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Sol Production Apparatus of pH Control Type

Shigeru YAMAGISHI, Yoshihisa TAKAHASHI and Koreyuki SHIBA

Division of Nuclear Fuel Research,
Tokai Research Establishment, JAERI
(Received April 13, 1981)
An apparatus has been constructed to prepare source sols for pro-

ducing fuel kernels of ThOz, (Th,U)G2 etc. by a sol-gel process; this
is capable of adding automatically ammonia to starting nitrate solutions
under pH control with heating. For the control, part of the sol heated .
in a production vessel is circulated to a cold section where sol pH 1is
monitored. Effects on the monitored pH were determined for variations
of time required for the circulation and of temperatures of the pro-
duction vessel and the cold section; sol production was confirmed to
be reproducible with the apparatus. Modes of injecting ammonia were
found to affect sol formation; in the range of pH examined, pulse-mode
injection is preferred to continuous one in the colloid nucleation
period although there is no preference in the colloid growth peried.

Other requirements for using the apparatus are also described.

Keywords: Apparatus, Sol Production, pH Control, pH Monitoring,
Colloid Nucleation, Colleid Growth, Sol-gel Process,

Fuel Kernel, ThO (Th,U)O2
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Table 1 Injection rate of neutralization pumps

®
Continuous injection pump 1 Pulse-mode iniection pump

low rate | high rate i

Injection tube used | 100 200 200 200x2
(ml) f

*
Standard rate ! 0.24 0.45:0.9 1.8 3.3°2 nl/min
{(ml/min)

*] Rates can be changed with gears by factors of 1/5,1/4,1/3,1/2,2,3,4
and 5.

%2 1.7ml/pulse, 3lsec/pulse.
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D, REO2BEOHRNTREACEE L TEI b b, EE, Fig. 2 #5%HICH 5
b, B2 -HEBOEH L2 B UL pHEOEH A H D, BRI S & pHAE 55T
WHEDEDhrL . L, T2 2 -HEREOEHREFLDO L SIIBARATL 05 CTHLOT,
pHOFTADEEIZE 0013 T, REBOEE L, B EMbrs,

(2) BEAENEHELLOHR

FRDE DI, MEFEND/ VBRI B CIHm sns, 0BT Ciuan st
SHNWDpHEE=F EHTRAE LTS, ROBRMLTHEORE Lo/ W OBEI IE 1S
FEOBERESELE-TEpHE= 2 ~HOEEMNRE T HIUT, pHELE SR L ENHIER
ST, L, EBIDEFig 10 RT X900, MEKTHRCpHAE = £ — Lood [ s
Al LEREESREL TS 2L pHid b Lc. Ld, pHERABEZ y—2 10 L bR
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1 otie MO3IBTIE, BEEREIRECRLUTEL VA, 25CH7a v bAEBITE 179 b
OMBIE 4~ TREINS L, Fig. 11, #E LAV A2ZERETHHALLCE D% pHE =
B LK EF A NSRBELE FTEAOPHAISHEB TR v b LIS DTHE. 25C
FTAHTALTIES, BEESNEEMLNTCIKRLIETHE UHEARTH, £hll ks
EELIERE= 4 MO pHIZET T3 Embha, ChoRI &b, VY AHABR TOR
D 25°C T OTERBICET 2 CREBMBLE T, 0CUED/ VO BT 208
VUFPABET L Esbmd, LbL, Fig. 10 23 H 02 LE(EDERDY— R ThH, Fi
BESCOFETCOPHEMIZITCIK2EH 0006 THE, COBETH, BED HERH
HNREORBER (£ 05°C) T, pH0.003 0EAEEZ 53 &4, pHEE Fidf
HHEABZIENI Enbn D,

32 SHFEROHR

REOKRETHOM L DD, 95 COV VA2 CIKBAL 25 CTOFREIREICH # L
HEIT 0B L oBMAES 2, £, 0B TER LSS FEICEL2HE & OpH
DEIFFig. WELT N KRTIICBEF 0L ~02TH5, ShS5OHICHERL TN,
VA OBREEE L - T, —FAULEF 3 L RO BERHTIE S 20— pHOEN 0L4IIS A5 E
bhd. —F, BEOHORENO, BERSGE, O pHE= 2 — 5% ToOMERME, FHiHH
HMEFIZ2BIEEDEY, Fa-7RrTOREABBETTETL, BE{LLTHH®HLEHL. £
hik, BEORE LB C oy vE, 0BMTcpHE= % HICHE L TLIERRENS
BEREZVHALCYS, BEOBBIC LS pHOERAHELL, Fig. 12 LEZOBRTHE. Th
D, 25 CERALAEETOpHEMILER T, FEHIETH IRV IKE»»E &, &1,
1 3BOEMIT001 THAZ i d. 0 - T, MERMASEERED 20 2 5H 6
BRI IELTEE= 2 —FNEpHO LRI 0001 (T &4, Bl LEMBALESI
ZEMbi b,

4. pHE & DAL

ARBTHET SRS RER Y VAERCREZ SOT, KEMATHHMB LN A
THRTH BB T 2. 20BER, VVOBELSWES, XKLL L LAFHBOD
Fos@Ese LinL, Moy v [ 3F e ICIER S NS . T, 440, ERITKEERK dmol /£ D
FWBICH 3RO BB UK LTV, C OMBE AT - oERIE, BEE Y VST T
BOTHLELERETY, o, 1HORFORHNBROBEREER#ER W, LrL. HED
BRI AR T 4 &, BESEHCRDERE LB ONR LT Edihh »72, £1id, Bk
KB LV VR TOIENERO Y vy R —VIlEBET At sEFZ N, R, KGR
HRICSUABHAHN I BITREEL TR IO «- BELAR LB ERS L, SRR CER
W (AgClagf U7oKCl 248 B/ M) £ AMZ 2T &4, BEMNIET LS DI DB &

_8__



JAERI-M 9477

15 atce O3 BT, BHEEEE CEUTRL L, 25°Cora v b ERIFIE 170y b
CRRIE 4~ 9T AEZR>S L, Fig. 11, ZELALVIVEZERTTEH L E D4 pHE =
B —UHMBEA A NSRS LT ESOpHAEISBEBR T o v P LIS DTHE, 25
FTHTEALTLIES, REESAREESNTCIKRIETHE UEAZRTH, Fhil ki
1A LIERE 4 —FOpHIFET T 3T EMbmnd, CRAEDI EnS, VY UNEBR TORK
BEMD 25°C T OFEREBICET 2 ICEBRANET, F50CUEDO/ YO BAICIE 20/
UbABE4E: &hbmbd, LML, Fig. 10 03# 03 B8 (LEBEDREADY - ATH, A
WA 95°C P ETOpHAIZ 1CHHEK 0006 CHL., COBATEH, BHO HEKS
MEEOFMAER (£ 05°C) T, pHIZ0.003 0EAFE5Z 5103 ¥3°. pHEME FidHic
XA BRI Enbh b,

32 HHFEEOHR

RIEOKETHOM L DT, 9B C OV VA2 CIBA L 25 °C T OFEREEICH #Fw L
BHHIE 20 REoBMAEST 2, 22, 20pTARLICBE L EHICELLEE & OpH
OEEFFg WEBITINERTLIICET 0L ~02TH5. Jh5ORUIIIERL TS,
VA QBERB I X T, —FUIT S LRODRIBERATIEH 50— pHOZEN 041271558 &
bhd. —F, BEOHOFRENG, BHEES,» O pHE= % —89 ToOMERMNIL, FEPh
HRERIC 0 FICED DY, Fa—TRYTOEANBITETL, B L5508k EL DL,
hik, BEOLRE LB C oV vE, 0BHTpHE= 2 HilE L TV EFERENS
EEREZCHLCY, HEOBBIL LS pHOLEHARE L, Fig. 122 OERETHS. oh
XD, BLCEBHAULETOpHEIMEE T, FHIEFT 2 ICEHIBA ML &, E1,
13 OEAT 00 THLZ ENbh D - T, BERESEERED 20 B Ho{Di6
BEAH2ELTEE=4 -4 5 pHOERIFO001 17 &4, #iA LEMEE LSV
T kb4,

4. pHE& O I B

AEETHET ZBHBERERER VVEFEREBEL LOT, KEMATHHHEBRZMZ
ThHRTFHRBHICEET 2. 20BEL, VIOBBMAEVES, KLXOLOLATHHERD
Hhs@E e Ln L, Bfo /v IdH B ICER S NS . T, X590, BERILKEERY 4mol /£ 0
FHBRICK SRR BB OKE LT, COMBAT-HERE, #AEY vl HIT
ﬁhf%fﬁﬁﬁﬁ%ﬁb,ﬁﬂ,l@@%@@ﬁ%@ﬁﬁ@ﬁ%ﬁéhﬁob#b,ﬁ@®
BEHARBRT 2L, REMCRDBRELBEONULNRZ I LAvhh o1, £, il
KB L/ vETO 1 ENEROL vk -V IlERT Acn EEZontc, #5, k&g H
BRI AREAZH 1 BE TREREL TR T O « IS4 (@ LIc R ERS U, THRNOER
W (AgClzgafi U7cKCL 248 8/ H) A AMZ AT &%, BRENERZE 10 Otk &
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HThd L o7,
5. JILEGEDO-DOEH FOME

51 8 B &

AEELFRACTC/NVAEZBET LSS GOBREELBE L0, LV 2F ARGy L adll
OFBAE (Fig.3ak LU bsazglB) 2R NTAF »7hfAFRICL Y 2B OThO, VvElEE
BR (T—83ABLUT —85A) 47 -7, COBES, HEETh (NO,), IBKEEL1.8mol 2,
ThE 06 mol , BT e = 7AKHEE 82mol £, pH?&ﬁ;’fﬁ 270 ¥ —L, MEHKEBC
g Lz b mAe ks Lo, 2EOEREIC BT la)bmE, (b)pH, (B s 72 ok
LA Fig. 13 ICRd . 2Hlzkgs 54, o pHERBREATATEEKLZSLE, pH
BT L TERERCGEUDAE 7 BE L LA TOhRIECZIZEALEMNI 4842%
EABAE BT H 7. HAELEE, pHEIBABEABR TTH 4 20, ZOBAMEL 278 £ 275
TREBEEE P -, TOEINOTLRELID, BB L5 pHETOERICETOE
HES b, 2EIELEOTRIE Fig. 13a0 L YICEAEH, hFags 70 %482 5851001
B YECHKERICE D, LBREEER FRLIEROBERBLTRL TS I &b, & Off,
Fig. 13 ICR LTS, REBROV VI TOKBETEEEL 15A , pH (25 TR
BIEYRL 282 £ 279 CHD , FAMKBODBAVER B L ERCRITTH-7. Th D,
AEEBLARAONE, BREROBR OB OFTHEPRBICBOTCHEIYHERMOH 2 /v RIS
DA THL ENERATEE,

5.2 HiRyTOROESE

(1) HEFEE

5.1 Th~#T—83A LT —85AD2>OERTHE LR v 713 v REART &
BHS, ENASREAICE 2 THEOERATL, EARADELS Y LBEBEC LSBT 2
LIS, HARE, SV REAROEA I 112 %/ min TH - 245, BEEARY
BUER L2 O0OEBR (T—8TALT —83A) THZOFIHD 0,00 £ X150 %/ minTH
L7, pHEREE (270) B EDMORERE—IC U, OFR, pHAEW TR EHI
FE LR omfgEL PREEOE OISR, FAFN44.58%, 4602 THD, L 2
BARA Y FHEBOEE (T 83ABI T —85A) LD 3B~24%HiE L, g4, B
T TR ICAR LR, BRI T® bk L, FRENDHLEE 504 g
125 FLLEBWREAH T LOLMH Ty VRER L. Lrd, DFAOEE S, hiigEss
55 % F 71213 62 % DR TMBERBLTR (6 FAoskiss U, ShlpsoB Lic, ok D, 51 TH
RENCHEMEE, FRRY 7ORESES RSN ESR LM LI o1,

ERDE DS, L REARE T A H LB BRRESE T HE L BRI T o
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TEET ARREAEETAROBELOE . COLAKER LT, EBRT - 8ATIH, T-
SSAFIIYEBROSEHAZTR LU, B1 A7 7OFNEBIHIC > TOARL AEE —F
trhh, FNABBEICT DT, SOV ARARE R L3 Y6 DRAE (491 %) 0%
LIS CEHTITORE —2HA UL, 20RRE, T-BADES LW <TRLIZOM
Fig. 14 T& %, EBT —8IATIZ, T— BAKEK~T, gRIEFAEFZO pHEABITET
E AN, SVERICE A pHE T R#CET LB 2R 7 » 7B ONRAE 185, $17,
Bt TR OECEE A2, T 8BADL HICHBHAET 22 £15¢, SV REARAY S
FRADOHBELFRICHMES ZBEE I THNAEDL LT &M TE A, TOBR, Y rib Ko
CADEHE OB RBEO/VARETAY, Fig. 1513, COT —89A &0 25 AR #
Y7 EMALET —85A (Fig.13) ORERBLARE LILbOTHE. KD, hfEEs
LUMEO pHIRERRE L - T, BI ATy 70OPRELE L SICT 2 &, Zh Lk
YIORMEMBEN - CHEROTBBEETL, BERKTFEORN CZ — v & Bl b0l
BB ENDNE. Eo, 2P OBREHEE, ThO, 704 NS TRIZF L 75A, pH (25
TEEH) 6IESAL279 L2833 T, YAEBOCAVER AL HN, EyHEOLDEE
ABHI, fE-T, MREY 700 REABR P EGEAR S L 3ER L, dROB 1 27
y 7 2E0304 FOBRBRIBERESAERLRITEN, 70 FORRRCHIFORER
LIS EHERENE,

2) & &

VTR <P fAE 7 OBRROEECERICHDVTROLFICEET S, 2331 Th~Nr &
T, S AFABOBE, TLCHEVKBRACHLTM OF7 yrEZTAKBEBMICEAS RS,
ZDicsh, TOT vE=T EORGTERT S MY 7 soki{b ¥pREKZ, BEERNOLHE
Ehicadah, EEBTIOIHESh S, —F, EEFEARTHE, 7yE-T7RKEADD
FICEESHRACEEL, —EOXRS L5 LEEBOBMR CoBE SNRE SR ICEET S,
fE-T, EREABROKY, SV 2AEAROESI BT, 700 dRE—ThD, B
OEFLTOAESEMMESE pHbE WD, & LT 00 Es 4 ub bk aiddh iR
bEC pHEEBEWEEZ OGN L, COHEEE, OTRE Yy 7ELEGEKEY » F OB S ER
ENLE= 4 —HOpHA LR L, EiL& pHARAIEK I FT 5 $ T oA £ Rl (20
B) WHENTHOMAICRNE0~ 0B THEI &, 372, @F CREHEE, EREARD
T 2 AR OGS LD R, pHES SRS LI L, AobXHINS. LiL, HEE
EABDLH, SV RFEARICHANT, PRNEOEICE= 2 —HpHO ERVEC, B PR
RKORPECpHMRERBICHET 5 & 0 3VTReHRIL, EAROAY—METIEHIBTET,
ISR~ B LD B OBERNAZE 2 L1671,

ST pHBABT A 7 v 7hfid & 2848, ML, KBLEREEZThO, zo 4 FiFiC
BRA, COBBRpHAZ T 28R 2L LIRS TH L, Bl A5 9 7T 48 ~49 Bh M
L7cT —83A, —85A, —89ADEITI, B1 A7 v 7dfEIEH 715 ICKB{LMIRE &K
®ﬁ%&fwﬁﬁ®§5%®ﬁﬁ&ﬁﬁﬁuﬁﬁb,C<ﬁD%EpH®@Tﬁ%§%D%n
KL, B1AFT 97T ~48 FLPRILIS 72T —8TA, — 88A TIZth A k#
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12 BIIKRACYIMRBHAD SIS 555, BHI ORAEH BT RO L pHAET L, v v @B
T B, T, BT 55 BEFE 95 CHoME LSS, # 50°C 1078 - 2510 K B b SakiEk
% LR EAROBEMERBIRIC D, 2040 HRICICIHET S pHIZ - b T
B L2 Lo B8 VB OB EOARE TS B2 TICEIC 20 5 OMBAE L1852
—H, COPHEH T, F2 25y 7HROXF » THORMTREH T ORINE S~ DR
CRBFERIBEAT 558 — v TEEE TR AT IEE W s 20T, 225 4 75
% OHRITHER Lok BB, AR L O BEICHEE LT 33 04 FE T ok i
THEEZONS, LLOBEENRLThO, 204 FOBREBRIEY>OTIE, OEBEBEE»SEH
BT 28 L, @S AE LokB/AREEARHEAEHEFICThO, KERLE LI
BEBE, 50T, HIZERMOEEKT 25, S KBk E & oRE sEEEA (R
BBAD2ONEZ S, BRSO BRELEEICREIZEEIONE. D @O
CENIEE DBEEES L SN NIEERIC LD, BEEARE Y FEAOBE, Fid0L S
Bk~ ORI DS BILE DT, SOV REARE Y PHEEOBAICH~ | DK 46 % 105
FT LU THRLO@DEZEORLAFTIVINE , BERICTIBENREAEST LEZLNS,
ZFRER LT, SV AEABOES ISR, FOoSEOOBERNTENT, Bl1dRRF 7
DERTHENG, B> 704 FETASET Lod 0 E 2505, COXHICELNT, Bl
A7y OB OI0 4 FMEOHETICE S pHIETOBESH L REAROFAAE L ED
MBI EIILY, FIAO, HHOE—EOBEENDHR I THBETE M- BR A & 318
TxB, |

Tl = ARSTERE, KBEIKEEEE-SThO, 504 Fb (B0 ) 0B &
B, HERERC N TEETL, TreoThkEFARL S KB R BRI EBOE B 4
HEOZTNHOWEEZLNS, TN LD, Fig. 150 2# 0T, E2hf sy 7B O
R Y T ORICE D BE DEIILNC ESBEBT3 3, & 510, Fig. 14 OB AR
YIERERLI2HC BT, Bl RF o FORREE Fig, 13 O R ARE v 7 E B )
ERIBEF THDICH (T—89A) oo FlbA#d A DI, b 3% TEIsdhE
AR Lo Lk O, ABUMREGFEA LODECHHL, BERABELERTHL &
BT A, U, LMK pH FCOMBARITE FOREAET 0T, Fig. 4DMDOH
(T—88A) Tid, ZNEEMOBRIC LD, BHES THESET 50D 5 ICH Tl - 5
BEL7ZE V25,

5.3 #@ErorE

BRIGEELER A ca, bDUABOLEHGHDO L, bAOFTIE, BELETEICE
BIZOOT, BRF Yy 7OREEEEB) pHIF Rl LR EHORBEOHE TIihn 5, L
L, IBADa®ORS, |HOBECHLT2BOBES —dR0hbLREMNEEE L DR
WEONIZHLEEAEZ N EONKRZES (B AEFig.5a i85 72 2A L 2B) HiEL{E
LTag. Lird, 2051, B—OBRBRAEE TEHIET 25, LRICIE O FHE R
[EORIZONIC/IABBIC L - T 5, ARBTERALASRETHE, pHEEEBE L TR0.05
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DELELTWE, FIZF, PR YyFONTpHAS LR PO TIE, 2AESH0OFF 2/ 5%
pHE D005 BV pHT2BEAMON KRS, 42, ORI, dFE » 7OFFTpH
TedoE T, 2REAHMOFFICAApH LD 005 B pH T 2AEAAON 2, {Es
T, TE2 32 —(b)—{i)Tik~7 X 2 1484 pH&EEE 0.05 CH > TUB LD, (&
REONTHE, aBEGHAEM1EE, LEOEFOEAREEE LTERALTE.,)

EROESCEEEBCBOSIIER LNV E L TRENE LS LI A Fig. 13~15 i
AL ERREOFRE THERER LAERMNTIg. 6 TH2. MIKET, T 90ADERI
aBOHBME LR O pHBEEB 272 T, T— 1A DHIE bR OHBEFHE 4 O pHBFEE 2. 75
TERBL, WIhbERFEAREE Y TZRHY, 1 X7 9 ZI3hMERN 50 % OB 5 TFEHE
LTV, XD, 005 DEEHEOIEOEREIZ, COpHEBTHRATH RS SBL 52
NS EHDh B,

LipL, bBEOEEZAHOT, 2 3@2—b) (i) TRIEER ORI A & 1% EE —
PlZif275 & 292 D —TIT38BA& &, Fig. 60T — 1000ADHD L HiC, 27501 4T

it AEALTIE, SAOMEIZRL LT 5[15)0

5.4 FRRIRET R O¥IE

ThO, Vv D%, pHREB 270 ~2.75 @R 7 & SRR THE Lo/ vid, 270 ~
310 OREBRIC pHABE AT Y & LTHEETH B, 2Rl Fig, 13, 15 5L I6TRL
1k DUFETRHET 55E, PAEEOWBARE VA Y F4EM LT o plHat Lash 3%
TYNARBRICL, WBADE LD T 52 & 12D, L L, hEEENE LA S
BE, $5LER 7y FHRARRICET 2180 HILBARSET S, BELIZ, LETH
ML O TADER HOF N REThO, / vE & 556, pHEEEIG U hmEE 3 2
O, A7 v IR ORI A5 60 5 448 2 7184 I RIA & T4 A% AR EEIC E DR L ¢
HREZET L, Tibb, pHREE 275 HFO—BREIETIE L5 % /min, $BHEH
ORKBEETOpHZREMS 31 AHDOIGA I 0.3%, min OFFEE £ TORER +8/ - T
3. |

ThO, —UO:R& /' VoG, UE D pEmkErek d V& pHRE 43 <
A0S AECEIB SN G, £, PALEEONS VA Y FAER LT, TRERAS 604 i 73
BURNC B A BET 5 & EA 55, L L, £ b0 A DES 3 ThO, v 12 i~ T
FNTHD, 27 » ThMEE BT A0ERLODWY, 2ory, BEL1E, RREES0
DECARTCHETEET, BEOWHERELEB TV,

6. &% & )

(1) Vs nEgET by v AR AEE T 2845 0REN L7 5 ThO./ v L FThQ, —UC,
BEYV VATV ETHRNECXOHMETES, BENCsobBRBOpHA HR T 2 A
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DELL-TWA, B2, AKX Y ZFONTpHMR LEBH O T, 2AZSAMOFF 12/ 5
pHE D005 EWVWpHT2BHEAMNONILAL S, F12, FORC, hFE v FOFFTpH
THhoOBTIE, 2RESHMOFF I/ A2 pH &0 0.05 B pH T 2AHSAON 0185, fii-
T, TEE2 3(2)—(b)—{Iy Tk~ & 5 44 pHBEE 0.05 T - TOA T L5, (&
ﬁ%®¢?m,a@ﬁﬁﬁ%ﬁmt%%,Lﬁ@ﬁbﬁ@ﬁ%%ﬁ@tbfﬁﬁbfbéd

FROEICBREBCROSIBE L LVEE L TRENSE LI ML E S HAFig. 13~15 &
RLIF LA ORE THEER LAER S Fig. 8THE., MiENT, T—90ADESR
aFlOH\E LR CPpHEEB 272 T, T- 100AOH I bR OHEFE 4 H L pHEFEE 2. 75
TERL, WIFhLEEEARE Y 742RD, B 127 o 73R 50 b 0O E TFEis
ELTWE, MED, 005 DEHEEDIEOHEIE, COpHEM TP IV A XU EEALE L
N EAhn b,

L L, bBHOHREREE BT, 23020 TR~ ik o4 K & 108 ER -——
FlZiE 275 & 292 DM — TIF38A& &, Fig. 6 DT~ 100ADHD L Hic, 27501 5T

T BEA LTI, SAOHERERL T B,

5.4 FRFIKET B OHIE

ThO, V0%, pHREE 270 ~ 275 @R 7 » FIFARATHE Loy vid, 270 ~
3,10 ORI pHETE ATV & LTRETHB 2, 21k, Fig. 13, 156550 16TRL
NEINFETRETLI2ES, THHEEORBENAX XY PAER LT pHN LD 3 E
TYWELEEIL L, (B A G L0528 EPm, L L, TREEMREFEL AL
BE, 502 7 THRARRICET 28 CRILBAMAET 3. BELIT, BETH
NMEFFOUADER OB NI BETHO, VL2 E4BE, pHREMICE UohMEE 4 2
G, Z7 v 7HMOMRBRA 60 2L B ICOMAE T T 2R EREECIOBRED W ¢
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3.
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FENTED, 25 » FHMAE BT ABERLOTE 2orn HE51, HRIEEA30
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6. % & )
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Fig.l  Apparatus,
; (1): production vessel, (2): oil bath, (3): stirrer, (4): tempe-
rature controller, (5): argon gas inlet, (6): condenser, (7):
argon gas outlet, (8): tube pump, (9): ultra-narrow cooling tube,
é (10): pH-monitoring section, (11}: sampling section, (12): pH
meter, (13): pH electrode, (14): thermocouple, (15): water bath,

(16): recorder, (17): controlling system, (18): neutralization pump,
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Fig.3
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Block diagrams of controlling systems. (a): a-type, (b): b-type.
(A): pH electrode, (B): pH meter, (C): pH meter—recorder inter-—
face, (D): a-type controller, (E): b-type controller, (F): a-type
relay circuit for controlling neutralization pumps, (G): b-type
relay circuit for controlling neutralization pumps, (H): high rate
neutralization pump, (I): low rate neutralization pump, (I:
circuits for controlling neutralization-step-recorders and timers,
(K): timer, (L): printer, (M): relay circuit for controlling oil

bath, (N): oil bath, (0): recorder, (P): temperature controller.
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REC- REC -

Fig.4 Interface between pH meter and recorder.

4 =

Relay circuits for controlling neutralization pumps.
(a): a-type, (b): b-type.

AL, A7, L1, L2, H1, HZ, Pl, P2, R1, R4, &, P: relay.
Cl, C2: switch. S1-84: plug receptacle. (S1 and
53 are for a high rate neutralization pump, and 32
and 34 for a low rate one., J1-J&: Jack. (J1 and
J2 are connected to the respective No.l- and Feo.4-
normally-cpen-contacts cf the b-type controller.

Jd3 ig done to JA or JB in fig.0, and J5 and J& are
to JA and JB, respectively.)
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Fig.6 Circuits for controlling neutralization-step-recorders and timers.
(2): for micro-relay operation, (b): for controlling printer,
(¢): for recording neutralization-steps, (d): for controlling
timers.
MP1, MP2, MQ: micro-relay (DC48V, 53002, 7mA). MZ: micro-relay

(DC48V, 530002, S5wA). J3: jack.
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Fig.1ll Decrease of 25°C-monitored pH caused by raising production
vessel temperatures. (Time intervals between neighboring

measurements: 3 min.)
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Fig.12 Change of pH of a ThO2 sol after cooling frem 95°C to 25°C

for 20 sec.
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Fc (%)

HEATING TIME (h)

Fig.l3 Histories of ThO2 sols produced by using a pulse-mode-injection
pump operated with a-type controlling system for stepwise
neutralizing with pH-setting of 2.70.

(Pn: partial neutralization, Fc: colloid particle fraction.)
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Fig.l4 Histories of ThO2 sols produced by using a continuous-injection
pump operated with a-type controlling system for stepwise neutra-
lizing with pH-setting of 2,70. The first step neutralization was
automatically stopped at the pH-setting in the experiment T-88A
but manually at the partial neutralization of 49,1% in T-89A.

In T-88A, precipitation occurred at the time indicated by "x"

in the figure.
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Fig.1l5 Comparison between the experiment T-85A shown in fig.13 and
T-89A in fig.l4. Each production history is éimilar to the

other after the second step neutralization.




100

50

Pn (%)

JAERI-M 9477

T T T ¥ T T T T T
(&) _ . )
L ) e
B N PR H E
; ,'. - -.’-f---.’

- Ll 1

---. -

e
l-- -

.

o L) -

:@ -',,O' |
g ‘
50+ NP meeeQeeees CTFOOA L ]
1 et . ——o——  T100A - 1
i ol . . . j

1 ._ i 1 1 1 1 [l i

0 2 4 6 8

- HEATING TIME (h) '
Fig.16 Historiéé,of ThO sdlsiproduced by using a- and b-type controlling

2

systems to operate continUOus—injectioﬁ pumps,swhere stepwise
neutralizing was carried out with the respective pH-settings of
2.72 and 2.75. (In T-90A the a-type is used and in T-100A the

b-type done.)
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Photo.l pH-monitoring section.

Photo.2 Ultra-narrow cooling tube specially made of glass.



