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1* Introduction

This is tiie final report of the project contracted with IAEA, fro* 

October 1, li$67 to Deoeaber 14» l ÿ 6 y  for two je tx T s (Contraot No, y 6 6 /K B « 

ÿ 6 6 / k ï / H B ) . The aain oojects of the project are to develop ‘.he utilisat­

ion of Korean domestic clays and. minerals, such as kaoiinite, ssontaorill- 

onite and voraloulite groups» in the treatment of radioactive liquid waste 

and their disposal.

It is trell known that ciay minerals have cation exa^ange ca^aoties 

and. there have boon asiy studios on clay fro« the standpoint of low levs! 

r-dioaotive liquid w<*öte treatueut. A* tüö utilisation of radioxsotopes 

is inorsased &raduAily at the ittoaie energy ileseuroh Institute, 3eoul, 

Korea, the troataont and. safe disposal of the waste to the environaent 

becoae one of the aa^or problems to de studied. Therefore, in i>64 a 

vast« disposal plant vas constructed on the Bite of tnis Institute and a 

three—stage liquid wasta treatceut facility, in which io* iwvjI liquid 

•raste (10”̂ tfo/al—IQ-** .̂ o/tal) is absorbed b/ domestic claÿ, wa■ uesignea 

ana constructed. in the Reactor ^«jineering Division.

The vastes ar# produced sainl/ by the Laboratoiiea of isotope prod­

uction, radioactive analysis and otuer isotope Liandlin*; section, fcoût of 

nuolides are short live isotopes ana their activities are low-level. At 

the preuent, 2 siU reeearoh reactor is under construction in our Institute 

, and also power reactor is under obstruction uy Korean Liectric Cos y any 

by 127;>-

“The objects of ti.is Ouui.raot urchance tu awvslo; of low level liquid 

waste treatment ana tjieir disposal bj ««ana of naturel, oooouring ion ejcou- 

ange oityr Binerais. Miasralogical studies on oheaio&l and ihjrsio*l prope­

rties of the repreuentativa doa«stio oi«jf* were experimental!/ • valu*ted 

by cheuiical analjrsiu, particle distribution aeaaureaunt, X - r v  analysis 

unu «leotrophoretic mobility. The ion e z o h a ^ e  oataoitiwe and the sorpt­

ion of a radionuoliaes Sr->C -*nd C s - i ^ ^ i s o  stuuied.
voe/e



In order to Eu.ke much of the effective utilization of t^c clay in 

the liquid vast« treatment facilities, efforts were concentrated to the 

protreataent of the clays which. lead» to more seunoaio >.nd eiaple atthads. 

The feiodel test to optimise of the plant seal application using uom&stic 

clays nas introduced us a preliminary atuày on this experiment.

2. Kiaieral étudies 

2.-1. Ocourreno©

The cluy ninerale in Korea ur# bU£crier in -ualitj as well as atmr.u- 

ant in quantity. It van pr-oved that excellent Korean pottery h&& been 

manufactured euriier than other countries. tëoût Loreun kaolin«« ure 

consisted of halloysite in the sediaental aepoaite former uy efflorescence. 

The distribution is spread all over the country froa southwest to north 

and south of the peninsula. Depth of the deposits re&ches opproxiaately 

35 ooters. Acid clays produced aainly froa uouth-eastern par* of Korean 

are consisted of aontnorillonite group. Venaioulites distributed over 

central urea of puninsula are belonged to tue ole period preeaabriaa aoc 

are known a» the efflorescence aicaceoue gneieu.

Représentative savvies of the above minerals «ere takan frost the 

ueposits looated in following districts :

Kaolin : (l) Kaekak-Ki, Okjong-^un, Hadong-Kua, Kjoi^thwub*

(2) Haekck-Ri, Gou-^yun, Hiui-Chong-Kun, Kyongnsiu.

Acla clviy j Yukjon-Eong, Boughae-Hyun, Tong-II-iCun, Kyonbuk.

Veraioulite j Yuiigsa-Iti, Biboog-^iyun, Chong-yun g-is.un, Chun^uaa*

2—2. Minaralogical loentificatiun

iie»ults of ciienisal analytic by Aü'i'M and su -r^oten<*t ios jf

the representative sample oiays are shown in Table (i) and ¥»bl* (2)

"'he p^rtiole si&e distribution of the sample c l ^ «  was measured ttj And reus or 

pipette aethod euch that about lji clugr aneous suspoasion, to which «cdiua 

phospdute was adüed to give a good alay dispersion, was put into ta* pipette 

und the settling tiae as well as the settle* particle weight wae measures. 

The 'toko’s equation for u spherical partiale with the oorreotion faster



for a oaöio boiiy v«3 applies in the o&loulation of the particle eize 

siotribution, ______________ _

/ CJ - V
i.e.r - /----- -----------  (K * 1,611 r)

j 2(U.r D 2) gt

-hexe r» rar.ius of the epherioul partiel« (ca)

V * viscosity of fluid {&/ca/seo)

h- height ( eai)

1)̂ « specific gravity of the particle (ßr/cm)

Dg« specifio gravity of the fluid (tjr/es)

6« gravity acceleration (ajn*/oo) 

t- til»« (sec)

k- y Ad lus of Andreason pipette (cm)

■rüe »eaeureü sis* tiletxibution w*rs auo*n in T.-c-le { c) ^nu the specific 

gravities of the «ach Babies »«re as follows :

Q
■p«oific gravities at li 0 

lio-Doa.-- kaolin 2.^2

yan-C^ou*; kaolin 2.44

Ton^-Il ttoicL clay 2.52

Chsng~Y»ng veraiouilite i#i6

As x-rjy diffraction analysi* of Cu o h£-Yüö£ yeraioulite show« 

t/pieal peak at I4A, which Cu.u b« considered a» consisting k*S two loyere 

atruotur« asindioatet/in Pig (l). In the analgrsi» of Ha-I>on£ and ̂ an-Choog

fciolin, the peaks of the iiy tratst! hullo/sits #«rs clear as shown in Tig,

(l), tim« it aaàins jooa quality of kaolin. The ^eok of Tocjÿ-II aoic oltgr 

iti l'*î . (l) »jj^esteoi ttat- tht »insrui» oontain a lot of-orietobalite and 

otuer ispuritiea. X-r*y uiffraction uata of purified ol«gre »hows 

<.: amorphous,. Pit, (ü)!.

Tu« cabiou fcxoi:uijt;fc o-.paüiiities of t'.t s were measured by 

Ca ion adsorption. l’h« ««auurwd otip^oitirait eüuwn in l'abie (j). From. 

ttiis table it is oüvious fuots that lAmhiouXite ha.« jood excitants aapaoity 

tnau other ul^y Sbapiew.



3. Surface Characteristics of Suapendea auuij.lc clays

Sediaent&tion velooity of fine partiel« in  an expression of surface 
oii&ruoteristlos of the particle* It was found that, in general, a&xiaua

aediaentation Telocity occurred at tbe iso-electric point of the particle

surface* The aqeous clay suspension, aade of under 100 mesh particle»

was put into aeas cyrlinder and tue sedimentation velocity «a» measured.

'fhe kaolin type olsy (Ha-Don^ and üan-Ck^ng) shoved a aaxiaua sedinsntat-

ion velocity in strong acidic region, but other two clays (Totig-11 ana

Chong-7ang) showed the velocity iacreased ûs the acidity increases. The

i-tault» of Bödicentution. volooity of eaapie olays for vurious pH wtre

üi*0iJXi in Pig. (3)

For the efficient dispersion of tue clay, tne carbonate in the 

sample clay was roaoved by wasnin*; wxtn a »lightly acidic solution (-tvAo 

oaffer} and the reaoval of organic Better as weil a» free aunganese oxide 

xas aoooaplifetied by the treataent of tue clay with oydro^en pwroxide 

solution. It vas also necessary to rcaove free iron oxides oy treating 

writh tue. solution of uodiua acetate and sodiua bi-carbon;:.te for a effect­

ive segregation of the clay particle* 'The clay su&p&nsion uad«d sodiua 

carbonate solution was then warmed for aoout 20 ainutes. i’Jie fine clay 

Mineral (uniler 2 micron) vas obtained by aecantation and oeatrifu^ation of 

the clay aueptnsion ana û tid far tne «easureaent ct the electrophoretic 

mobility.

The uiv,otrok.in«tio ^ropertiaa of thv saa^ie cl«y s were i vestifcated 
by uieauurin^ thu uiectrophoretio nobility of tueir aqeous suspension as 

a 1’anction of pH. ü flat-typo, vertical uicro elwctrophoretio cell was 

uuad for tao uit>aeurc»afeat« Aie rw«ui t* of uiea«ur*atnto for purified fine 

Ui^y j»a alur.)ina for comparativs ^urpoi»e were ohown in Fitf. (4) ,

Tue eiotrophoretio aobilitiea of foiî -ll aoid oloy auu Chu«e;-ï-ttg 

veruieuiit« were negative rwgardleae of pH, but kaoiinite V » k clays 

(Ha-Dong and Jan-Cho;*;) i*v.ve positive values in «cro;^ aciuio i«£1jd.
¥ or aluaina the aobility »mu null ^nâ kb« Nation velocity »'ae

naxiuua at around neutral rogion.



It this coincident point, so oall*d iso-@l*otrio point, tiia partial« 

would har« uiniaua surface cuarge ana the sediaentation velocity va» u x <  

iaua by the inerease of the floaoulation. It oaa ba observed that th.* iso 

-el*otrio point of the kaolinite is batv«en 2.0 and 2.5 of pH and for the 

other, th* aobilitie* approach to null vh*a the acidity inoreaaea. Theae 

results agree vail with tha sadiaantation aeaaureaent as ahown in Fig, (3).

4. Sorption of radionuolid*a

Th* exporfciaanta of radionuclide adaorj tioa pltenoaena. by using 

Kaolinit«, Montscrillonit* and VanU.cwJ.it* groupa vara carried oat* Prior 

to t&ia actual adsorption t«sta, pretreataen*« of eaaple clay a vara ooaduo- 

t«d to study th* adsorption affect of Sr«ÿO and Ca-137* Coaparing stadias 

between rav olay ainerala and pr«tr*at*d elayr ain*r»la of adaorptioa ohara- 

c&eriatioa vara aade. Sr-^O and Cs-137 consist in the froa of i'r-^O KO^ 

and Ca-137 Cl solution pr*speotiv*2jr which w*r* purchased froa Aaarehaa Ra- 

dioahaaioal Centr* in U.I,,

Pretreataent of saapla olcgra*

Haat treatment

Th* partiola sis* of 60 a*ah Tong-11, Ha-Dong «lay* u i  20 aask 

Chong-Tang Yeraioulite wer« oaloin*d in tha «laotrio furnaaa at a teaparat-

ur* of 700°C for 1 hour and 650°C for 30 Minutes, respectively

Aoid treatment

Caloin*d Yong-11 and Ha-I)ong ol«jrs vara vaahad kgr diatillad vater 

and dried at a t*ap*r»ture 100°C. After then treated vitk 20jt lgrdroahleria 

aoid at th* rati«* 1 voliiae of dried oltyrs to 2 voluaaa of Igrdroahlorla aaid 

at a temperature 100°C for 1 hour* la ord«r to raaov* fr** M i d  fro« th*

aoiu treati»d imaples, vaahing proeedura vaa «la* aapl«Qred* Th*a* eaaplea
• t

night ba ohangad into Vdrogen aaturated” olaya aad m o m  iapurities 

of possible lia* ston«.

t



Alkali treatment

Sans procedures were acceptable in the alkali treatment of sample 

clays (Tong—11 and Hs-£ong) as mentioned above acid treatment except the 

treatment of alkali with 10$ soduim hydroxide. Also these samples eight be 

oonverted to "sodium saturated** clays and minimized lattice destruction.

Sodium treatment

It is well known the mineral Vermiculite exists in nature in assoc­

iation with its parent material mica and offers leas oation exchange 

capacity than pure one. In our present study, the transformations of 

mioa-veraiculite mixture to pure vemiculite in order to obtain and increase 

of their catiou exchange oapcitie* were oarricd out by the IK soaium chlor­

ide and hydrogen peroxide treatment* These samples might be saturated"with 

alkli metal and incremed cation exchange capacities.

4-2 Batoh processes for determining the selectivity of Ce-i37

In these batch experiments to study the uptake of raaionuelide, the 

simulated waste solution was made from distilled water spiked by radioceei- 

um. In order to investigate duly'adsorption properties for radiooesium as 

a function of pH variation of simulated waste solution to seleoted mcmple 

clays, 2$ dosage of ol^s (by weight) were added into the solution. After 

the equilibration, the effluent was centrifuged with 3,000 r.p.m. for 10 

min. and 2 ml sample was drawn to planmhet for counting in well scintill­

ation detector (luolear Chicago Corporation *od«l 202).

The adsorption teet for Cs-137 to yong-11 and rta-Dong a lays with 

pre-treatment, including acid and being calcined at 700°C was shown in Fig. 

(5)» It shows that removal peroent of Ce-ij7 a-"* superior.

In practical operation of three-atage liquid waste treatment plant, 

in order to avoid complicated pre-treatments of oi«y samples and consider­

ing economical problems, simple method of pre-treatment of a lu f minerals 

was applied as follows. In acid treatment, very dilute i^aroohlerio acid

7



ilCl : natör » 1 : 50 ) vus used to tre.it Yong-il acid cli^y without 
ïîcing oaloined. ïn alkali treatracntj 10 percent of aodiuM hyeroxiae vas 
used to tht. same samples without bein£, calcined.

•The adsorption data ci' the non-calcined cl„y sample* can oe observed 

ia .Fig {0), CoiiipüX'ing tilt two figures, removal percent of Cs-i_)7 w^e 

^anerally decreased in th« non-caloinwd eaaplee t/an calcined ones. It is 

indicated that the removal percent of Ca-137 1» found to De ÿy percent in 

non-oalcined Yonc—  U  *<.cid clay which vju.b treated hy ailute hydrochloric 

aei&.

It laeane tnat tue simplified pre-treatBent aethoa ana Yon&-il acid 

clay aro available to employ in the treatment of liquid vast«. In aaecrp- 

tion of Cb-1J7 to vtraiculite, tuere -wae no difference Oatween raw 0 1 ^ 3  

^ ncl pretreated on&s by 1 & sodiua chloride, and no variation, was >3server 

regardless cf the rang* cf pH as indicated in ?ifc- (73* Veraioulivs ie well 

known for its hi~,h affinity of rwciocösiiue. Th© u*x of versciaulite 

for the vetsoval of oeexuai i=> of iüiereet for two reasons, vuraioulite is 

one of the few cl;*/ «inertia wifcn a suffieiently lar^e particle tise to 

be of practical use in waste ccioontaaination, and vhen vcr&iculite it 

treated with one of the kali-iueta.1 cations or a&onia, the lattice spaaing 

changea aeasuraoly a ne. results in Gloria effects that ia^rov^a the exohange 

, i*Oi’ex*ti»a for ceulust.

î*itS i7) Bhowi* that tut; aarorption of Ca-137 to calqinea Vermiculite 

’«hioh was motivated by 1 £4 uoUiucs chloride was obtained a little hi^hor 

value tiian non-caioined one, Tue Haxi*uia au-aor^ti sc. point of heat troateu 

varasiouiite indioat#d on t;*o curve *aa found to bo it tAyi pii 7 una

thu uiaxiaua aarouption point of Ce— to wriu v<** >3«<slX*

<l*m«rally apeakiti;-, affinity for radiooestiua la rtaarkaoly ^upoxiur 

v o i 'u :  a l c ä ä  of pE ran^e in the eiwulated waste volution.

4-3 Batoh prootiuaee for doteriaiuing the ueleotivity of .,r-yO

Aasorption twits to atrontiuni-'y'C were carried out similarly as the 

ujtpbriiiente of ej*aiua~lj7* A* w« pointed out in the ^rojre»* report,Fig 

(o) uhowe that the reaovel percent of S;p-.ÿO to the aoid treated uaaple



j J. imJ i/ii»o UO W b wü oJitXii 1» t/ j. t?4-«- If ÜU L>Ẑ v- ij> cl «, ~L j..  ̂s/>̂ m à «..i fc

-‘v.L.'j Vk.*i jy t̂.£*CÎ42ïi'fc OX to1 i<X*0ïïtXUXu "to X'éiVï ÜÖXti CJj-c—j/ ti &l«̂Z*k!.t-Ls.

, ji’cent betweor. pH 6 c-t-a pH ÿ (iUu iJXJile the removal purcosit Wi.o ever 

j-) gerannt betwuen pii £-7 wfaen A.ijOU â ; of iecttea eî -yfc M*r*

a.dd.ecL into 50 wl cf ruxLioeolution.

ïiiô expoxiffiônte of nan-calcined sample olä*ß treatsu by allai* LyeLr- 

oouioric aoid (less th£ft Ip) vere also uüeex-ved. L*c roaovul , ti oe:*t of 

taeae 3aiayie ola/s .aae ^Taduail/ decreased tn^i; t;„at si' caiciu*«! onua.

Yoi.it;— 11 acid ciü/â treated by dilute ü/àrooàlorLc &cxa were si*ywn 

j j/, roraoval of Ur-^O around tLe i-IJ 6 tu t>Lutcn .in Fig • C*& ) Uousaaexxfcfc* 

economic point of view ox heating und uonaoutruttd hjarocnl'jric aciu. {'Zj >; 

tx'üutacint, «he complicated activations of c i *±tti i:Gl cjuIg. s® ax^-ilf ît-u 

\:uen thu liquid waste plant its operated in a 1 üx^ja ;-calt>.

Tone—11 «*oic. cla^ -.micii con&di»«* of cumtmox'iiloaite £.rou^. i.caer-j.iy 

ßi-eakint,, hü.« <=* j. r o p e r o f  dispersion in wafc^r oecatioe or its brfuiiir^ 

property, so tho proper particlo eia« can be u»uae eaaiiy üj üeat tr*at&ent. 

For improving; this fault, a new ot«.oïe «-xchan^cr w.-a prepared ov* xi;e c&ici- 

ru-tion of granular aositmovillcniits. The aeorottay of ioo-oxcLau^e ous.^civ 

d -e to the calcination can bo iaprovec b.y tue trt~nnoi.l witi. i^uro caloric 

acia or »oaiup l^aroxioe* It x.;.a found t: ut the. I’a-fojTa anu K—for» oxoha- 

ntfcr treaicd witli uoaiun ty ax-oxia« ana r̂ ;urooaioric aoxu wei-c uicfii.cnt in 

BXïuKV.ze oapaciV t.nu dcconiatusation f.votor for rauiwactive ic»a tr.an aox.- 

tre-tUv raw oijy- •

la tut. vexuiiooli'k.« Itibta fox- Utk ;>r-yü uuau^.txou «as .̂toü

infarior tauui uu-ij’/ >*o.s.uri tiuu ae iit J M f  ^10, il; taeve xa u j ut*i

a v ‘-ü Kao.x, uajoi.*>>lix;jnki of or-^ü to v«Xttiouiit« in p»acti.oal Oj.*rrttioa 

til» plusiti ax-u eounooiiortll/ XH^aoc^uate at th® preei.ut tx;.v.

■j* : i^nt «i>piio.^ion

’̂—1« JsOt*>u.*l ttr̂ t \

A three li^uxd v^aio wr^tüiuiu fuoxixV ttmah, proo«»*«« tat* low

ievbl liquid waot®* t.roaacin^ aaial^ fro* radioiuotop« produotx^n Ouiluint; 

and -..otivntion unajjrai# labartttwrj' ft. u 'i>«tn c/p&i'-i-ca. fi.w low Itvwi



. i/ÿïo coXXccT-ccv if*nuilXj  û̂»ïiK î.u:o wirtet*

- '-S- *  ̂t- ^ t. -V̂- ■— ;- X 1*11 St •

.;,or ,jQw.bi tô i j t , 5 a® ^ o rv lio  c j l ix e ie r  i a  tue volume o r •>/*«-sfcira

.i urss; st^e reaction sank incixdifig an ĉ ;i£uutor (20;> r.Â :*

-, , »c-a .rô j;»*  ea u.e suowa in  ^ig ( i< i) . Vü* expérimental ir&rksoo

u « >f r-~< ionaoiiacs by ueln^ tuu «.cx̂ 'lie c/Iinaer were curriea out.
—3 '- :tiuu .no- oê iusn :v̂ ,'̂ r.yxiM.. iv iy xu Ac/ax i  qvhx) «rsro j.-.êa ir*

, J. 'vt i •*■•£? ;30C t-1 WOûXCi *‘i- UjL VU*,,' -,UCXU Xü

...ret sL̂ .i; , 1 .t. t i-.iic .i1 .ßt:”'Tiijj V. o u»i._i-i-i« piitîiiu-aôna ueûifetn ci^rs

L'-.fi' 10 3O x -, X > Xi. »

f...j-'Li -ci- <bx-e acifcctou i - t u i e  »bjt ufccau&e ux" ii» c.-tup

J *J.; .j XK **^1 \J ̂  V.X si u l wf 3 g V,;t i ’’ 1 .4. - 0-*. Cà Ji'y ö .tfCfc'O L* G "5 X V <« va Ofc»*

t11 ‘ji £ \J Ci *.X -j î i’O f>OiÜ \ ̂  ̂ X , / v* f X* -L i  ̂̂ j j *414> i>- * *-"Ci 5̂/ '* *■* ̂ ̂■'X* — v.*X
: ...-vx;:j fro aoiüj v.x'î a n z ä  tfc.,. v,j- • Luxe .-ru, or «ubôu t 1 ,0 ii< 1 >.jkX m

•/ 1. x t;x\.i.LrüZ& .-f - ;,uê-. «.csi vx «i fluu oontrol

t* i:;voati;.y*leu the e.fcC'.'«t •-■miru.t 10r effect 01' ?-:^-i.i .soil ol<v *itfa 

v -liüù oix̂ - ioî ^ b  c-ûû o--nt.rc-.linj toe fie« f..‘ e uf îht r - .iosol^tion in 

- Qi:j * iü ovuel ro-iCtion tank.» Pig. (lj) tao'«’& ta.5.1 tac deci'n'i.æir -uiotL 

.:.xch ;>:.s upjrat»«.u mj increasiag Itie olay dosage w.*s irr oost tüc f±ov

r i ^  Mu.a v.'j Iitwrfe or miiiuxtc than one ex* two liters - .;r cii.aitc« Ik**tjVt.r 

tu t. x‘taoovw.1 jV&i'eont of ftr-^ü i;: i o:'îî _u b>> ^-.rctut in tuo .-r*-jstj>8ü vi1 -.5

ii »*.r» j.er .‘-liriutG of txov control, *.tvc x-wü-..v.*1 .-•.roent- rt‘.*eac3 j7

 ̂ .* li  ̂ A À O ii" O\Jîi LX'i. j, i/i' _**'* .''"ĴX* X’t’ IrXiUtî*

i''iio ^ax-cent of cir̂ j' î c ;,-.̂  .11.. ..o . i’q  ur, «j.© M't-t-.:. ,*t

/i' oi i blu<if-;« *rhich i-s 'nLoofi.t. . * t,il »••«- -..vk» leu.- -f ;..u*iu w,.«V ai>ij oc«i 

.ni ‘. = .î- x't-.u i-.4t-c «•:’ - 1 it»ri. ; X- r-iii*yit ..ill u*; a; ̂ x-ot rxate th^n <>r 

•. i.i;-! , >.r intte in ora^-r t ■ .. ,.r.- 1̂ . * 1..*.,« volume of u»..- x«.v«i *itiuxnu 

•--» It w.m ai.- 1 :: .:.<u *-àu rc. .v-ii  ̂» rcunt of 1- »U **t
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to be >0 ^exocnt in #aae oou&itioa as .;r-^ü. These S.F» Valu.««

for .'.r-ÿO, Os-137 in tiiis aoael tebt will be applied in tin» following

plant operation test.

5-2. ^lünt aeeign i

2-2-1 Theoretical problea ana awoontuinaiion f^otpr

(a) Th« relation of equilibrium between cisjr <una solution

Th« typioal plot in equilibrium «tut* between the oonoeotralion of

clajr, 2 una tb« ooncenwratioa of radiosolution, T is shown in Pig (I4 ).

The radioactivity concentration of tlx« solid (oiaj'} aad the solutioa would 

be graphed as a diagonal line, and finalljr ss unohanging oonst&nt aurvs 

beyond a oertain valu* S. The ohaegs of the curve would depend upon ths 

adsorption ability of olay, Ps* tenpsratwe, and the concentration of the 

solution.

It is supposed that X and T cam b« expresesd as a linear equation

concerned as the following aanner, because the concentration of radiosol»

ution, T with waioh w*t.u dealt in the plant application experiments was la
-i -6 /u seail ran^e of radioactivities to 10 -10 S<Q/ml level.

X - kT . . . ........................  . (1)

«here k is a proportional constant »hick is siailar to Bear*jr* ooastaat

in the relationship of liquid and solid stats. It can bs assuasd that 

above «quation (l) is available in the equilibrium condition of dilate 

solution.

The ceoontaaination faotor was found to be 5*3 for 3r-20 «ad 10 for 

Cs-137 in the model test as sentioned before. In the aodel teet proper 

dosac« of ola/ is V  weight oi eolation. If we take tha initial conc­

entration of raöioaolution, To, k values oaa be theoratioalljr sal eu 1 «.ted 

for ^r-^0 and Ce-lj7 respectively.

i.e. ï*or Sr-ÿO

T oX" —  ■ »  ■ ito/wl 
5 0

2X . 100 To ( 1 - -r\ —  )

11



When the values of X »na T are put into above equation (l),

ks « for Sr-ÿG could be calculated as follovres.

________~_____214 ( - U tSÙ F. . <&- S2i “ -----  )
T Mo/ai of solution

for Cs-137

10

2 X - 100 î0 ( i - — — )
10

ko - — -—  » 450 
I

(b) Calculation of stage and feed, ratio

The flow diagram of three stage counter current sg stea of the plant 

between day and radiosolution is given in Fig. (15)

Where L » flow rate of solution oal/min.

S - flow rate of solid gr/sin.

T « concentration of solution po/ml 

X » Concentration of solid f<o/gr

Taking material balance in eaoh stage

Lo yo - ^  IL - SjL Xj - S2 X2

Li T1 * L2 T2 • S2 h  ~ s3 *3 ! . . . . . . .  i 2 )

Lj Y„ - Lx I. - S, X, - So Xo
* <- 3 3 3 3

The Initial concentration of olv inlet, is talMtii Xo » 0 

and Lo • • L

So ■ « Sg » m S

12



S ï »
Supposing ■ - iß e^aai to K and kX i> *»<iual to K,

kK* - K

3 __X
L * T

Xi-Ac Ti

Uten *cj.uiliüriu» condition rcaoh«« fro« *aoh stage of the ay ate*. 

Equation (2) becoaes

(1 ♦ K) ^  - K I2 - T0

- i1 + (i + k) r2 - ky3 - Û I . . . , .. . ( i )

- x2 + (i + k ) t3 - o ;

In first stag*

. A .t J t A JiL  ..............................  ( 4 )

To (i-^^)(l4K)

in Second stag*

t2 1 + K_____

To (1+I2){1+K) ................................. ( 5 )

in final »tug« (thiro. »tage)

r,
( 6 )

TO (1-Ä2)(l4i0

Ifken Zft Tagr weight of olajr is added into radiosolution, 

the ueooataaination factor can be oaloulated as follows.

3 2 k*
L  100 ‘ *

K - kJC'

For 3r~^0

K - k m K' - 214 x — foo" ̂

I;. F. relues of eaoh stage oan be worked out when K value is put 

into équation (4)1 (5) ^nti (6)*

1^



To 4*3 To - 20.3 T0 103

Fop Ca-137

K > ko K* - 450 i — ~—  - 9
100

T1 - 1 T2 1 T3 1
" ' Q » m » ~
T0 * T0 62 T0 820

I), P. Vi*lu«soaloula.ted for 3r-?0 are 4*3 in fiat stage, 20.3 in aaoond 
stage, <icd 103 in final stag* r®sp«otiT«ly, and D.F. Valu«« caloulated 

for Ca-137 are 9» 62 and 820 rsspeotirely*

9-2-2. Tr«at**ut facilities

Prinoiple design oriteria  ̂the treataont facilities va» .

low level liquid vaste treatnent using looal ola/ sinexals iruioh har» 

natural ooouring ion exchange oapaoities. The plant conists of three unit 

of sludge settling tanka «tad thre« reaction tanka aa shown in Pit;. (16,17). 

Feeding vu. at* solution to first raaotion tank and ol^y ai acral a to third 

reaction tank« oosnt currant flow qystea of waete solution and olnyr «in*r- 

als has been esplojred in this plat*

It should also pay attention not onljr to keep froa the daaage of 

radiation hasards bat also tha operation faults during treating raaioaotire 

Materials. Considsring thia point of view a ssai-autoaaile oontrol afmtmm 

has been installed in this plant to pravent overflows of vast« solution 

fra« settling and rsaotion tanks as shown in Tig. (10,1$)«

If tha flows between settling tank and reaction tank are unbalanced, 

alero switches,aegnet switches, danpar aotors and etc oan be out off 

autosatisally •

14



5-3* üporation expexifcorsoea and résulta

In order to datemine th» dsoontsainabls capaoitiea of three »tac.» 

plant tLa plant Application tost on radioatrontiu», oeaiua, *ere carried 

out* Representative olay ainerala suoh aa Tong—Il aoia oltyre pretreated 

bjr dilute by aroahlorio aold (36^ HC1 t water - 1»5°) were used in this 

plant application experisents, bsoause of it* aainly aontaorillcnite 

group in nineralogioal oonpontion, ita loir ooat and ita abunoanoe in ^uantiti-

Tha olagr* ara auppliad with 2$ dosage (by weight of faad waste solution, 

by ol«jr hoppar apparatus into third rsaotion tank where has oaan inttalleo a 

200 r.p.a* paddale type agitator* Vaata solution usad in this experiaents 

contains Sr-90 (Sî ° KOj), Cs - 137 (Cs*^ Cl) ssparately. In tha tàird 

reaotion tank, tha olaya and waste solution ara raaotad initially, after 

than tha slurxy is puapsd up to third settling tank in order to sattla 

down in solid pits»** Th* sludge sattlad ara flowad into th« aacond react­

ion tank where aaoond stags raaotion oooursd between clays and waata solution. 

Also thrs* tints reactions wsrs aoocMplishod in ths eveiy stages as siailar 

fashion asntioned abova.

Ska diss filter with a coapressor and two vacuus puaps is conneotsd wiii. 
fist ssttlar for separating olsyr sludge froa slur 37 ooadition solution 
as show» in f ig » (20) Tha olay sludge and affluant ara wall separat ad fro« 

ths slarrgr during diso filter ar«ratioa and extra«*!/ satisfactory result 

in voluae reduction of tha slurry was obtained* The separated aludge are 

handled as solid waetes and the effluent la pnapsd fron diao filter to 

storage tank*

Ssoondarily, radioaolution is feeded to the first reaction tank and 

reacted with slsys* The solution deoontaainated la diaohazged to sonorete 

atorage pond, aonltored and finally released to envirosasnt. Tke flov 

rats of tks feed solution is 2 liters per ainuite and the olsy dosage is 
40 grass per ninuits (2jC kyr weight). Four saspliag points wars sslsstsd 

at feed tank and on the tops of eaeh settling tanka* Saaples were taken 

every hours after steady state was raaohed ana counted in order to nonpar* 

with the theoretical voluee and experimental onee. He have had a plant 

operational experiaanta using S-35vI2S ^  ü4? Cr-$1 (Xa2 Cr^1 0^) whisk



are bcin< produeed by our reaotor. 2b that experiment, it v«s known teat 

the itudjr «tat« in continuous counter current flow n >  reached ajproxis- 

ateiy arond 25 hours after startlag; operation of the plant.

Fif. (21) sàows that the decontamination f&otor of tha plant waa 

found to ba approximately 100 is final stag« whaa Sr-90 waa used. These 

ralaas abtained by tha plant application tast wail agreo&ed with th* 

th«orati«al ones in fiat and final stages whila slightly inferior value 

was ehowa than theoretial on« in sooond atage* ?ig (22) shows that L. F. 

was found to ba approiiaateiy Ö00 la final stag« when Ca-137 **• ua«d aad 

th« valu«s of th« tast w«ra wall aatiafiad with theoretical ones in all 

stages.

6. Economic evaluation

Tha objects of tha ocat evaluation ara to inoluda tha etamenta which 

should ba necessary not omljr etraight forward operational coats of waste 

management but also indirect oosts. At th« present time, Expenditures of 

raw claya and pretreatment by uainf olsy minerale to ba incladed in this 
study will be defined.

It might be expected that the oapaoity of the plant would b» I44O 
liters par month when the plant runs 6 hour a day 6 dmjrm m week operation» 

and the flow rate of the plant ia 2 liters per a-inuita. Aavumitiç 2% (by 

weight) olsy ai nereis are used, approximately 4 tons par year of raw ol^ya 
will ba neoocaaiy and required pre-treatment so aa to iaprove D. F. Value.

3ft
Costs of olay auaerials inoluding pre-treataent aa follows .

A.

Iona-ill aojd alar TexmlouUte

Acid treatment(dilute HCl) Raw olnjr

S200/ton x 4 1260/ton x  A
• ft800/ycar - SI120/year

Alkali treataent

»30C/ton x 4 
1,200/year

16



It show» that tii« costa of alkali treutsent of Yong-il aciu clay 

are higher 1.5 tinea than ao.ld treatment. Th« coats of acid treaatent of 

Yong-11 aoid olajr will ba within I0j4 of the ovcrheade of managing lew 
level liquid wastes in our Institut«.

7. Conclusions

Ths repr«ssntative domestic olay Minerals suoh «s ïong-Ii acid olay, 

Ha-Dong ola# and flhorig-Tang Veraioulit« w«r« s«l«»ct«d as groups of aentaor- 

illonit«, kaolins and Y«raioulit« fro« th« t«n eaaplea which ar« prdoaoed 

osainljr « M t  and south ooaat in our contr/.

Preliainaiy studisa of this sontract covered ainerslogioal studies 

and their sorption characteristics of long-lived nuclides such as ^r-^O* 

and Cs-137*

Ext«nsiv« works on plant appioation und its economic probl«as war« 

oono«ntrated to find optiaua operation condition« of th« thr«« «tug« 

liquid waste faoiliti«« through th« fundaaantal adsoption studies, plant 

design criteria and Mod«1 test.

Th« conclusions susa&ris«d ar« as follows :

1. Th« representative olajr saaples such a s ’I>ug-Il aoid ola^y , K<±—Dong 

cloy and Choug-Tang V«raioulit« hare base exchange oapaeiti*« of 56.1, I5.4  

and 70*8 M«<j/l00 gr r«sp«otiv*ly. Ând their oh «ai or. 1 ooapo«itions ar«

3102 for Tong-11 acid olajr rod Ha-Dong ol*S7, and SiC^ *nd XgO for Chong-Tang 
Yeraiculit«.

2* Maxiaua reaoval percent o b  Zf» of Tong-11 «old cluy tr«at«d bjr dilute 

hydroohrolio aoid (less than 1%) vas round to be 95£t while 3̂*29» of reaoval 

of Ca-137 on 2jt raw Veraioulitc and aaxiaua 9T,68% of reaoval on 2Jt Veraio- 

ulite treated by 1M KaCl were obtained at the wide ranee of pH.

3« For the rcaoval of Sr-ÿO, generally aoid tr«at«d oiays ar« b«tt«r 

than alkali treated on«s. 93£ of reaevsl of Sr-^0 on 2jC Ton«-11 aoid al«gr 

treated by HC1 (l«sa than 1>) was obtained around pH b» whil« the raaoval 

persents of br-ÿO for 2% and 5% Tong-11 seid ol^r trsated h* 20^ KC1 were 

indicated to be and over yyjt. The affiait/ of Vsrsioullte on S ^ O

was inferior than Cs-137«

17



4* Considering the probleas of disposai of the clay sludge and pract­

ical rfuate treatments 2jo dosage of olajr and 2 liter per ninuite of flow 

rate of feed solution would be appropriate in the Model teat,

Optiauft operating conditions of three stage liquid plant were fixed 

up as 2 liters per ainuite of flow rate of feed solution und 2> aos^ge of 

oliiy treated oy vexgr dilute faydroohlorio acid (less than 1>>) to the feed 

solution and decontamination of the plant tests were well satisfied with 

the theoretical ones in all stage.
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Table (1) Che«ioa?, ooaposltion of oolleeted aiaym

______________________ Si02 A1202 ?»20j CaC Hgö K20 17»2c Ig Loam

3a—Dong Kaolin 42-34 40.23 G.37 l . H j  0.63 Tr Tr ü .41
Yong-11 acid cls j 49-19 27*72 6.5c 1.4ß 1.24 - - 12*55

Chong-Tang Y«r«iioulit*239.75 15*89 8.62 3.52 21.37 2*70 0.32 27.64

Table (2) Character!atioa Data of th« sauapla clay a

Saapl« Coaaereial Color pH of the Sis* di&trit?
Fo, Vase Aqueous üuepensioß ution.

1. Te-San Clay Light gray 5-12 66

2. Ha-Song * white 7.42 7S

3. Itong-hae Hiaepore Ligat br^wn 5.15 14

4. Shin-Ro-Won clay Light grur 5.96 76

5. Ye-Ri M Light pino 6.10 57

6 . Po—Chun *» Light gray 8.46 —

7. Tong-11 " White 5.06 49

8. Chu-An « Gray 7*41 43

*. Ui-3ung *• Light gray Ö.45 35

10. Chong—Yang 
Yerxdoulite

Tellovieh brown 6.25 -

Table (3) Cation (Ca++) iutahanxe Capacity

j&ucple Cation Exchange Cap. 
(Jleq/lOGg)

Ha-Dong Kao lift 15.4

Yoog-IlAeid Cl«y 56.1

Chong-Taiif 70.6
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(17) Tiir«« »tag« liquid vast« tx*ut«*nt faoiliti««
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Scintifio Background of the Project
v_

One of the moat economical ufeihou of troatiu£ the radioactive 
liquid, waste at low level and. medium level iaay be the clay adsorption of

radionuclides. The Korean Atomic iiuer^y Beuearoh Institute had been

applying the aurytion method *

Th« decontamination factor, however, has been fluctuated so such 

that there have "been a great deal of difficulties in practising the seethe^ 

This asy he froa the non-uniformities of the local oluys and the waste 

qualities as well as the lack pretreating the clay, the sorption- charac­

teristics ana the effetive application.

This Atomic Energy iieaearoh Institute has been operated a three 

-stage liquid waste treatment facility which process the low level liquid 

waste (10 )ic/nl — 10 uc/ml). The study dealts with not only fundam­

ental on local alay minerals (ohetaical, X-ray, sorption study etc) but 

also determining a optimum conaiton in the operation of thrfee-fctage unit.

.Experimental Method

:Phe representative clay minerals such as Kaolin, Montaorillcnite 

and Vermiculite groups were selected. The ainer&logical studies n«re 

carried out by colour, sise distribution, pfi of the aqueous suspension, 

cation exchange capacities, X-ray analysis and ohewical coapoaition
m

As the pre-treatment method calcination and non-caloinatxon, trt^; 

meat with hydrooiiiorio aoid, sodium hydroxiae or sodiua chloride Mere 

used in the treatment simulated waste solution.

In batoh experiments the uptake of i>r-̂ Q «nu Cs-iJ7 fro« eaaj.l* 

solutions (distilled water plus ::r->’0 or Gs-lJ7) vas aefined. During 

experiments, different pH and clay dose were applied. In other experim­

ents adsorption of "r-yo and Os-137 ** A function of pB was defined. 

Deoontaaination with cl»jr minerals was then applied for the treatment of 

the plant through the fundaaental adsorption studies, plant design oriten 

and Kodel test*



Résulta Obtained

1. Th« repräsentativ« d a y  Maples such as Yong-Il acid clay, ila-Do:^

oiay .-.na Chong—Yang Veraioulit« hav« bas« exchange capacities of pb.i,ij.4 

and 70.Ö iieq/lCU gr respectively* • And their chfoaical competitions üre

Si02 for Yong-ll acio. clay and Ha-Doug cla^, an«,, liiü^ ana K&C for Ckoiig-T-triü 

Veraioalite.

2. Haxiatum re®oval percent on 2ß> of Yong-11 aciu clay treated bj' uilute

h/droohrolic acid (less than 1>) was foun<^ to be Küile

val of Cs-137 on Zß raw Veræioulite ana uaaisua ^ 7»öö̂ o of r«aov*l on 2> 

Vermiculits treated by 1M IlaCI were obtained at tr.* wide rang« of p!I.

3« For tae xttanovtil of -r-ÿû, tfuuwraiiy *oiu trauma cxdys tiin ü«tter

than alkali treated on«..s. J 3,-c of x'o.uovu.l of .r—;>G or* 2p Jor^-xL aoid ciay 

treated b,/ Ü U1 (less tnaa x, «} was j stained arouna pii o, «ßxie tue ixuoval 

peroents of Sr-90 for ana 3,« long-ll aciti oiay tre^tea ^  HCl were

indicated to b« yo-ÿÿÂ» and orer The affinity of Varaiculit* on • -r-;U

was inferior than Us-137»

4 . Considering the p r ob le m of disposai of the clay elud^e anu pract­

ical waste trsataent, 2% dosais of d a ^  ana 2 liter pur ai imite of flow

rate of feed solution woula oe appropriate in tho Houoi

Optimum operating conditions of tnree liquid plant were fixsd

up au 2 liter« pur ai nui te of /low rate cf feed 3oiution ana ü> douane of

clay treated oy very uilut« hydrochloric acid (less than 1^) to tu« fv«d

solution and decontamination of the plant tt-sts were w«ll yatisfiec. with 

the theoretical ones in all ata^e.

Conclusions

Preliminary atudius of this contract covered uineralo^ioal tituuios 

and their Boption ch aracteristies a f  lontf-lived nucliu«« such a s  x-j' 

and C s-137* "Ph* r e p r e s e n ta t iv e  domestic o lay  m inorais auch a s  Yci^ - l i  

acid d a y ,  Ha-3 on*; clay und Chon^-Yang o iay  wer« selected as a ^cx-^i « of 

i'ontBorillonito, Kaoline mid V«uaiioulit« in this project.



iu.tenüive werk a on pi. un t  ap p lication  tnu itü  cooi;c^ic 
t.cs-e c jr-OtentiTüteß to Tina à.n oj/fcXiiU'ii o^ariitior; contii*,îoï:3 iî' 

ï^x-uufoü tjue fuuû.'Â&bdtc.l a& a'v ra tio n  i-tûûiec, ;..U',nt d-.>iüwn -jri*
i,OCît;i XG£i"t#

i-auer publis^n^ o u  ^orkuoue unaer t.-vc co n tra ct

*

rJö« of r.orouï. ciuy a m en a, su iu  t,n« treaiBb&t of r&c

tr.fc ï, itir.t

:.c-ri~ »r/i

1  C c iC U i V®

J . o f  iLerean Giaen;. r .c i, >5?C 

f, *11.1 iie ,:abli'ai.ec)


