 UAERI 1033

JAERI 1033

BBAL P Y 225 ) —0
TR BELZ D\ T

196246 8

Bk E T N BE

Japan Atomic Energy Research Institute




apiXo wniioy} jo sydeiforonur uorjoely £ “Bid

(0006 %) v ojdureg



(0005 %) g ordureg

e bbbt




JAERI 1033 UDC 621, 039.547.5 : 541. 18,04

%ﬁfﬂ?AZ?U—@%%ﬁﬁﬁ?p;;

BB

K EIFEREA kDT 5 v v PCEE Y VY AR T Y 2T B bORBO—HE L
T, PO T EEOTIREL b U ¥ AOWTENLD OBBMOREER 2 kDT, RIRHRIT
ST B « MRS « BTk E L CEiloH % i B - L RE RS &2 @ L.
R, RECHEATEAT Y T ICE > TSRS 5T b, WBHIC L&k
mm%n&2®%&$3kwcaﬁwammmoh;%nn%m%wtwmm%gf%ﬂ%m&a
EERER R LTWARDThHE. EioAT ) —IRE L EREL OBRIC oV TRLSERL
FEEE I AMROEE IEET R . RERE R I L Bb o IREE 7 % OFIEIC
BWCHERERE LT 5. 748 ) RIS & REORESKE o b UEREOZLE
XBBLLND, FrhBEEAT Y~ DT R v 7 ODRESBELOWTHETE R TR -7

BRRT NN RFDTEMCETETRSE

W W W =
! E A .o
: £ B

{l

B

© Fadui



Rate of Sedimentation of Thorium Oxide

Slurries

SUMMARY

Rate of sedimentation of thorium oxide slurries and several properties of the -
dry powdei: of oxide were measured at room temperature. Properties tested
are specific gravity, bulk density, average diameter, particle size distribu-
tion, specific surface, etc. Seven brands of commercial thorium oxide inclu:
ding two imported were tested.

- Thorium oxide particles flocculate when suspended in distilled water and

the addition of NaOH to, the suspension promotes the flocculation. The
relationship of sedimentation rate and solid concentration is different from
that of the dispersed system. The rate of sedimentation decreases with
concentration markedly at around 7 9% by volume, and the alkaline additives
make the change more sensitive.

At lower concentrations it was found that floc is 50~60 microns in dia-

meter and the void fraction in the floc is 0.90~0, 95,

YAsABURO YAMAZAKI, KENzO YOSHIDA, YASUO AKUTSU

Chemical Engineering Laboratory

Japan Atomic Energy Research Institute
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IR ERGEE 7 & W L DIEREREKO T 7 v ir
v FMREE LYY 2AF Y - EHShSTETH
57, FOHFOEPSAT Y —Ext L T REZE
L BEBIVEE - r—Fv/kzRc Lic<
<, FRUBROTAOEMTEVY d 0 BERIHh
5V, hbOEREEITDIIE < OFERE
b5, FTORDOELIIRAT Y —fEbiLaEk
FU Y ABEKOWERELICRET LT X o THRE
h5THAHS5. mEziE, BEZLTOWTREFD
AEXBPSL LIVRESRERLTEZE; B
BECOWTIRESBELLAT Y —EREREGOR
FafES ks r-FERBIRCESEOLHTH
LB Y v A, ez 1,600°C TREEL
WEBHlE LTETLNS.

BiLE Uy A ROBERREEFX - TR X
D, BRICELNLTVWDY 2 VE Y 7 ADBSFRIT

X 5 HETE, IR « BRE (5@ 800~1, 200
°C) XL X » THEET B L EBMBh TS, SL
iz YHRFC R Sk EFOMAE&HKOT
5vi g MoERT AEA R, R SECERLE
WOTH — F RO OB WD, TIRORIELY
v AREHTACERTES, TROBRL Y 7 AWK
VERMBES « BHGREL KR AHD LOBE WA, TH
o+ 7r (5 bEERD B WAL 2EH) ©
SWTEBCAVLhTWABERDORBRFELCK - T
HsEZ2 Bz, &b TRBRFEOHERZIR L
7o, WISEEIEEE - FERE - MEST - ILEmH
HETHEH, BTHEMSTESICLESWERD
Wi Lz, Fh, B BREEEKTRE LciRiT
DTS HEE R NE L, IRE - R X 5%(LE
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2 Bk br V7 LARROREER

BUDHREZBEHEOREED > b, KiEHEFRR
H#EKRDT T v v P ERT H/0DITEY Y ULER
ZOFHEIE LR B U Y AR—fFoBRiTERT
HEFPAEL (910), @3y 1 2 aiR)
POEESERERECESC EBBRETHS. KLk
I Tasel IWRLUEREQEIZETIHEBMMTDH D
b, ZROBRCIFCR{Z 20 3 LEXBDLN
7z, »XBE (bulk density) OJFEEITE 4 DYV
s 15¢cc #REF2.6cm DA AT Y ¥ E—IL AR,
BHREZHEEL 7o L &, BIPKE—EOMHIES
RETZOBEREL, TD L & O R
TABLE | DB T RTCH VY IR ESHATELESEZH
Wiz,

A, B2EE HAMLTD 5.

EEERILERECEDN S LEmEI k4 DEHAY
Zi LT 50T Blaine 0I&F 35 X (f Lea & Nurse
DEFETRKDT-. Fig.1~Fig.5 T OFERETR L.
Bl L U ARRESNXWioD Blaine DR {E O
HE v 7L LR ERBR S KIR IR 5 0T, Blaine &
THET S ERFEYTHEEBEH L b
5. ¥7- Lea & Nurse ghic 8T H[F U5,
TR L RERNECE YL 0.5 T ET/hELT
5 ERTELP o722, EEBAAR—ZEHITS

S EZAFETIERDLNS, Taste 1 IR LACDIX
1) X EBHEFDET, ALAFELAL DI DD B
5. v v G oW RGP CRE SRR
BEABCEMRC X SELPELVOTHZ RS L
TS, F Sy v FALRUCMBEH S, Hird
B LS ICRENDNI VO THFRICHT HHEER
L LEbIS, #iEi: CARMAN & ARNELL® (iR
B LR -7
e 2
{So (1- 5)}

A-c-4P
Q= Bop L
8 [2-R-T j%y&i] '
+ 5 T Se(me)p ) (1)
Z 7C ARNELLY O&FITiD o T 0-ky/k=0.48 &
LT S ZRIE LA

Q: ERmR [ccysec]
A: TR (em?)
e @ 2R =3
g SAHEE (g/om-sec)
L: e (em)
4P 3%IE [dyne/cm?]
P: ErTE))  (dyne/em?)
So ¢ MR (em?/cm®]

R : 7 AELK {erg/mol, °K]

TasLe 1 Specific gravity, bulk density, specific surface and average
diameter of thorium oxide
‘e Bulk Specific Average diameter [z]
Sample Spe_cxfgc 1 density surface*? #
gravity (g/cm?®) | (cm2/cm?)S, | a*s b4 c*s d*s
A 10.00 1.47 2.0x10° 2.3 3.9 — 0.3
B 8.57 1.66 3.4% 105 2.5 4.2 — 0.18
C 9.83 2.13 5.9x10° | 0.5 — ltemb o18)| 010
D 8.81 1.79 7.1x%10% 0.39 — 0— 0.085
.66
E 9.51 1.60 3.8x105 1.4. 2. (e=0.871) 0.16
F 9.55 1.83 5.2x10° — — 1—556 0.12
G 8.39 1.76 — 6.6 9.4 (s=6.908) —

*] Specific gravity bottle method.
*2  Air permeability method.

*3 Andreasen pipette.

*4 Wiegner tube.

*5 From DallaValle’s equation (Equation 2).
*6 Calculated from the specific surface : d=6/S,
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Sample A¥ Sample A¥*
© oK
sok sok Sample B
401 50F 40+
30} 0F T ] - 30
% % %
201 201 B 201
10 _‘_— 101 _—I____ 10+
g 0<‘70 2.0 40 g0 8.0 10 0< 0<1.0 1.0 3.0 50 7.0< 0<2‘0 20 40 40 80 10.0<
4.0~6.0-g 0~10.0 ~3.0~5.0~7.¢ ~4,0~6.0~g 9~10
Partlclg size : diameter Particle size: Particle size : diameter
in microns diameter in microns in microns
Sample c** _ Sample p** Sample g**
40+ 60t 60
301 — 50{ 1 501 | I
% % 1T T 7 % 7T 7 1
20+ 20+ 20t
I
10} _ 10} — 10F
0 [ 1 0 0
<0.3 ¢.3 0.5 0.7 0.9 1.1< <0.3 9.3 0.5 9.7 0.9< <1.0 10 20 39 40 59 60<
~0.5~0.7—p.9~1.1 ~0.5~0.7—0p.9 ~2,0~3.0~4,0~50—¢.0
Particle size : diameter Particle size : dia- Particle size : diameter
in-micvons meter in microns in microns
Sample G*
Sample G* * s} |
301 301
%
20} — 20
%
i ] i T T
0 | 0
<1.0 1.9 20 30 40 59 60 70< <2.0 2,0 40 g0 80 10,0 12014o<
Z9.0~3.0 4, 0~5.0<6.0~7.0 ~4.0~6.0~8,0~10 ~1p ~14
Particle size : diameter in Particle size : diameter in
microns microns
Fig. 6 Particle size distribution
*Kelly tube
*xAndreasen pipette
T:&REE KD X, SHERREE (o & X IR TR
- M: &5 FE  (g/mol] H RSB s BERHS S, TABLE 1 ICR Lok
3 Fig. 6 IIHEATHERTOMEREE LTV EOEDD D, (@), () b afmiRo 50 %
2 NLBEHELT, HATY (~FFRAZYVEY - EOERR 7. E7c (©) 13 DALLAVALLE O
; #)#whic 0.29% L 7=, Andreasen-pipette 5 LicHIEP iX DRDIMATHD. TOHERSE—K

Va2 e < LAUE 0.5 e THIETE S, L %#ﬁ%@f’éé ROV TR TRRIT & b EighE
Ptk o [ DEEOHERETH 5 BAEBHTOR  2EHTLOTHS
FEEEESEEBR X VO TEBRDRE X D EWD, . U-p 1—e ]‘A

Ds=13 - 2T s 2)
LAY X PET D RRBRERRES LT ® g (Ps—Pr) & ,
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U : FPibi®EBE  (cm/sec]
2B [g/cm-sec]
Os: WTERE [g/cm®)
Pr : HRREE (g/cm?®]

HEMB» LR TFBTRTHEDOELVKRTHS &
e U Tskd - L EmMBEHE (@) v 1.0p BIFE
ROMDEX D /S Vv, ZhiX Fig.7 IR LAETH
WMEBFEPS 3b»PH X5, yvFricizl.0pp)
ToRF2HEYEESTDT, KESFECRAIE),

S e T
R RN P Y 2 R v

BB IEVHIP VRS DI ERERAECEEEh T3
DTUMEEEOERK VNS WEBTH it 5.
BRI FE» B OHE TR ERKO b D (A, E),
EeyvyAEicEnbo (B, C, D), BIUCToMo
Bikobo (F, G) ckplahs. +¥ 7L F 35
PEDL b5 &5, RESMSIER AV 7ediT
HESAONEILT 5 b o Fr. :

BEORD TABLE 2 /%4 v 7D (LSO
REREHK L. i
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3 BIEPYSILRS ) - EE

TABLE 3 |3&FEY v 7 L OIEHKIEIBIE,
% 100cc # ARy v &~ (EE 1.5cm)

TURE S E AR OREORMEET, 18 ©45 18.0
LWIREE (79 5~10%) @2 TH a7z MOf_\\\\\\\“;\-ifsz?nmﬂ;m
LOTHD. HEKCHES LIS DHEEC ol '

INTEHBEOGREZBI L TWE T &5
ot EZOFRRIE 1N NaOH (1~
ScO)ZIRMUBREDOBEZAZ L LIEED
BTz, BROFHRE - RS AL &
> TWTh (Fig. 6), MEHEEIRIE $ZELw
IREEICDOWTIE D E W ZR bW, Th
HRERF Y —D—2DEETHD. BESY
B LB E2T A Y iz CREDRE
ZRE LT D EURBERESRKE < 75 Hs
HEON5%8, TaBE 3 U Cldli- 50 Lix
WDT, YV IFALCI2OWT—EE D NaOH

Height of interface (cm)

R I0 % TR & DIREEIC D\ TR EE % ok Time (min)
¥7-. (TABLE 4 3} XU Fig. 8~Fig. 11) Fig. 8 Effect of concentration on sedimentation of
Fig. 11 IX Fig. 8~Fig. 10 D&: % pLiGsk thorium oxide suspensions. Sample C (distil-
led water)

BELiRELZWICE 5 THERb LIZDHDT,

TABLE 3 Rate of sedimentation of thorium oxide slurries

Sample solid concent- Rate of sediment- | Sediment | volume of 1N H
P ration (vol.%) ation (cm/sec) volume(cc)| NaOH added P
11.1 1.67x10-3 50.4 0 cc 5.6
A 6.98 3 >10
8.08 2.87x10-4 58.4 0 5.4 )
B 7.29 1.02%10-3 79.8 0 5.8 ;
6.57 1.41 » 3 >10
8.53 1.01 » 32.8 0 4.4
C 5.62 6.77 38.0 1 5.4
6.90 5.98x 10—+ 3 >10
7.03 1.54 « 66.2 0 5.4 :
D 6.54 1.8 » 60.3 0 5.6 i
4.79 6.24 » 41.1 1 10.0 !
- 6.63 2.97 62.9 0 5.6 ]
E 6.13 3.44 » 58.9 1 10.0
7.15 2.93 » 3 >10 3
F 6.85 1.46 » 0 3.6 i
6.78 4.98x%10-3 49.7 0 5.2
G 4.33 6.28 » 39.4 1 10.0-
6.75 3.03 » 3 >10

o AT e T
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TABLE4 Variation of the rate of sedimentation
with solid concentration of the slur-
ries, with and without additives

(Sample C)

Solid con-{Volume of] Sedi- + [Rate of sedi-

centration|l N NaOH|  pH voﬁ(:xrlle mentation

(vol. %) |added (cc) (cc) (cm/sec)
3.58 0 4.6 1.12x10-2
5.05 0 4.6 9.56% 10-3
6.28 0 4.8 8.46
7.35 0 4.8 6.61 . »
8.71 0 4.8 2.10 »
9.62 0 4.6 9.56%x 10~
3.56 2.1 5.6 26.6 | 2.74x10-2
5.01 1.98 6.0 33.3 [ 2.24 o
6.20 1.91 5.8 38.8 [1.52 «
7.25 1.99 5.8 43.9 | 7.25%x 104
8.57 | 2.0 5.6 | 52.1 |2.56 &
9.49 2.0 5.6 58.8 | 2.3 «»
3.55 4.2 5.8 5.92x 10-2
4.99 3.96 5.8 4.3 »
6.18 3.82 5.1 3.12 «»
7.22 3.98 5.8 7.45x 104
8-62 4.0 6.0 6.48 »
9.43 4.0 6.0 4.33 »

TAHY ML TREEZ XX LBAE, T% 0
HCUERESE LLET 5. BTlmoiine &
DRELUBEEE L OEGRE YV IALCROVWTEE
WDTHIDH TABLE 4, Fig. 12 C&H 5. Fig. 8~Fig.
10 255 X 5T JREECHRALO AT TIR LA BV
—FED (7)) WEDAF ) -2V THL—ETHE L
Iz 7ov. TABLE 3, 4 1C5F L7=ihRmEEr vk ig dhist
DEFDO—FREVHOETHB. ZDKSTERD T
EABHER T U —D—DDRETH T, REDEN
FRCIREEIC X - TTERY ¥ v 7 BT chic s
LTRSS 2O LT, IEORVATTIREHER
X DM AE R LRI » TR D THhASESRMLR
RIET. F ORI SV TSRS DL 5
FCTHEIHI, FMOLS I EERTBEMELTS
bOLELLND. '

Fig. 12 220 X 5 LikEEEOZLOME % bR
LizhDTHB. Fige 11 TIHREDEK & 2 50H]
EfHZ BT HDBREDE N & T 5 TiX Fig. 12 &
FCARR R R LTw5. Chb QIR B\ 5 Pk
EEER 5 TREOREZEIET 55D 2 AVCa
BB k5L, 78 v 7 OEE0~60p, 7 &
v 7 WO 2RI 0.90~0.95, 7w v 7% HKT 5
BRI 105 BETH 5. )

v 7L AR OREFEEARIE T 3 % ASKIEH L TR
niTd L, ZOHAT Y —RAKOKE, #Bifcis%E

3 BErY Y ART Y —OWBEESE 9
13.01 Concentration in volume
N percent
12.07
8.57
110} 7:2

Hight of interface (cm)

Time {min) -
Fig. 9§ Effect of concentration on sedimenta-
tion of thorium oxide suspensions.Sam-
ple C (2cc 1 N NaOH per 100 g ThO,

added)
13.0F. Concentration in volume %
12.0 M
N
7.22

Height of interface (cm)

0 10 0 40 50 60
. Timei(mvin)
. ;
Fig. 10 Effect of concentration on sedimenta-

tion of ‘thorium oxide suspensions.
Sample C (4 cc of 1 N NaOH per 100
g ThO, added)

ROBABE L, ERRECTR AL E Y T

Eic X DIEBTR BT S, KT~ VIR O
BET D, A7) —ARCEENSEAROWEIE
HCHBB, FTR- THET L HETHR LSS

LR, ESERS-EV T 1~15%ThS. O
BlaklEA7 U —iBEIEA LClmT s M b

5., ZOXS5TRTHIRmmeE LT n—‘7’_f;v7;b
2% 3~d % IRINT Bh, ERRBEKEELAFD
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