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ANARUIN N
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Assuauns loa-13a Tap38du q Tavll

4 L 4 X
1. 281Aas5 _landunsadiu _1aiaffu (Water Extraction Gelation)

Aszuauns lga- L 3aiinhau 581 nnnmavTﬁaa:qntuﬁﬂutﬂutaa wazuhazgn
gaoanluTasansazansdunie (organic solution) nszuaunsil la ladug s sy
LIuTUATNSS5uTNR (natural uranium) ua:q;slﬁuuﬂua%uauﬁsnu:u55

A9UUNT938 LABS tan%tﬂ1ﬁﬁh‘;ataﬁu a1l Tasns iy Lada wfnsand
n11u5a§nﬂ1Lﬁa;wﬁvﬁﬂuuﬂnxﬁuﬁ1qu§naﬂo1ﬁtﬁu 600 lulasiuns  dursusiy 9

wavnssuaun19d il

n1sia3pulaa

A5 1AA L9 uasLatadu

cq ¥ ¥
atani Tvune

a3 Lnilqangdge



__reduction -
H2 ~§ uranyl nitrote solution
Pd or Pt cotatyst .
e e
. filtration "—9‘."'.".‘.73‘
| ) .
: BT NH,OH
[ Precipitation =y
] , N2ql'HZ°

u(iv) hydrous oxide .
suspension

| :
-HRL! filration and wash > wash eletrolyte

-

uozfiher: cake

sol lormot‘ioh
heat ot 60-65¢ and stir

|
l.lC)i,J sol

U0, drop in organic liquid
dry}ns

calcination

ar 2 P -t v v
U 1-n. uwnuivnsiaSougiaidsulaeanlon luTlasades (13)

L4 <
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1.1 n1siedsulda

F 3 oo P A = ot o .
funsnaovdaag gisfia luiasn Inudugisila luiasn (uranous nitrate)
. - e o L4
Tasluniglalas 1au wasansazasuauluifivannznaugyisia lansenlda (uranous
g = > S » >
hydroxide) avwaznauiilanhidauauTutiisy luiesn azsnsaluasauazlgaquseu
B ) 57 [ > o -«
figangiisznav 60 - 65 avA1iga Lded anslausseiniAvavagesnau Ldu LA

1 #2Tue Tasfinnsniusgmasatlan

1.2 N5 LAALIAUR S L9 LaTU

nrsnt loaln uJunea lusnsazaudunss Tasasdundoiilade 2-ethyl-1-
hexanol (2EH)#vdusadauhasnainnenlaa aunszivla teadidesi ufusasudv

uaziinnsauquiila Iniiansaad et sua Tanly yign uaunda Feuanvivqy

TWO-FLUID NOZZLE Aogsg?tfcéoﬁuiﬁ’ou

TO DISTILLATION 1]
SYSTEM

6-in. DIAM ; o
d 12 in. .
3-in. DIAM —F— RN W O e
ﬁ CENTRIFUGAL
PUMP
. v CUNO
40 in. ) Fi
FROM s
L3 DISTILLATION SYSTEM
B e 2in. =% ORGANIC SOLVENT ENTE
) s ~E S RS
3-in.DIAM__L 6 in " /3 COLUMN TANGENTIALLY

- COLLECT GEL%
SPHERES i

qU 2-n udnvindavialaslaygigdn uavda (21)



S ael

89

arsnhLaadilesensszlgansdundssady sy octanol-2
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150 avAgaided luysssniAvavangensnauwluiian 18 - 24 d2Tue deansi
v 4 ' g ' P ; i "%,
szwne ladulngasgnlasanlugavqamgl 100 - 200 avA tza1Bed waziinasgy i deun
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UOzluTﬂsﬂLﬂu§ Tau380 1S andns Aflu 1a1adu (14)
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2. Buinasia taiaffu (Internal Gelation)
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‘metal UTh, Py

nitrate solution

¥

NH4O

HN | odjustments
03 luulcllhmlc :
NO:Imelol

organic

HM

vrea/metal +1.4

vrfea

Hexomolhylonelclmmun

3M sach
percool 0°C

TAImﬂo' s1.4
-5—-+5°C

$

drop
formation

gelation
organic o of

50 10100°C..

dilute NH

U 4-n

washing

J—t

L

K
drying j e
oo e

ol |

lml.nng

¥050°C

wwuivns taSoug Loy lasanloa luTasailes (13)

densp U

T mixed . oxide

Or
gankc, NH
‘A 0 U'.

Ho0

gases
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2.1 nsiad3sylda

. PR o  olos
lnansazatsuada - iadiliBeu (acid defficient)wavlanzwiniiiau
O ':a o<t a3 s
toupudszua 3 luaisgissuazigngs iufiau innseiiu (Hexamethylene Tetramine,
v Yoo 3 . . -
HMTA) Teawsalvqupamgivavaisazaisln iy o avAn 19a 13ed a19aglugqve -5 fiv.

a4 < o

+5 avAN LT LTud LilpaAnIsuAnAlnDd dLABS
- v
2.2 nasiiadties

whlgafla luneanuis wesiu dlad (dispersion device) italnuusiflus
Tudnsazaswdunds warasdunioildde lasaaaTlsiafidu (Trichloroethylene, TCE)

TasAluquaangdlszuna 60 avAlilgadud (davain TCE fignidenil 87 avAnLza T
2.3 A1%a

ufunsuaadglunsuialaTasailes FeatateludsznalnluTasailusunn

o oo o ° s P -
Tusznavnsnalnunvuaznis i nasatwnalas lggsazasuauTe s 1309w
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(PH = 8.5) iilanndaansBundoidvanoyiiqgugl 40 avAigaided 1anilglunisane
1 - 2 #Tue wiseraazldrisvauinnssaanlsn (CCl4)ﬁbuauTutﬁuu1an1aﬂ1ﬂﬁ

.

v 3 L} . o
Tasaauguin PH  genawmiainiy 8.5

i

. » »
2.4 n19n lnuny

o ‘ol ¥ » . g - - oo X >y -
uha ilgsiatsuaa lunh lnunoingamgl 170 avAigaBed TasdBnvlanivAu

poR of i Y ». v v ] s
Tuianay niadusndiiqangd in fvgamgiinewin lua s mivauaiviuduiian 1 A
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2.5 N5 LANganigy

. 9 of :
whdELes W iwgamgd 500 avALga Lled Tuussenqdvavlalasiauuas
¢ - P o o oo ;
219nay lla \iugamgdaunssneiv 1500 avAdiga tisdluussendvavlalasiau
& LI a ar P | Lo

WasaNSNau lgu LAEINU TﬂﬂaﬁiﬁﬂﬁitWNﬂ11u$au lﬂu 200 - 300 BVATLTR LB
P ol ¥ P~ Lot ot P 1] P ol ¢ g e )
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ANANUIN o

n15Uszynalun1sn mealgan iy Gel-Sphere-Pac

. ‘ot Caf PR v SRR
U3uwean lda Tans lud (Resil ulundadanni laansunavasnes Taanau i L 91 ady
» - e e RSy - v > : P
UR ZAB NIV ITAAIVAVTUIA LAURIgUENa zawsa la LilarEad Liles laAluAa NS n1nD
R | -t - L7 J ‘g ¢ -
lunsn 13uanansivaulnarunagiy Tunsudaaifles Tasialuazaglugae 0.1 §v 10

" e . R - - o,
ﬁ'Tan%’unaﬁ’aTuo UAIMUAUIUUUY 10 n1amaqmnﬁﬂ LTUALUAT AVAISIY 1 - U

AN 1-1 “ﬂﬂ“ﬁﬂ?ﬂﬂﬂﬂﬂﬁ1lﬁﬂ"ﬂﬂ (13)

Drop formation rate, drops(s
Sintered Sphere Sphere Mass
RN v ads For 0.1 kg/h For 10 kg/h
(um) : product product
1900 ok ) 743 730
300 141 196 19.6 x 10°
100 5.24 * S and 530 x 10
T3 0.194 1.4 x 10° 14 x 10°




arudwasalunisazaiswavy tstia_ luinsn

A5 2-3 Sélubility of Uranyl Nitrate Hexahydrate in

Selected Solvents (22)

‘n - buthy1l alcohol

_ " Solubility
~ Solvent
gm solute/gm solution at 20°C
Methanol 0.675
Acetone 617

Tri - n - butyl phosphate
Water

Diethyl ether

Methy1l isobutyl ketone
Nitromethane

Dibenzyl ether

B.542 (25 °C)
0.540 |
0.491

0.462

0.428

0.140

0.017
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: s P . T | - .
@197 3-8 AasudAvavy s tisuluntanilnunvilqangd ss'c (12)

PHYSICO-CHEMICAL PROPERTIES OF URANICM BEARING DRIED
MICROSPHERES (*) (drying temp. 85 °C)

Density (g/cm?®, Hg measured) ; 1.5 :
~Weight loss at 900 °C (% by weight) 13.45 +0.3
* Uranium ; (% brx weight) 72.10 =+ 1.0
Carbon : % by weight) 1.96 + 0.25"
Hydrogen (% by weight) 1.57 =+ 0.08
Nitrogen (total) (% by weight) 1.95 4+ 0.08
Nitrogen (NH,+) (% by weight) 1.89 2 0.03
N/U ratio 0.445 + 0.0)
*) Particle average diameter (~ 95%) = 1300 pm + 3%,.

(
-+ The analysis refers tn the 110°C pretreated material.

AN 4 -3 fuaudAvaeyls idfsusswinsiniqangd 450 uaz 550 avAgaldea (12)

PHYS$)CO-CHEMICAL PROPERTIES OF URANIUM BEARING CALCINED
NICROSPHERES (*)

1

Calcining temperature

Physico-chemical properties

450 °C 550 oC
Pensity (g/cw?, Hg measured) 1.65 1.93
Weight loss at 900 °C (9, by weight) 4.60 + 0.2 2.93 + 0.2
Uranium : (% by weight)  79.93 4 0.63 80.90 + 0.5
Grbon %5 by weight) =< 0.05 = 0.05
* Hydrogen : (% by weight) 0.41 4+ 0.05  0.11 & 0.02
Nitrogen (% by weight) . = 0.05 = 0.05

) Particle average diameter (~ 959) = 1230 pm + 3%. The ‘anal-
y#is refers to a 110 °C pretreated material.
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A1579 5-u  quaniiFvav U0, lulasa Wasiidaaunuuuuge (12)

FHYSICO-CHEMICAL PROPERTIES OF U0, HIGR DENSITY MICROSPHERES. (*)

Average (~ 959,) diameter (j.m) 745 4+ 3%,

Densivy (gjem?, Hg measured) 10.80 & 0.1 (98.59, T.D. 4 19,)(**)
Cfushing strength (kg) 4.2 4+ 0.3

o/VU ratio - = 2.005

(:) Same samples as reported in tables 1 and 2 (calcinced at 450 oC).
C*) These values refer to mean values of batches of 160 g each.

2

#1370 6-1  AuaulAuae U0, lulasaiilusiidaaiumuiuuuen (12)

PHYSICO-CREMICAL PROPERTIES OF UO, Low DENSITY (~ 809, T.D.)
. MICROSPRERES (*) -

. ; Firat Second

TR chimioad thermal thernal
‘pr.opcruu ; cycle . evcle

Average diameter ; ¢
(~ 959%, ., pm) W0+ 3% 710+ 3%
Density (g/cm?, :
Hg measured) 6.00 4+ 0.2 8.95 & 0.1 (81,69% + 1,5%)(*")
Crushing strength
(kg) : 4.25 4+ 03 41 +02
0/U ratio 2.64 + 0.02 <2005

(*) Same samplés as reported in tables 1 and 2 (ca.lcin'ed at 550 *C).
(**) These valuesr refer to mean values of batches of 300 g each.
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A15719 7- ¥ AR wWALHUSS suavgangiinuaununuue (23)

Relative density of specimen

99

Specimen Temﬁerature Relative density
No. () (%)
0 As~-pressed 43
1 750 48
2 850 57
3 950 67
4 1,000 )70
5 1,080 75
6 1,150 79
7 i,250 83
8 1,350 87




a9 Wdsuwlaveaw 0/U ratio szmavnsiHUssdIu (2_4)

2 o
- '% « 5°Cimin
2 208 | i\ | +20°C/min-
o i R
s i NN\,
S 2% | s ...
\:\‘\ 4
ZOO N&R\L

600 800 1000 1200
Temperature ( °C)

Change of O/U ratio dyring
_ sintering of sol-gel urania

‘ L of o o
Y 1= N9 Wasuuwlaveay 0/U ratio 3EMINVNT LHNRaMATYY

115 wWasuwlaveulauavinsy (Grain size) (2‘3)

T (*C). .
1350 1153 1050 950 850 750

¥ A T LJ 0 3 T

10000

~

Grpiﬁ Size d)

1Qoo- | S

200 ] - ! e 18 1 1

g 6 7 8 $ 10
10071 (°K™)

Change of grain size of specimen
heated at 5°C/min :

4l 2-u A7 wWasuwlaveay, Grain size

n
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woAnssupay Method 90 He (12)

y : :
A'\o' 2 3 a4 5 6716890

54
4 9
39

. 21 ~
-2 Rag
w = i 6
10 2 J 4 S5 6 7 8910 12146

: Methocel S0HG P-y radiation induced degradation
1. Methoce! water solution at 8 g/l; 2. Methocel water solution
at 8 g/I; 0.5 M tree nitric acid, 180 p Me O./l (95.8%U; £.2% Th).
es uranil and thorium nitrates; 3. like for 2), with the addition
of 1% by volume of tetrahydroturfuryl alcohol: 4. like for 2). with
the addition of 10% by volume of tetrahydrofurturyl alcohol.

U 3-1  wgAnssupavy Methocel 90 HG



AruduRuSSIna1vw 4-HF  dunisgandud inasunay UO,,(N03_)_2 (12)

- ABSORPTION-

_“
O
v

. 360
WAVELENSTH (4m)

Influsnce of tetrahydrofuriuryl alcohol on the absorption
spectra of UO,(NOQ,),. ' :
UO,(NO,), 0.185 M - HNO, 044 M
1 «-«- UO,(NO,), 0.185 M = HNO, 0.44 M « &HF 35%{ -

2 Methocel 0.7%
2 - - - UO,(NO,), 0.185 M - HNO, 0.44 M - 4-HF 35% -

; ‘ Methocel 0.7% (aged 3 days)
HNO, 0.44 M - 4-HF 35% -

Methocel 0.7% (aged 17 days)
HNO, 0.44 M - 4-HF 35% -
Methocel 0.77 (aged 13 days)

3 ---- UQ,(NO,); 0.185 M

4:...UO,NO,), 0.185 M

qU 4-u  arwduiussznane 4-HF Ao gisila luiean

\{./
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U021uT asd LilusAuAnS N3 1N LRgamadge (19)
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AARNUIN A

1.  iadavilanan iianpauuy vertical jetting (17)

FEED OF URANIUM
SOLUTION

VIBRATOR

I e

NH, GAS

AQUEQUS "AMMONIA
SOLUTION

; ! — S —

) AQUEOUS GEL SPHERES TO
AMMONIA : AGING VESSEL *
SOLUTION '

Precipitatien device with vertical jetting.

- ) > i B
qu 1-a asiialaTasaiieslaslain3aviauuy vertical jetting

[ B | (] - & - A Z
a1unaunaauua:uuutﬂu 2 ABU AB ﬁuuaoﬂﬂﬁuauTusuu UR SHUBBVAIN]CRY
3 ’ : ’ L - - £ » -
uauTuLﬁu nﬁsmuma:uﬁuaﬁnﬂﬁnaua:n1ununaunﬂﬁuanTutuu.ﬁ11u911naoﬁuﬂ1ﬂuau1uluu
] ) - F ol L1 PSS . ot
BYISUITY 15-20 LIURA LUAS ﬂUﬂTﬂﬂﬂ:UlﬂuNﬂﬁuﬂﬂﬂﬂﬂ 0.7 UAILUAT ua:ua11ux§1uao

" -
ASHEA11.5 LURSABIUIN



2. a3avilanhinifiaveauuy horizontal jetting (17)
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M - ) a - . P e |
Ugnivaod tilosi iirtiunu tafaviiauuy vertical jettingudn ilov

LA D . s

TaslyiaSaviiauuy horizontal jettingavwql
’~ o o =4 o P =

wauTuiflsUszua 20 JadwAs uazssuciiven LAdouiinauilazan

wauTuifls vdu 11

d . - - v - .
nA W52 1.6 wasasduni ldyuTuntsusadszuia 15 avAn

NH,/AIR
%o VIBRATOR
¥ OVERFLOW ﬁﬂ;iﬁﬁ%;t
\ e o 5.'.0...
L v 25/ y*
[ty \TNOZZLE

NH,OH

GEL SPHERES

Precipitation device with horizontal jetting.

scpzanuatdaivd1sasany

fivfAluavdIsSazany

- o e P -
LIUA LWAS  LIadinga laadudadun1guauTu tde uiu. 0.07 Suii

U 2-a avsifinluTasaiiles laslgirSavliousy horizontal jetting

S



Wt

106

uﬁvd
UssIng Lueu

L 4 LY - L4 o - -
wisgwan  grnaun laduuSggninenddasiaiin @1paidnd 3numinende
.. v - . J =3 -4 @ -
sqwahune (Jdodnqsdnen 2525  wazlawa@nmreiianaisaiaiafes inalulad AMZ
PR & ; 4 - v v o of v
FAnssuAIans  avasaumnends  Tull w.d.2526  wazlaizmhvundaniude @Sy

asdaudnpAtansuas inalulad  asznsavdamsdans el w.aA.2528




	รายการอ้างอิง
	ภาคผนวก
	ประวัติผู้เขียนวิทยานิพนธ์

