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The Development of a Moisture Measurement System
for Blast Furnace Coke
Hiro AMANO, Hiroshi NISHIKAWA, Shaichi HORIUCHI and Hiroshi 'TOMINAGA
Synopsis:

Conventional neutron moisture gauges for blast furnaces have poor accuracy caused by a measuring

principle itself, that is +2wt%, when measuring moisture content of 5wt%.

In order to solve the problem

of accuracy, a new method of moisture measurement for blast furnace coke has been developed, using
transmission of fast neutrons and y-rays from 2:2Cf. In this method, an organic scintillator and pulse counter
system which has pulse shape discrimination properties are used to detect fast neutrons and y-rays sim-—
ultaneously, and it enables the measurement of moisture and bulk density at the same time.

A moisture gauge using this method shows good linearity over a wide moisture range permitting mea-
surements with a very high accuracy of +0.5wt%. Further, it can measure the moisture of coke accurately

even if wet coke and dry coke are present in a mixed state in the coke hopper.

Therefore this moisture

gauge is suitable for blast furnace operations which aim at precise heat level control.

1. %

PR B\ TR BEHR 2 R Lot JI S A < &
BLTWwS., 20OFRThH i, XBExFHALr v Z 1
VERREZEHE, 7 e v AHEOREE R LT L TR
e, ESAEEMORRCHIELVL0NED, H
EEENBIERED +£0.1% wET 5EBOFALL,
bR Twa. LaslLiass, BETRCFHIAT
Wb TR G A IR EORIE) DEESE
<, Bl Emipa — 7 ARPETRHOHE, 5wty
OKSPEREDOREEN £2wWt% b H o, FREEOMR
(eI A EFRECLER A EECRTCH D, BE
ME2 302 BB SO, T OLDTH L TR
EThs 2Cf (# ) x1=v2a-252) ZFHL, *o
HEXENLT, HOEROBET KRG E L BT,
HIE R A 8 EL A 2 BB RARNC — 3 L - BdE R oK
ORI ABER L, # AR =y ABRERER
DERDOKH S 1952 fEi2h ) h v =T RETHRRA I
PHFHEETH D, ToORMITETHH 220 ThkT
BREE, BEFERRO BT, EROPHTRIEL DI
ERTSNRTED, HhoPFRICh{FABEH 5
BEOCMID I BLHHETALVCOIBE LS. O
Ex 5 ¥ AL r BT L sHERESYERTL

i

X, BIEREE £0.5wty ORREEYERTS
EVRLEN Ute. A BT A R foR e XD,
EFOFBEBICNIETE S L & IS, EROKDT
REBERCY v 7Y v ORBENEL Y BEMERSTE
v ey ba—22¢ CD.Q.(2a—-27AFZ71 7=
VvEv ) LB FEIAa -2 ALORAGRETD 2 —
7 AKSER LT SRBECHET A ENFETH
%.
LTS ST o1-HERREORRY#MET 2.

2. WRBANEOHEBR

R DAL EELE IR B EEY A ATk D
HYE L LTER MAmM-Be(7 2 ) v A=Y ¥ ¥ 4)H
% fFbR TV 5. #Am-Be i FRED DI S h
feex L F —-DFCEERPETI, 2 -7 AFOH LY
LEFLEET LA, HBCKERTFELEOHEC LD =%
¥ —w&E, PREIOHEE, SEPEFIE=FrF
—pEGWBETIC S, oSBT ORI, Bk
Bhi-h OXFERFOBCZIIHAL, EFEEIL—ET
bhudz— 7 ARMERDC D OKRSTHATS. K
DKFEHE, 72— 7 A&y S ORBECRE S h Lo
BEFB LSRR TFROBRIC I, 2 —27 ADK
BHEETOTVAH. TDRDRIETRT 4 OOMBERLDH

A 58 48 12 B 1 B4 (Received Dec. 1, 1983)
* Ak (M) B #iA S (Plant Engineering & Technology Bureau, Nippon Steel Corp.)
*2 3 A RISk (M) BB PT (Kimitsu Works, Nippon Steel Corp., 1 Kimitsu Kimitsu 299-11)
* (B) BIZ 8T IE 13 (Naka Works, Hitachi, Ltd.)
* OAREBEFHIBE T (Japan Atomic Energy Research Institute)

— 244 —



B 2 — 7 A KA EEIBH OB R 1229

D TDORBRBEBE L LTI £2wty (6wt K4l
ERF) LIEFTE LD TH DI

1) BIEBMERD, &y W2 —27 2AFEEOH 1 %
Lanicd, v 71U v 7EBENKEL.

i) = — 7 AEFBEOEHOHELD .

i) s~y DA FEE - (FEHOEENDS.

iv) (K7 CoOBFHFEHED D7 < Bahgatak
DGTHEENKE L B,

3. BREEKDEFORMENSRE

3-1 AERE

FLWKRDEF BB L BB Y R, D227 2Y)
Hoedm L CEBL, o0z — 27 2%%FBLTL
% 20 2 HEFFCHE ShifT b r Bo R x i
TAHHERUOFEE A H\ 2. Fig. 1 kEBER K
DEERR A R~ EBBESS, BEE, ROES
MBEERE LR IR T 5. 2520 b X hi:
EOREPMET L BRI, BEABHDC T2 4 — b X
R, by SOPFEEXBLT, &y SAND -7 ARFFE
HRIEALERBL, BHBCA L EZH A AL
Iha. oW ny AFHEBCTHBEIR, £h
Ehony va TaEhs. £ UTHEHBELR AT
EREERACE SV ESAUBIC X b KOENGTE SR
%. 22Cf hEFRIEL 0 i S it BT & 7 1
i =7 AERT IR h EhER 2 — 27 2K
SORBEREFOER LU0 2 — 7 AEBECHIG L TR
T5. T, 2—7 ADERBEY o1, KYDOEBEY
P2, 2— 27 ADRDBTEI % x, KHpoRIFEIR
X2, ENRAPEFE IO 7y o= — 2 2, Kix3 2RI
BEAEZRLN fny Moy ry, Pr, ET 5L, EES

ey Detector
7-rays Photomultiplier

n-r
Discriminator

r-Counter n-Counter

T Nn

Micro-

Processor

Moisture
Fig. 1. Composition of neutron moisture

gauge.

Bt RO roFrh FhoWEE2BEB LI L EOWE
i3, HALBECEWTARRNTEIRS.

AR T O EE

exp[__ (ﬂn101x1+ﬂnzpzxz)] ..................... ( 1 )
T ROBHE

CXP['—(#n(hM'F#rZszz)] ..................... (2)

L, BEL 0 INEEEREFERO r RO %E
Npy RO Nyy E L, BEBHIO » v v OFEIE
% Ny, Ny b5k, didoR(1), (2) Xk
TEIh5.

EE R

N,=Np,-K,-S-T/4wR-exp[ — (ptn, 01%1
+ﬂn2sz2+#n3P3xs)] (3)
7 RRETHL
Ny=N;K;-§:-T/4nR2-exp[ — (ur,01%1
+#r2pzxz+/1np3x3)] (4)
K, : EEhFRESR K, 7 BRESER, SRk
BETERE, T : WERE, R BRI SRHEERE, 2,
EEPHET O 2 — 7 X A RIVERE (cm?/g), pn, ¢
B R T o KR+ 2 RINEREL (cm?/g), fn, : R
i T OFITHT A RINERE (cm?/g), pr: THED =
— 7 ZxT BRINERE (cm?/g), pr, 7 BOKEK
T ARINEREL (em?/g), pr,: 7 RO T HRINGR
. (cm?/g), o1 2— 7 ADOHFEE (g/cm?), p2: KI>
DEFRE (g/cm®), p3: GOFE (g/cm?),
7 ADRMHFIEZ (em), x5 : K5y D BB (em),
x3: Ry 54 FEL (cm). '

I Tk o SRIT 2 — 2 ADMEWREO BT RO

T IO A TN LR Npay, Nra, £F5E
Nyaz=Nny-Ky-S-T/4nR2-exp[ — pnaps*sl

X P 32—

e (5)
Nypgs=Nro-K;-S-T/4nR2-exp[— pty,03%s]
ceeerrerne e seneens (6)
LEIhB. (3), (4), (5), (6)XxD
iz ] o)=Ltz Lo
(TYRX Y pix1, paxz HRED, Koy M(WtZ)id
M=pzxz/(,01x|+102xz) X 100wt% .................. (8)

CEXhRES.
DEoEBYRAVEZ ECED, RO EXFREEL L
5. CRBRRERBKSHD 4 SORMBEEL BRI TE D
PDTH5.
1) ko 3F— ST, YA 2 — 7 ARG EHE
BEIET A LI LY, &y kD2 —2 ARG DF
BfE%ERD 5.

— 245 —



1230 g L @

# 70 4 (1984) £ 95

i) EBdEh#ET, 7 BORAXMET A ECLDE
BEMEY LK BEEXTT 5.

it,100ﬁm$?,@—¥%%ﬁﬁbf<é%ﬁ
Ty MEBEARNGRT s Xy, EfRE
HEMEYTTZ5.

i) = — 27 AN EEBPET & r OB R
FBTHIEWLLY, o F7 1 TEERS IV EDDOE
R RIE Lo RO BERIT .

iv) FHRMEE O HEKFBIC BT, EEpET
FIVOrBoBEBENE Iy, Hat@BEsr M3 < ik
%.

3-2 Nn— FEMOFE

3.2.1 FfFHE _

w2Cf (3 AR B O K EEE T, B8 2.3x10°
n/mg &\ 5 BRTHFETEHRE L, THEFHCEL D
MESBHCESCTEELPETRELTHE S L Tw
5970, CORBEOBRRIERIVFEHRIRTVS (a,
n) 74V r—7EEFRE fE MAm-Be X
THHARE YL OhETRERIEFFCE o/ N
CHEEHOPRETFENTRC IS Z L THD, F i 920f
hHEFO= I AF P —2713 1~2MeV ZHbh L
DOFEH=ZAF—13H 2MeV THB. #Am-Be D}
SO — 78 3 MeV, g 4~5MeV L X35k,
s2Cf fEF o =2 AF —1E #2Am-Be D% L % 1/2
BETHLY. FoC Fig. 2 KiRT X5, Fxidk
LRFE L o TR A BERINAR O LA = 1 1 ¥
— 2MeV L 4MeV THET S &, BAIHN3, BRE
¥ 2 Liebp, 2Cf 13 2Am-Be 1 Hh N K RIE
CAEFTHS. LIAHT r kT2 HERIIAEIL
Fig. 3 wT &k, 0.5MeV ko fpEriiE=
FAF—FER T WEC LB ZR T DL, DD
CHEBEI¥-IEFREOMECHL TS, Lil,
F PO RED HH I RIEEE D KEWwZ &, D
9 y ko F—13 koBHETEVCEAFE TR
5. ZDENBLY B0 T HNE ORI TH .
m2Cf P CIIROH v 8L DBERDO 1 WA Ky
THb, 0.5MeV BT DE =R AF—-2b ¥ MeV
DEZFAVF—FT =3 AF -0 @FHLEBEERY T
BOMiE S OTA. iy BB HETFO LR
e . Fhek L M Am-Be FFE T *Am H
B HOE= 3 ¥ — 7 8 (FEE LT 60keV) wHH$
20 BINEES A E OBEBEE 1 mTiE LA EBRE
T+5. ¥, *Be(a, n)2C OBFIGICHES 4.43 MeV
DE=IAF— T BERET A, £ OB 3HET O
0.7 £29 Uanielo.

Mo
- ST
-

T T T r I3t

r —C

— SiO:

o.o1 | PR I T | L | ) |
o] 1 2 3 4 =] <]

Mass absorption coefficient (cmi/g)

Neutron energy (MeV]

Fig. 2. Absorption coefficients
of neutrons.

1.0

Mass absorption coefficient(cn¥g)

0.01

Energy (MeV)

Fig. 3. Absorption coefficients
of y-rays.

3:2:2 FEF - r BOFG

(1) #HmHEH

BHiZ L LT NE 2B %y vF v— 22 BALL.
NE 213 ¥tk v v— 2 3EEFHFRESE LTRE
SE X p ERETIZA L ELRLTWAS, FehT e r
BoOPHAINC IS TEREEEFOTWS. Tiob
B, 1OV YBELETR X B REoBERRL
rpfE T o KBS T X A REXOBWMERE X b dEID
AL AR BEHOER YRS D. Lic > TEERG
EgEERTs o X, BT E r o RFIATRE
Zith.

(2) BRHBIOFHE

WAL E TR AFED 1 DL LT ANAD TS

— 246 —



B 2 -7 ARSI MR ORR 1231

AR 2 SV APEEBCER LU TERRR > 7 5 4
A RV v VvFLr—2DRKILT + P ATER
RAACERINY =77 v FCHEIBIRS &+ L
D, BREOBWMBERBOENALADYT EDERE (54X
ZA4L) OECEBRINSL. HDOTFTA4 X824 &-F &
BB L 0P HEET L 7 BOBER OB A S L AP EO
ECEBRL, vV INF 2 VRAT FFAFERNTHE
BMANEITS L Lo hlT, 1 RO A AREBSL
ENTED. TR A A-WEERBEOBEE Fig. 4
BOr Fig. 5 @ X>CHMATH. ANAAAREBIES A
v DL 7, F%x—2hiz bh, WEx & 2
AAAR 2 v v — 2 TR ET 5. OO
(3 Fig. 5 iR X 5 1CBEE- 2 v 2 D37 kh E#E(UP)
TREXLELLOHED 2 1 3 v 7RI YThbh 3. =

Comparatorq

Outputt

Mixer

/ Output 3

/.
Output4
)

Input
o

{

Time to pulse
height converter

Output 2

Compar ator 2
R8

Fig. 4. Circuit of risetime to pulse
height conversion.

InDUt pk
DL

Delay pulse

Output1

Qutput 2 Il

Output 3

Qutput 4

Fig. 5. Shape of output signals.

hERBROERKY S 5>—HEBELT, R7, RBo7 , 7
F =2 OBWREEEKREX L LOTEL L, TOfD = v
U= 2 TIBEA LV ADI Eb TH (LP)  CREEMT
bhb.

IDL5Kk2DDa Vv AL —2OHINIEE R L A
D, YEOVDOTHE LD 214 vrrRET Az L
T2 BIEANVAIATI ANV A LR —DOFEHTH B Z Lo
BATIAANAD T A R A4 6DPIEIFTONSE Z LT
. ZhBEED 2 voav— 2 HNE, {Fy--BERT
FHLEED2A I v I70MREE l o201 A B E
L, BRHE-eg B cH¥mcE;L iy |+
Ly ATIANAD T A X 2 4 2B LB 08
bhaziicicsd. coXFRLCIhE, EEORTSL <
WA LT~ EDOHRTHRE LI VA TKERY &
B, FERCEREY 52 RIS BRI
BET 5.

4. B R B A&

REMEOR BT AT, 220 OFHTRY 1 #
OHEBEERBAY TV, TOXKEELFAETLEL D
<, Bgo~E & RHEDORER, n-r AHIEEOE
BER & FRIEOBMR, SHRORERME, MEASH
DS, MFEFABEME SRR =) £ — v 2 vEDBRE
BRDDHTATVEEBLIY. FORBECEINT, &
Eapeh 3pEl - BUEL, 47 54 VIREECORB I RE R
B, EMMERERBIC L v Ky BIESESEED +£0.5
wty EEHL T3 L, BERCHEDIWZ &%
R L.

BB T, BHISR, BRESBRO Ky Ar—
PR AR L SRR ORBIERE Y A v 5 1 VRRBROKE &
M UMBERCEEY LT, BERRELTOL. ABE
BRNTOKRSROEFREY —RCT 5 DRIEEEL L
THEERRO 757 » 4 P RERUEERCINKTS
LIy kKR, 757 -4 BAKEEY B2 D
CE LV EBEKELXELIRT TR ZhOKEC K
O HEEPET, v MO EEIE L. KOERREE
BN E b VT Y v LEEERO BRE RSO
SEfEAE A L. Sl T, r ok s BEEK
o BIESBEL D, HRACDH EOF BERET EET
HT, r B chZho BERIRAER Y ROER
=0.06288, p,,=0.1644, 1, =0.04583, 1,,=0.05835
Ll Dte. RDIC tny Moy Hryp My, DEZHWT,
LR TELNIHET -2 IV ERKRRO S5 7 » 1 b
LI HRRIO KRS EHETBE UIckERY Fig. 6 1R
Fig. 6 133BREOMEL LCREE (1~13wt%) i

— 247 —



1232 gL @

& 70 4 (1984) # 9 =

*
=
Z
7
& 14 o
g P 7 e
s 12 | //,/// y=x
[=] s
-g ’l//
5 10 - %
2 47
] ol
58 Z
.4
5 4
B et ////
- s 7
o /4
_Q 4 f .4
g V78
8 &
2+ oF
@ iyl
- v ad
: 4 ] 1. 1 1 L —_— 1
o
.g o] 2 4 6 8 10 12 14 (wt%)
= Moisture content by the dry method

Fig. 6. Relationship between moisture content
measured by the dry method and the neutron

gauge.

bl O TEBELAD D, EH2&F5%E&H T +£0.5 wty
WADTWAEZ ExH RLT 5. ABIE T BIE RS
30s DRE S B FHE AT BT, Ky X
DTRE B, #Hit 74X & 1T 0.3~0.4 wt% (30)
HEATED, EEROBEMAMEIL £0.5wty L h RV
DTHDH. Fi, Wit A RFREFK LR TR, K
5 5wty, EEE 0.5g/omd, RIERR 60s o +
0.5wt% (30) TH5. A7 74 VRBRKRTHE, WM 55
FI9R 18 oKDt FELEFE No. 1 =2—27 24
— Uk ACHEL, BMSBSEIZHFIBRETAH VS
1 VREEOET A+ 2EHB L. T~14 tDa—2 A
T — Ok, A bEEA BC LicIH L TkyEtT = —
7 AKSPIEREA BC #{E L3¢, A BC E 10
Bl Epsba—2 A%y v 7Y v 7L (50kg/ 1 577),
FD 2 — 7 ADFBREKRGE & KT EE D g % 1T
ot FofERE%A Fig. 7 wirid. Fig. TrXbv +v
T A VBT BRI OMEELS £0.5wty EER LT
W R L.

50 R B Kk B

MR ORBIC X 5 7 A MR TH, EBREBORH,
BRIV, HERL 57 & 10 R BERErT 2 |, 4
BED a2 =7 A% =Dk, ADERENICEH 4 BRRE L
To. FOEE L EECOWTH TR S.

5:1 EBEBCHITINEAS

EREE ORI H I oT, HEO/NE L, FIEER
DREMF Ex s> T, Table 1 2pdsEx 130D
oo ThHLOHENED S5, n-1 xS LEIEERR
DRRALTRHBETS. EEANEPETFLE r X
HARANLNADER VL% 7 v AT ARBZEEZFIH LI

¥

2

o 7r s
o

g

& 6 r

o

E sy

8

g

5 °

5‘ 37 e e 1st test

- o 2nd test

E 2+ x 31d test

J°}

o

0 1}/

é x /1 N Il 1 1 1 j T
g 0 1 2 3 4 5 6 7(wt%)

Moisture content by the dry method

Fig. 7. Result of the on-line test of
the neutron gauge.

Table 1. Improvement for the proper gauge.
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