydrogen from killed steel, care should be taken

The rate of the circulation flow is proportional to the 1'5th power of the inner diameter of the

circulation legs and to the 0°33rd power of the argon injection rate.

The rate of circulation flow in the

treatment of undeoxidized steel attains its maximum when a certain rate of argon injection, which

depends upon the leg size, is applied.

(Received May 20, 1968)
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Fig.- 1. - Principle of R-H degassing process.
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Table 2. Relations of leg size to resistance
coefficient.

D[cm]} L[cm] = KD?/4
100 0-449

20 130 0-486
150 0-512

100 0-661

25 130 0-710
150 0-741

100 0-914

30 130 0-970
150 1009
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RHBRBR A AEIC ST 52, 3 DB 1335
DERFENCEET S, Thi KO Lol THET 120 ,
5. .
| EDRIAIRIA LT SEHE T 5 % TORME 4 100 oL of L

sec, [MOVGARFDEIEE v cm?, # 2 DUPGAEE %

Gy em3/sec & TIIEBEHNICTFALT 2RO 11
M= Gty Uy =w+=rvrrreereeemerneraieeneenerenonnn (13)

KTELEINDG. FLAWOFHKES v em? [T

T = t]o fotl)v(t)dt P ¢ L))
ThoErE, HAFEE V cn? X
EEbEING. v (O)IRFEPRBREIOKEE LI LA

L, BIRBEORE L COR Hy ORAIC XD THIES
DM AR OB E LTERL LI DTHSD. —I
W (t) B AR TERDbEL VAL, Table 11T
LHHAFREROFHFEIZFTLC, v (1) OESEITA
5. b BIO o) WBEMTEEZRERE, ERAEAE,
RHOAD O S, PRSI O R E S K ORI L0 D .
4.3 BREEOHER

RS ICIGAENRENIFE LICoN T, LEWIIE
B L ANAE BRIE 15am < BV b, XML <
5. TiebbEHANKEREERED > LI 10% BERE
FECHEET 5D TH 570, HIRMORERKICEINCE
CRMOBIANEES VLD THD. &HAMEFE
D5 BAT% BB IICEINCE < 2 1EIER T KT BT
HDHH, TOWERRETHL»L, ARETE, 7
HRPICEA SN 2R SR ORICRIL2b D L
UCH AR R PRIRER L RIERE & OBfRa Rk,
FOBGRYEROEBIC OV TOERT —FiT X h#HIE
L.

RN &M AR R L 15 & 2k
S LTHZRD E Jv. ThaRRfE< 7odi,
Fig. 13 iz, WX 2o»0&EHICETH5A)R & A E
FEELTHELL. ZORI1HlE LT CO H AFEAD
AT OV T R EERNIRGE & [IRREE & ORE%
%, EEAMPBPT NTHERCEL>E LTEHET 550
FERFETEOTHS. ELDO3EROMBIIIREHH
nb BIBAEO FRENSHERER L ERNEIRTNE L O
Bmar LD »r 5800 THS. bl AT~
CEMOATE B TIRIA A TV A AT EBRIE DR < i
EYUREEOFE LERERLZOHIIHELL D, BH#ERO
SRR %D, okt x Fig. 13 AT
Do 3AEOHETHRET. SR TRDALDT
5. IhoMioes & L TRIBRERY LIEHET
W oup RSB IEHTEDS. LR -RICBRORNR

%?ﬂ /
(4]
80 \ G

/

/
\
\

v (litter)
8

40 /

0o
20

\ O

—

A\

Pz

0 100 200 300 400 500
U (cm/sec)

Fig. 13. Graphical method to obtain liquid flow
velocity (uz) in the up-leg and gas-
hold-up (V) with no CO gas generation.

B, SMREICTERT 5 C i3, Chick
AEMERZ > CREEC TR TOASDITHD-
44 F) FEENEBRORRER

Fig. 13 75, RKERHKEERED IS5 FzLpHIL
Fio, HAWRRAED 0°33F LG 5 & LA b D7c.
BikZEx B E Lo or FEO R-H MIET 50T,
radio isotope & AT L 0 IBFGEE A BIE U
Fig. 14 o X5 15t /min BEORH EE L Bl L
720, HIEEES &l h REVD, KPR L
72 1 Ko TP+ 5 EHmMEETRRCTRDb S
%.

W=0-020D1-5600-33 ([6)
25 -
L
20 >
— T
= )
E 15 /T/ P
20 N !
W= OOZ 0!5 600’33
5
0 50 I00 150 200 250 300
Go (NI/min}
Fig. 14. Measured values of circulation low rate

(D=27cm, deoxidized steel).
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Table 3. Coeflicient of effective sectional area,

7 %.
. :( ) __volume of bubbles in the leg )XIOO’

inner volume of leg

[O] G,=100 G,=200 G, =300
ppm N// min N!/min Ni/min
700 66 53 41
400 84 78 74
200 94 92 91

0 95 93 92

7=72L D: RESMNEE

Gy: EREERRRAEND Ar HADIRKE
[NI/min]
[ t /min]

[cm]

Wi RiEE
4-5 RBIESSRAMIBREDRFIERE

B LR AE L FICEI2T, IHILCOHFRDFEE
HERTNE, KREEMLEEOEIEE % * v i
HMEFORIMEEX AV CHEET DL EBTES.

[O]1=0ppm DFEOEMGLHE%Z o &L, [0]=0
ppm DL EDENE ur LT

Up=EUpg “wrereererrrririneenn (17)
EEDLLSBHDETH. T TiT &K 100% HRY
WRICERT S E LKL ED v 3X T uro 5kD
5. ’

CO HANRLBTRLET HPARFTE LK
BRELRD, EREAFRCTT S RBEROEE
MRTERLALD. ZOREERE LT, BRHTENOER
HEREEZROXSCEERTS.

v=(1_LE%Wﬁ@wﬁ

EAENEHE
Z Dy D% Table 3 THE7.

INLDEFRS IV g AV CEREEER

I g T ¢ 1))
BRI TEFHEESNS. Wio 13 [O]1=0ppm Kk 5
WIGEE THoT, (I6)RicThRobLNS. ERIC LD
T, WIRERENR 22, 27 X 32cm OB RE
L, Fig.15, 16 X0 17 iiRd. HbodEo> b
[O1=0ppm Dph#IEF v FERITET 5 2D TH Y (16)
R BRd7z.

INLOFTEZEROR YU ATAET TS0 D=27cm
DA DEEHERE % radio isotope AR X VHEIEL
TRERW L R LT Fig. 18 iTiR¥. BIEER M DK
EREEFHOUILOVT VB, MR LEIO]=
0, 400 % X T° 700 ppm DEEFHIT TR 5 FHME & Ll
LT, 279 X<&>TWw5. ¥z, Fig. 19Tix3giko
RIS DT LEES 200mm, FEE 270 mmois

)XIOO ......... (18)

EOERFER LERMNS 2355 mm T 5 ERKE LR
T ZDXOTERBELTHRED ABRVE L DA
W, TOFHRNREZAVTRIKEZHEEL TI W &3
brs.

ST Fig. 15 Z2RNEHF ARZHEELXARELLTD,
HIGEEL 7L ey, & i BEERRE 500
ppm Ll ki s &, Tr L AFHEROET DD, 5B
FORESRDT 5 Ea5br 5. BifE? 22cm 12ED
NSV B O TREBEMEER 14t /min DL EIIALR
WL L, EENKRELRD D=27cm DFEIIZCO
HADFEE X 5EERE TIXLEND7L L, FR
WGAEE & 8 e S D BRGERE I 5.
DA TDH 500 ppm LU EIZ7e 5 LER FEE D (£ TR,

25
20
0] ppm
400 500 L
<15 \ R —
— ——— .
s 03 — T —— |
ot 200 &\& .
* 10 o el \\
0
) / \ 200
5 .
7 \
D=22¢cm
|
o}
50 100 150 200 250 300

Go { NI/min)

Fig. 15. Estimated circulation flow rate with the
up-leg diameter of 22cm.

30
400
(0] ppm 500
N 600\ | 700 600
//-
el 4007 =
< 300 / /
:E 15 //5
- / 200
> /7 o
10 //
5
D=27¢m
0 |
0 50 100 150 200 250 300
Go (NI/min)

Fig. 16. Estimated circulation flow rate with the
up-leg diameter of 27cm.
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RHBEFER T AEIC kT 5 2,

3 o fig i 1337

40
(0] ppm
35 700
600 ——1 —
30 ’/// ///
%0 L7 |
400

25 ¥

£ - )

§ . 300 %/

N —

200’/
15 //
10 //
5
0=32cm
o [
0 50 100 150 200 250 300
Go (NI/min)
Fig. 17. Estimated circuration flow rate with the
up-leg diameter of 32cm.
30 T
L ]
2 Q_pe™ ‘l
(_O]"{O —\‘><’/V

T T YT <

E . 1 /

3

Eo]=o// 1
10
/]
[
S
° 50 100 150 200 250 300
Go (Nl/min\

Fig. 18. Comparison of circulation flow rate between
measurement and estimation with the up-
leg diameter of 27cm.

Hivd. BFRREAEVEAITIRIOEE R bRE <

THIDDOREN AVGAREIFIET D LhBbh»b.

mEER 2S5 RkKELL D=32cm i27 5 L S HITK

WOFBILNE 05, ZnHLOE»L, BRENE:S

HfOEFE Okl & Oz sk, Fig. 20 12779 #%

ABRFOEE I B E NEOH/ N>R T 2Tl L

D=15cm Tit max W €0 ilfiffisnsd. FFEE

BTRIOIS NI RERETHAVIZEA

B, W

BEPEL B2 bDiin sl EBFHEINS. LE

Up-leg © 20cm  * High corbon
Down-leg O 27 » o Low carbon
25 |
S
Q
20 -
L —
? 15 :; ‘// —
E e L
_'a00 °
(‘\ @
E 10} QQ
{5& |
5 :
0 50 100 150 200 250 300
G. (Argon flow rate NI/min )
Fig. 19. Relation between the circulating rate and
the operating conditions.!0
a0
30
=
E
~
Z 20
N /
%
€ 10 4
s
/
’
s
2
o] 10 20 30 40
o (cm)
Fig. 20. Relation between up-leg diameter and

— 13 —

estimated maximum circulation flow rate.

160
I3 140 *
&
s 120
S /
' 100 A
S 4

yd
& 80 . v
5 Vs
3 ©0 e
5 /
'% 40 4 e ¢
B / »
€ 20 * .
é Al e
< .9
0 200 400 600 800
(0] ppm
Fig. 21. Relation between oxygen concentration in.

the up-leg and diffence of carbon con--
centration in the up and down-leg.
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FBLICZ LA EEBE L CHBf T SRRSOk S X
X 30cm DAL NIFEIERTH S S.

5. LRBCHBITFIBR

Fig. 2 L4 @EORICE1F 5% [C1-[Clp & [0] &
DERZ KD T Fig. 21 TEE L. BiEICE Wi
TN FEOSEF P LML TERDTH D, FEH A
B #HAGAEE, LRETHTCORESHEELSIUT
BETH COREEFESLIIIE, ThLHOMOME
WX »o b, BIEELHETS L8 TS5,

mG,
pV:18680([010--[c],,)
72721 Go: Ar WAKES [NI/min]
m: CO/Ar -1

et eee (20)

[C): LRENREIRE [wt%]
LClp: TRENKRERE  [wi%)]

ZORDHDELEZBIEL, WaskoniE Fig.22 o
ELTHD. ZORMEE Wt/ min] ZFMEE u
Tem/secliziiB L, Fig. 23 585 CO/Ar %k %z
ERTEBPL, ThILT VT v HARREE G, &b
T ZnIRQORD mGy s s. %7= WL LCFig.
22 DfEzBvhIE [C1-[Clp ##E T+ 5 LB Tx
S. L LTKDAHEME Fig. 2l FoBEBLE 2 F—
HAInelE Fig.2d 0L ThH5: 2hoDMick
DoEIEh T, 1ofERITEhFh,

1: EAENTArQEERETS CO Sk X B8R
I :EEroErickisin

DEZRDLT. ZORFLLERRECNTS I DX
[OliTx LAgRHiE Fig. 25 #8%. Zo@»5,5
MPOBEEFENBRVEACRERRKIELALHE
EHERCHEC T RbR S b DB S, fillick 5
ERENTORREIIE LD THLNT L2855, i

100

80

60

w (1/min)

40 =

e} 50 100 150 200 250
Ga (NI/min)}

Fig. 22. Circulation flow rate calculated by mass
balance.

MESEEVPE L LD ONT, Al X 5REOLE
ERk&EL{5.

CNHDT Liph, BRRZEREVGE L EITIIIEME
b Tvd B ARKRALZ EETH D, &K
ENSELRD L, HARRLOBIIAE B DED 0,
BLD, FRAEEVNE,»DSBICWAS, EZERANIC
BIARAOERILHLRATS v 2% +THX51L

200 T
b r=05¢cm
100
80 ™\
oy I AN NI
: ‘\\\~ Q>
40 ™
L)
20 -\ \% \\
AN
0 No NN
80 -\ N\ \\\\
&0 \\\ N\ ~\\\
als o SHEANAN
Sl 40 \ \\ \\ "
20 \\\‘ \\
. <%§ N\ ,
0 ’
{;8 \\\\
06 \\
04 \\
\\<@\
. S
o2 \\\

ol
80100 200 400 60080OI000 2000
v (cM/sec)

Fig. 23. Nomograph for estimating CO/Ar.

) s

100 4
Observmion\/7

50 1
// /<Ca!culcﬁon
I
Bl L
0 200 400 600 &co

(0] pem

Decarburization in the up-leg 23ppm 339%
Decarburization in the
vaccuum chamber etc.

[c1-clo ppm

\

- —

47ppm 67%

Total 70ppm 100%
at [O]=400 ppm

Fig. 24. Explanation of CO reaction sites.
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BRI & R BRI & T 5 2

» 3 o 1339

100
2 el
8 80 P
= v
> ’
o /
/
O
T 60 4
o
e
|
£15 /
- |
£15 40 /
5L
L g @
s}
O
r§ 8 /
Q2 20
e )
i)
[an] 7
”
el
0

200 400 600 800
0] ppm
Fig. 25. Ratio of decarburization in the up-leg.

REI PRSI KRECEBDND.
6. F )L FRALIRERFD BiKRHIFR

IRETRES LTREBRMOLEIC ST S CORG

WHOWCEDELT &, ZOFHER, CO RISIZIRS
5, PWEHIR E A —HEET ST, oV RO
IRFERBBIZOWTHEALY .

K[EPBEMP 2 ZEL T GBRRICE VT, KEIK
#WPAFEAELTL 55, ZOFARIYRBRMPOKE
GHENEZLLDIZES L, B—RQMICX>TH#ELX
R, KEEGHEEOVTIERCET 5 LAb2rz.
F7z, MIIGBORE X CREFT D EoFRLEL.
BEMNTOFE T Fig. 10 2R+ 0 & TERKRKR
FER2E-. MRTL 0001 atm ZFEHAE X LT, £FE
O EHNE P o315 FEREKE ¢ T, Zhi
Table 4 OTZETH5S.

IKEFLE D7D D reaction sites & L TIFKRIEORE
Dshic, BEMNICRELAEATLT v & =2 OFRMEK EH
&U,#%®ﬂ LD ENHDEBbNEA, Th

HENREETH D20, BITOEE RO X 5 IT{HE
?5.

Table 4. Coeflicient ¢ for correcting the influence
of the vessel inner pressure.

Pylatm] 13

0-1 0-198
0-05 0-350
0-01 0-752
0-005 0-870
0-001 . 1-000
0-0005 1-027
0-0001 1-056

éfh%éizw%rﬁﬁﬁﬁf@fb%é&
--(21)
Tichb, @R4AKEER Ar [EEL LT DF40K
FEOafEL LTEELY DD ETS. al3EERIK
DIREFEIC I OTEELERTHS.
TDOXASICEE L a L e BHAWVT, BARHEIZK
OB FHRRICIOTRDL L EDBTES.

A 968100 B s (22)
2L [HI: oK RSHR [ppm]
Gy: 73 UHOARE [NI/ min]
w : FERNTEIE [t]
ro SRR [em]
¢ [min]
BHLT
aeGot

[H] =07 —[H]o~ 077 =2-06X107%= == - (23)

ARIZE2T, aZXolEr oL Eb Hiext LT
[HlpZ bk & kg Fig. 26 o2& {TH 5.
CZORIC X RIE Ar FEER S LCIRAKERTRS 5
AT lppm DITIWKREZ T 370D RITarAEL
THUVERD S, Tihbb, 277 v valins0M
KREILA G BRI LEFDHD.

IKEESFEI WS WT, £ Fh 7, 5, Sppm7g
LB TRLOFRMT 1ppm L TRIAKFESNLICET
HEMIIRD IS THB.

[Hlo= 7 ppm MEERER =236 min
=5 =215
=3 =173

7272 L, Gg=200NI/min, r=0‘5cm, Py=0'00latm
w=100t, a=4, =1

L. ZORETIIa=4 & L2, EEREETOIK

b5 a ZkoE Fig. 27 @WRT0EL a=2

THHT ENbrb. LOa®FELVPIRLTREL

THPPLERIETHSHS.

7. B OR OB O

IERPNT I\ T A T FEE 2 HtiviA L iE 8
FIZ X DS, SEeNEGT 5 AT TILE»D
ENTUVLWAD, L2 T, 0L EMOT TR
DX SIS RN D

4N Waow—mn D
t
7L, [0]: TRNEMOMELTTR  [wi%)

[Olo: THENEBMOBESTTE [wi%]
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T, IEPEERT>T, HHR% Fig. 28 it

W : IREE [t/min]
L5 EREENTE W 37 VT oimBPHBES
FEEEMBENERCHY, BECRESTERVD

7
S (HJo=7ppm oo Total dehydrogenation F. 2FEL, a, BREKDIIICESE L.
E 4 Dehydrogenation in the up-leg i . .
§ Ll " = o1 LHBE=a X LRERBBE o>
T L a., =000 am s eeveeeee (25)
EBRURE = B X EiEARIUEE B<]
creereeeeeiens (26)
Bk ICDETOEBE ERAEAR, TREH
v PRI THB 2 RE L, RELIVCEESHEL R
3 RIDEIE & X ic X0 X 5 ek bk Fig. 2
& WWRLIS. ThbHDdb, alkco LRERNER
= AL E B Fig. 28 ~&fR L, HEim L L
BR a/B=5 ThbLEMING.
D a/p OERRRERNE D=27cm, 7
T ANGAERE Go=200 NI/ min, IREMNZEH
B W=100t 5TV TELNILLDT
5. LHL, a/f OMEIFTDXS RS
& LT, ZbbhbDTHS LITETIIL,
T a/B=5%tHnT, Fig.28 %5/ & & LRAKD
2: FHEIL LT, G IV D Oflx O tbE
W U TR 2 HEEET 52 &8 TED. 2O
s L = . . X5 HEERDT EE 4 OOFITOWTITRD
I
L . ) Zf%moo 17,9nin 290'5cm 6,0 . Thabb,
? ! > ] 0 . ‘560-;200 lzlonlin E.EO‘SCm ,30 1) Ge=100, D=17"5
) 5 10 15 20 25 30 35 o
é é Go'T'OIOO I /min /ll;O‘:‘Scrn 2) Gy=100, D=27-0
| Go =200 7/ min r=03cm 3) Gy=200, D=17'5
Time {min)
Fig. 26. Dehydrogenation curve for deoxidized steel. 4) Go=200, D=27-0
(BRI D Go[NIJ/ min], D[cm])
8 TH5.
4| 60=200 Ni/min HEMEZ Fig. 29, 30 TRT. ORI L. BMEEE
£% 900 ppm 75 200ppm F CIET 570X, £
I\
-~ 5 oy
N
& al 5\_\(\ 700 | |
- Go =200 NI/min
8 \\\.€§~ 1
T 3 \ o= <o €00
2 . P— \b\m:z
—] 500
l T~ NN
o 5 10 15 - 20 2 300 AN
Time (min) 200 \ g
Fig. 27. Comparison of dehydrogenation curve ‘\
between measurement and estimation. 100 -
-w  BRBNEE [t] o] 5 10 ' 15 20 25

Time (min)

Fig. 28. Decarburization curves of measurement
and estimation. '
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1000 7 T
Go =100 NI/min
\ a/p=5
800 \\ W= IO(??
600 .
£ N
a
=) \ -
400 ~
- \t: </
/7’5Cm
O=
200 *27 gL
(o]
5 10 15 20 25 30
Time (min)
Fig. 29. Decarburization curves (No ).
1000 v
Go = 200N/ min
®/8=5
\ w=100t
800
f
600
£ V§
a \
-/
& 400 \ N
\ Os />,
Nl
200 o —
0:2 . '\.
?OCm '\
0 5 10 15 20 25 30
Time (min)

Fig. 30. Decarburization curve (No 2).

Table 5. Degassing time.

Dlcm] !
. 17°5 27:0
Go[ NI/ min] T |
100 33 min 28min
200 22 17

n#Fi, Table S TR 2 & SGEEMNM LD, T74b
%, mFAEAEE 17'5cm 5 27-0cm AE<T5
72T, #9 Smin OBFERMIER LR, T VT T A
WA REE % 100 NI/ min 78 200 NI/ min 288+ 2 &
mXoT, ¥ llmin OEHELD 2 EAEEIND.

=T, Fig. BIZR LT EL, RRFWEIE D HWIA
IS B COH AFAEEN S VL, Fig. 31 Wiy
EE 2N AVOAERIC X B AR A REI L. T
b,

1 # AW5A, FEE 130ecm G, =100 NI/ min

#

2 H AYGA X 80cm Gp,=100 NI/ min
&5t 200 NI/ min

Free surfoce

N
80cm

130cm

Up-leg 2nd nozzle

Ist nozzle

£

Fig. 31. Schematic expression of double gas

injection.
1000 T
D=27cm
800
¢ 600 \
o
[=%
—_
S 400 AN 2
N
G L mi,
0 3 in (S L.
200 /Oo‘/ NGl "-,]ecﬁo‘_, )
Ny
" (Double injection)
(0] 5 10 15 20 25 30
Time  {min)
Fig. 32. Comparison between the single and

double injection method.

BT ELWGAATIEE E, 200N/min D 1 BZH AWK
RABOHE &L 2 RA AR BLDK) RHs boh>
5. rhibzker ¢ Fig. 32 iwaxt. [O]=900ppm
5 200 ppm T CEEET AT 2 min DS
T &E BT Ehbnor.

8. & Ed

DEOBERERIETDI EROTELTHS.

1) BBEEHES 100ppm BEICAD &, RRRIG
OEEIEEF L7 b, R AZETSE 57D VIEH
EEO 10~20cm < SVOERVEI» HEED HARK
AL & I

2) [T E SIS U TRIATHE S HghE L3
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XL, 7/ ANORKRE EREEETS.

3) WMEME < TABCEEET 5 K B0 ES N
ERELEV. SBOERERD S LEREOES N &7 5
DI L 10% BETH5.

4) RAHEZ BT ETHETETL CORLEDOR
BT, REESVE 80em AN H D, I IREE
MBEVREINVTED L, KEORLIEL, A
ADMEHHHE LAV, TNRLOEESR BT 5
2T ARBLBERNE L OND. E1, BREERY
KELLT, MEEAXLED, TRESBEDOH R
ERAATHEZFAET D2 L3 E26N05.

5) EZEMPNDENIES ARG S BB
2, LOENBAH RS S BB i 5.
FEH 1 torr iwichig, dRLENUTIRENZ T
THES ZARBE SN, Fiabb, BEMAER 1
torr LR ICAEIUE+STHB.

6) %KD R-H MIEEOBSERET

W=0-020D!"3G 033

72721, D : BENE [cm]
Go: EEZFITRAL Ar File [N{/min]
W BORE [t /min]

Tk shs.

7) REEESMO R-H QB ORIHEIL, H57 v
TUoMED L ERDIARELRS. TOMERERTE,
R[0T, [ClICX2TRLD. XORKMEIRKRD X

STH5.
BRiENE [cm] 22 27 32
BEREEE [t /min] 14 23 34

8) Lz imb, REEMLIEL LTS R-H
REORMEDONRII A &3 15em Bl R FhiEie
L7s\v. F72 30cm DL ESHNITEENTDH 5.

9) BmofTichh 55tk [0]=400 ppm (F7:
V¥ [C]=300 ppm ) =T

EREPRRK 33%
=Rcy Eadaling 67%
=t 10094

T®b. ¥/o [0] (F7213 [C]) DEBRIZHIDEL
ThiE, EREOLHDZEENKELKLS. [C1=100
ppm BEEITAESE, EEHOLEDLHERKEVR
L, BEMEZRELT2OREHTHS.

10) * v FEDBIKEITOWVTIE, REDEEEET
i, LRERTORKELBEEENTORAEIRHL ¢
1TH5.

1) MBEREEZRKELT B EPREEREL LS. &
EZVE [O] % 900 ppm 72> 200 ppm 2§ 51Tl Go
=200 NI/ min OF-E&THIETHIE, D=17"5cm Ok
% 22min THYH, D=27'0cm D¢ X 17min &7 b,
S minDEHaLLDH. Fio, HWARARZEINTS LR
REGHAE 25, 72 & 21E[01% 900 ppm %> 200
ppm T 53 D=27'0cm DPATHETIIE, Go
=100NI/ min ® * & 28min TH 555, 200N!/ min
FhiE 17min 12729, 1l min OEEICKS. H 2
2 2RKAL TS &, b an bEEfOEREE TR
5 5.
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