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i, Imtrouwuction

This is tuwe final report of tie .roject contracted with Ii:A from
October 1, 1947 to Deceaber 14, 176y for two yeurs {Contruct Noc. 566/KB &
566/5i/HB). The muin objects of the project are toc develop “Le utilizet-
iocn of Korezn domestic olays and ninerals, such as kaclinite, uontmorilil-

onite and voraloulite groupa, in the troatment of radioactive li.uid waste

and their disposal.

It is well known thaat clay winerals have cition exosunge ca,aoties
and there have becn wany studics on clay from the sitancpsint of low level
ruediocaoctive licuid wunte treatuent. ia tue utilisation of radioisotopes
is inorsased graduaily ut the Atomic itnergy lesevuroh Instituie, 3ecul,
Korea, tie trsatacni und safe disposal of the waste tc the environment
become one of the mu,or problems to be siudied. Therefore, in 1454 a
waste disposul plunt wus oonzciructeu on the eite of tnis In.titute und &
three-stage liguid waste treaimenut tuecility, in which low iewsl liquid
waste (10'4, ﬂq/ml—lﬂ’é Ho/wl) is abeO¥bed by omestic clay, wis cesignec

and conestracted in the Reactor fngineering Livisiun.

The wastes are produced muinly by the Laborwtories of isotope prud-
uction, radicactive unalyeis and cotuer isotope Landling seotiom. Hout of
nuclides ars sikort live isotopes anu their activities are low-level. it
the present, 2 A% researos reactor is under construction in cur Institute
and also power reactor is undsr cunstruction vy Koreua Liectric Company
by 1375

The objects of t.ie ovvuiraot enhance tu cevslo; of low level liuid
wuste treutment anu tueir disposul by means of naturul occoouring ion exou-
ange oiiy minerals. Minsralogical cstudice on chemical und physiocal proje-
riies of ihe reprecentative domestio nluys were experiasntally evaluated
by chewioal anulysis, partiocle distribution measurement, X-ru, anclysie
wnu sleotrophoretic mobility. The ion exoliaunie capuoitive wnd ti.e sorpt-

ion of a radionuclives S5r- 0 und C--l:?”&lao stuuied.
Were
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in crder %o n.ke much of the effeotive utilization c¢f t.c¢ cluy in
the liyuid wanste treatment facilitvies, efforte were conoentrated ts ihe
girotreatment of the clays which leads %0 more ecounomic «nd simple zethods.
The Hodel test to optimise ¢f the plunt soal appliocution using comestic

clays w=s introduced as & preliminary stucy on this experiment.

Ze MNianderal Studies
Z=l. Goourrenos

The olay iin§ralu in Korea ure sucerier in uuslity as well as abunu-
ant in quantity. It was proved that excellent Korean pottery hau been
menufactured euriier than other countries. Nout horeun kuociines wure
ponuisied of halloysite in the sedimental aeposits formez Ly efflorescencs.
The distribution is spread ull over the country from southwsst ic north
and southk of the peninsula. Tepth of the deposite Trezches opproxinately
35 meters. Acid ocluays produced mainly from uouth—eastern urt of Korean
are consisted of montnorillomite group., Versmioulites distributed over
gentral area of puninsula ure belonged to tne olc period precambriam anc

are known as the effloresccnce aicuoecus gneies.

Eepresnentative sai,les of the above minerals were takosn from the
seposits loocated in folliowing distriots
Xaclin : (1) Kaskak-Ri, Ukjong=ryun, Hadong-Eun, KyOrghige.
(2) YNaekok-Ri, Osu-#yun, Bua-Chong=-Kun, Kyongnam.
Acld cluy : Yukjom-Long, Ioughae=myun, Yong=II=Kun, Kyonbuk.
Vermioulite: Yangsa-iti, Bibong=-iyun, Chong-yung-iun, Chungnum.

é=2. Hinaralogical Iventifiomtioun

Results of vhemical anulysic by AGTH Cicl-H0 and tuuraoteriatios of
tLhe rupresentative sumple olays are mhown in Tuble (i) una Table (&)
The purticle sise distrivution of the Buaple cluy 8 was measured 5, Andreuscr
pipette methoa wuch thut wbout 1® cluy mygeous suspoasiuvn, to which sciium
phiogpuate was adued to give u yood olay dispersion, wes put into ths pipstie
und the settling time as well as the settled purtiole weipht wie measure..

Tue L toke's cqyuation for u s, hericual gartiole with ihe correotion fastor



for 4 cubic boidy wasd eppliec in the caloulation of the jarticle size

giotrivbution, _
/ 4 ’1 2»/
i.e.r = | - (K = 1.612 1)
/ . ‘ i i
J 2(Dl D) gt
«pere r= racius of the spherionl particle (coz)

Y = vissosity of Fluid (g/cm/sec)

h= height {ow)
D, = speoific gravity of the particle {gr/cwm)
Dy= specific gravity of the fluid (gx/em)
g= gravity acceleration (dyne/om)

t= tine (seo)

kem yadius of Andreason pipette (cm)

ine meapured sise distribution wers anown in Table {2) und the =pecific

gravities of the euch sam;les were ua follows :

speoific gravitiea at 1%

Ha=liony kaclin 2.52
San=Ciong kaolin ' 2.44
Yong-Ii aoid olay 2.52
Chsng=~Yung veruioullite £e3D

As z-ruy diffraction snalysis of Chong-Yung verwiculite shows
t/pical peak uat L4i, wiich cull D& considered as cousisting of two lnyers
structure asinuiocatalin Fig (1). In the analysis of Ha-Dong und San-Chong
ki0iin, the jeaks o7 the Lyurated hulloysite were ciesr as shown in Pig.
(1), thus it mesns goou quelity of kaolin. '"The pesk of Youg-Il aociu clay
in Mp. (1) suoceated tuat the mineruis oontain & lot oflorietobalite und
Bote vtuer impuritien. £L-rey uiffrustion dmta of jpucified clays shows

Lwierslly saorphous Fi, (&)

Tne cutlion exoiLun e O.pabilltios of the Cliy 8 Wwere ucasured by
Ci ion wd@orpticn. Phe mMewdured vupwoitim aze shivwn in Tavie (3). From
tuine table it fe vbvious foote $hat Veruiloulite hus ood exenan,e ocupacity

inan other viay sumplew,.



3. Lurface Gharactoristics of tuspendeca saaple cluye

Seitimentetion valcoity of fine purticle is an oxpression of surrace
characteristios of the particle. It was found thut, in general, amaxiaum

sedimentation velocity coccurred at tne iso-electiric point of the particle
surface. The mgeous clay suspensicn, made of under 100 mesh particle,
w8 put into mess qylinder and the sedimentution velocity was measursd.
"The kaclin type olasy (Ba-Dong and San-Chang) showed a maximum sedimzntai-
ion velocity in strong acidic region, but other two clays {Youg-il anu
Chong=Yans) showed the velocity iaoreused us thue acicit; increasew. Tae
rezulte of sedimentution velooity of sample clay: for variocus pH were

sh.oun in Fig. {3)-

Por the eifiocient dispersion of tue olay, tuc carbonate in the
sanple olay was Fomoved by wasning witn u slightiy colidic asolution ([usAc
puffer) and the removal of organic m.tter as well us free munganese oxice
Was acoomplished by the treatment of the olay with pydrogen peroxide
solution. It was wlso necessary to rokove frec iron oxidea vy treating
with tue aciution of sodium acetate and sodium biwcuarbonate for a effeot-
ive segregation of the olay partiole, fhe cluy suspension sadsd scdium
cuzrbonate #clutiorn was tien warmed ror adbcut 20 ainutes. Jhe fine slay
mineral{under  mioron) was cotained by cecantation amdi centrifugation of
the clay susycneion ane usud for tne weasurement of ihe electrophoretio
nobility.

The wivotrokinetic propertios of tihv 805,10 Clays were i .vestigatea
by weasuring the vieotropboretic mebility of tueir agecus suspensicn as
& Tuanction of pile o Liot-trpo, vertiosl wicro elwotropboretio oell was
wsad for toe wuvaburciiet. Jue rosulbe of uessurswents for puritfies fine

Ciwy ana aluninge for cuiiparative parpowe were siuwn in Fige Lal,

Tue vlotropuoisetio mobilities of Yony=Ii aoid oluy auu Chuug=Y.ng
veruiocuiite vere negative regardlese of ph, but kaciinite i ocigywe
(Hu=Dong eni Jan-CLos,) Leve positivuy values il wilong «0iclo regivn.
For clumine the mobllity was null «nd bhe pedikonseiion velocliy rue

KuXioum of WPOLIM DeUlrsl ruglron.
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At this coincldent point, so oalled iso—cleotric point, the partiosle
would have winiaum surface charge and the sedimentation veloolty was max-
imum by the inerease of the floesculation. It ozn de ob:ervod'that the isc
-elsotrio point of the kuolinite is between 2.0 and 2.5 of pH and for the
other, the mobilitise approach to null when the acidity incoreases. These
results agree well with the sedimentation measurement as shoxn in Fig. (3).

4. Sorption of radionuclides
The exporyiseants of rudionuolide adsor;tiom plenomena By using

Kaolinite, Montacrillonite and Vermioculite groups were carried out. Prior
to this actual adsorption tests, pretreatasnis of sample olaye wers comduac-
ted to study the adsorption effect of 5r-90 and Cs-137. Comparing studies
betwesen raw olay minerale and pretreated olay einerals of adsorptios chare-
oSerietios were made. Sr-:0 and Cs~137 consiat in the {rom of “p-30 103
and Cs~-137 Cl solution presgeotively which were purohased from Amersham Ra-

dicchemical Centre in Y.K.

Fretreutmont of sample clays.
Heat treatmaent
The partiols size of 80 mesh Yong-ll, Ha~Dong elays amd 20 mesh
Chong-~Yang Yermiculite wers culcined in ths electric furnaee at a temperat-
ure of 700°c for 1 hcur and 650°C for 30 minutes, respsotively |

Aojd tresatment

Caloined Yong~ll and Ha-~long clays were washed by distilled vater
and dried mt a temjerature 100°C. After them treated with 20% hydroechlorie
a0id at the rutic 1 volume of dried clays to 2 volumea of hydrochloria aseid
at a temperature 100°C for 1 hour. In order to rewmove free acid from the
aciu treated sumples, washing proesedure was alse smplayed. These samples
might be ohwnged into -Aydrogem suturated” olays and Tremoved impurities
of possible lime stone.



Alkali treataent

Sams procedures were acceptabie in the alkalli treaiment of sampie
olays {Yong~ll and Ha-Dong) as menticned above acidi treatment exce;t the
treatment of alkali with 10% soduim hydroxide. Also these samples might be
converted to "“sodium saturated® clays and minimized latiice destruction.

Sodium treatment
It is well known the mineral vermiculite exisis in nature in assoc-

iution with its parent material mioca and offera lcss cation exohange
capacity than pure one. 1In our present study, the transformations of
micu~-verniculite mixture to pure vemiculite in order to cbtain and increase
of their catiou exchange oapcities were ocurricd out by the 1¥ socium chlor-
ide and hydrogen peroxide treataent., These samples wight be saturated with

slkli metal and incresed cation exchange sapacities.

4-2 Batoh prooesses for determining the aclectivity of Ce-i37

In these batch experiments tc study the uptuke of raaicnuolice, the
simulated waste solution was made froi distilied water spiked by radiocesi-
um. In order %o investigate &ulyfédaorption properties for radiocesium am
a funotion of pH wariation of simulated waste sclution to selected scmple
oluys, 2% dosage of olays (by weisht) were added into the solution. After
the eguilibration, the effiuent was centrifuged with 3,000 r.p.m. for 10
min. and 2 ml sumple war drawn to plunehet for gounting in well sointill-
«tion deteoctor (Nuoclear Chiocago Corporation rodel 202). |

The adsorption test for Ce-~137 to yong-ll and na~Dong olays with
pre=-treatment, including acid and being oaloined at 700°C was stown in Fig.
{5). It shows thut removal peroent of Cs-i;7 wre superior.

In practiocal operation of turee-atage liyuid waste treatment plant,
in order to avoid ocomplicated pre-trsatmesats of olay samples anu coasider-
ing eoonomiocal problems, simple method of pre-treutment of cluy minerais
was applied as foilows. In aold treatment, very dilute hydaroohlerio acid



(58,5 101 s water = 1 : 50) wuB used to tre.t Yong-il aoid cluy without
neing owxleined. In ulkali treatment, 10 percent of scdium hyeroxice was

uscd to the sume gamples without bein; calcined,

The adsorition data ci' the non—-eulcined cl.y samples cun ne obzerved
in fig (6). Cowparing the two figures, removul ercent of (B-i,7 w:e
. enerally deoreased in the non-caloined samples t.an culcined ones. It is
indicatest that the removal percent of Cs~13T is found to be Y5 percent in
non=galeined Yong~— i «cid clay vhigh uwas treutcd by cilute bydrochlorie
aeld.

It means tuct the simplified pre~treatmeni methoa snu Yong-il acid
clay are availabic to employ in the ireatment of licuid wwste. In acecrp—
tion of CB=137 to vermiculite, trerc wue no difference batween row Sluy 3
«nt pretreated ones by 1 K sodiwe e¢hloride. und no variation was soperveo
regardless cf the ronse of pi as inalcated in Pig (7). Vermiouli.e is well
known for its hiph zffinity of rwdiocesium. The uoc of vermigulite Bystw:
fur the yemoval of cesium is of icterewt for two rcasons, voraioulite is
on€ of the few cluy minercls wite a sufficiently large jurticle size to
be of ractical use in waste cdeoontamlnaticon, .nd when vermlculite is
treated with one of ihe kali-uetal cautions or smonia, the L.itice spaocing
chiuges asasaradly wn.e resultm in uterio effects thit improved tih.e sxchange
crovestive for cesium.

Pig (1) shows tost tue sarorption of Cs~137 to caloinse Vermiculite
whioh wag zotivated by 1 & svdium chloride was cbtained « little Li,her
vuelue taan non-caloined one, Tue Hugimun avsvaptisn goint of neat treateu
varsioulite indioated on tue curve ses found o be 97.Bux .t tny pi T una

the wexinum warosption polnt of Ce=i37 o raw One was s3ezike
Generally apeakiiu;;, affinity for radicossiuz is remuzkably cuperior

’

regeialess of pH ransge in the simulated wasie solution.

d=34  Buioh proceusmes for doteraining the selectivity of .1eyU

hasorption tests to witroentium-JC were curried cut similavly as the
oxpurinente of cusiumel’7. A we pointed out in the .rogress report,Pig

() shows thut the removal percent of Sr-s0 to ihe aoid treuted sumple
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SVl prreent O esiroutium to raw Young-il acid ciays Lerket pU=~y
, wccent between yE 6 i ph ¥ {(Vig Yjs wozle the removal perecud weo cver

v,

Tkle

e

¥ pereont btetwuen ph €T when io5(U my of bDeatet Gleys oo 10

sdded into 50 ml of radiceolution.

The exporiments of non-cwleined saumple clyys trecisw Ly willute Lydr-
vchloric asid (less than 1i) were also udserved. e romovul _eiceut of

. A e

taese sumple Olays Jae gralually Goeorecced tnen Tiat of Calolued snes.

Youg~ll »oid ciage treated by uilubte pydarcockleoTic «cCliu Were Suuwa
4 Temoval of wb=;U agcund the 1l 6 e8 ohuwn in Piz. (20) (oneiaering
cconomic point of view of heuting wnd concentr.ted hyarwvenlocic wedd (29 )
treutment, the couplicaied «ctivations of cluys «oth 201 coulc 5@ sla,:ificu

vuen the liguid waste plant le opersted in a larce i-:Ccilos

Yone-11 wcic clay wunich conuisis of nontmorillonite grou., pener.:ly
s.oaking, how o jroperty of aislersion in weber oecatuse i 1t baelling
property, =o thu preopec sarticle 8ises can La unie sanily 3y hest trestment.
for improving this fault, & new Bluole wxchaner W.s gpropAred 4y tne celoi-
netion of prenvlar gontmovililoniis. Yie deoreasy of LuG=-SX0LdLE8 Cuyalily
¢.-e o ithe calcination cun be improved &) tue Pewiln.l ¥iti LyulJCLiOLAC
scic or souiqp byeroxices It wos feund & ot ke Je-furi ane D-=fora ovxeLa-

neer trested with zoulum hyoroxiat cne ryuroonlorle dciu weéie Lxcei.ont in

excLune oapacity wna Godoulanmation footor ror rourwaotive ilne trun aon-

™)

trethed raw ey e

Y

In tue verwdculive luebe fox tue LBr=90 wusur tion IPinlty «us w.ich
inferior $awn Uswin) wiivdy Livi wb Lhuwk An Mge 10, 1l) tlece 18 uo use
fuct whdespilone ol wr-yU 0 vermiculite in pauctiowl o,eration of

B 4y
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thu plond Grd edunowically rnacequsate % the presunt tius

Je kel wpplliooncion
Db ROGel teut \
4 three Lie ¢ liquid wasile ireetiocnt Tuoiilt, willeh prooesses tne low
level liguid waotes ,.roaucing mainly frow radioisotope proaucticn duiluing

wid wetivation unalysis labaratory fu beln opera.ivds  Tuw lus level id .
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to be 30U perocnt (B.P=l0) in scae coucition as Sr=30. These D.P. Values
for 'p=90, Us=13T in tiis maoccel test will be applied im tas following

plant operation fLest.

H=2. riunt aesign
53=2-1 <Theoreitical problem and decoutamination raétpr

(a) The relation of equilibrium Between clay ama @solution

The typiocal plot in eyuilibriue stiate betwsen the oconoceatration of
zlay, X uno the conceniratiom of radiosolution, Y is shown in Pig (14).
The radioactivity oconcentration of the solid (alay) amd the solutiom would
be graphsd as a4 diagonal line, and figally am unchanging oonstant ocurve
beyond & certain vaiue X. The changs of the ourve would depend uron the
adsorption ability of clay, pE, temperature, and the acncentration of the
solusion.

It is supgosed that X and Y cam bs expressed as a linsar equation
coacernsd a8 the following manner, bscause the couceatratiom of radiosol-
ution, ¥ withk whioh wus dealt in the plant appliocation experimenis was inm
4 small range of raaioactivities to 10°3-10'6,No/ll level.

X mkY ¢ 2 2 o ¢ o o e v o s 0 6 v e - @ (1)
zhere k is a proportional constant whick is similar to Henr'ys ocounstant
in the reluationghip of liquid and solic state. It can be assumed that
above eguution (1) is available im the equilibrium oconditiom of dilute
sclution.

The cecontamination factor was found to de 5.3 for Sxr-0 and 10 for
Ca-137 in the model test as mentioned before. In the model test proper
aossge of oclay is 2% by weight of solution. If we take the initisl come~
entration of radiosolutiom, Yo, k values cam be theorstically ealoulated
for Ur-30 and Ce=1)7 respsotively.

1.8, Jor Sr-90
To

Y ﬂdfll

5.3

1
2X - 100 Yo ( 1 - 523 )

11



¥hen the valuea of X ana Y are put iato above eqguution (1),

ks = for Sr-4C could be calculated as followes.

ks = X 214 ( ~/ofgr of Bolid )
Y so/mi of solution
For Ce-137

Y
I= 2

10

, 1

2Xw=1007%, (1- )

10

ke = = 450

Y
{b) Calculation of stage anc feed ratio

The flow diagram of three stage counter currcvni g;siem of the jlant

between clay and radiomolution is given in Fig. (15)

Where L = flow rate of solution ml/min.
S = flow rate of molid ex/min,
Y = goncentration of solution ro/ml
X = Concentration of eolic wofge

Taking materiul balance in ezoh stuge
Lo Yo = L1 Yl =3 x1 - 52 12
LlYl-LZTE-SzXz—SBX}) ....-..{2]
- - g - &
L2r2 L.,’Ij 313 So Xo

The tuitial concentration of olay inlet, in tulwn. Xo = O
wnd Lo-Ll—Lzlhj-L

50-31-52-33-3

12



] L4
Supposing —%— ie ejual to ¥ and kK is equal to K,

kK = X
] X
"L T Y

Kimk Yi

Taen ejuilibrium conditiorn reaches from such stage cof the gystem.

Zquation (2) becomes
(1 «K) Y, ~KY, =Y f
4
-’1’1+(l+1()12—1{1'3-0}-........-.-..l;}

i
:
!

- Y2 + (1 +K) I, =0 ;

Iu first stage
Y . 2 )
1 l+‘K+K_ * 5 & 2 & & & & 2 s P e+ s e t‘;)

Yo o (L4K2){24K)

in Seoond stage
{g - 1 +K
Yo (1+x2){14k)
in final stage (thira stage)
i 1
Yo (14K2)(14K)

When 2% by weight of clay is added into radiosolution,
the deocontamination fuotor gun be oxloulated s follows.

(5)

* ®» & & * ¢ & ®© @ ¥ s 2 8B

(6)

» % & % & ® 8 8 8 & & 8 s

+

3 ___2
T ™00~ K
K = kX'
For Syr-u0
2 o 4.3

K « kg X* -2141—-1—0-0-—-
I’ F. values of each stage oan be vorked out when K wvalue is put

iuto eiuation (4), (5) und (6).
A2



X Y Y .
1 2 1 1
1. . .

Yo 4.3 Yo . 20.3 Yo 1ol
For Cs~-137
K =ko X' = 450 x -9
100
Y. Y Y
- 1l 2 1 1

1 — - '__}_.’

Yo Yo 32 Y, 820

Te F. Vulues caloulated for Sr-30 &re 5.3 in fist stage, 20.3 in seocnd
staze, api 103 in final siage respeotively, and D.F. Vulues caloulated
for Ce~137 are 9, 82 and 820 respeotively.

H=2e2. Treatmens faocilities

Prinoiple cesign oriteria xiquJA the treatment fuacilities was - : .-
low level liquid waste treatuent using local olay ainerals wuioh oave
natural ooouring iom exchange capacities. The piant conisis of three unit
of sludge settling tanks «nd thres reaction tanks as shown in Pig. {16,17}.
Feeding wuste solution to first reaotion tank and olyy ainerals to thixd’
resnction tank, oomnt current flow system of wastie solution and clay miner-
als has besn employed in this plat.

It sbould also pay attention not only o keep from the damage of
radiation hasards but also the operstion faults during treating racioactive
materials. Counsidsring this point of view & semi-automstie oontrol aystea
hus besn installed in tiiis plant to preveant overflows of waste solution
frem settling and reaction tanks as shown in Pig. {18,13).

If the flows between settling tank and reaotion tank are unbalanced,
niero switchesymagnet switohes, dizper motors and ets can be out off
witomationlly .

14



5=3. Uperation experimsnoss and results

In order to determine ths dacontaminable capacitiss of three sia,®
plant tbs plant applioation test on radisstrontium, cesium, wers carried
out. Representative clay minerals sush as Yong~-ll aocid ocliys pretreated
by dilute hydroohlorio acid (36% HCl : water = 1:5C) were used in t:is
plant application experiments, beocause of its mainly monimorillonits
group in mineralogical ocmpontion, its low cost and its sbuncance in yuantiti.

The clays are supplied with 2% dosage {by weight of feed wwste solution,
by clay hopper apparatus into third rewotion tank where has veem inctullec &
200 T.p.m. padidale type agitatcr. Wasts solution umed jin this experiments
contains 5r-30 (570 X03), Cs - 137 (Cs™>7T C1) separately. In the taird
reaotion tank; the olays and wiste sclution are rescted initially, after
then ths sluxrry is pumped up to third settling tank in order to settls
dowa im solid phuse. The sludge seitied ars flowed into the secomd reuct-
ion tank where ssocnd stage reaction ccoured bLetween clays und waste solutiou.
Also three times reactions were acoomplished in tihs every atages as similar
faskion msnticned adbove. "

The dise filter with a compressor ani two vacuum pumps is connected witiL
fist settler for separating olay siudge from siurry condition solutiom
a8 showm in Fig. (20) The -oln: sludge and effiuent are well separated from
the slurxy during 4i1so filter orsratica and extremely satisfaotory result
in volume reductiom of the slurry was obtained. The separated sludge are
hamdled as solid wastes ani the effluent is pimped from dise filter to

storage tank.

Ssoondarily, raiiosciution is fesded to the first reaoction tank wna
reasted with olays. The solutiom decontaminated is dischanged to eomcrete
storage pond, monitored and finally released to envirommemt. The flow
rats of the feed solution is 2 litexe per minuite and the olay dosage is
40 grams per minuite (2[ by weight). Pour samplimg points were sslested
at fesd tunk and on the tops of eash setilimg tanks. Samples vere takea
avexy hours aftof stondy state was rewched ana cocunited in order %0 coapars
with the theorstieal volues ami experimemtal ones. We ﬂavo had & plant
operutional sxperimente using S-35(K,8% 04) and Cr-51 (%ap cr} 0,) waich

15



are being produded by our rssotor. In that expsriment, it w«s known tzat
the steady state in continuous souniter current flow was reachsd approxim-

ateiy arond 25 hours aftsr starting opsratiom of the plant.

Pig. (21) shows that the decontamination faotor of ths plunt was
found to be approximately 100 in final stage when 5r-90 was used. These
values abtained hy the plant applisatiion test well agreeded with the
theorstical ones in fist and final stages while slightly inferior walue
was chown than theorstial one in soodond satage. Pig (22) shows that L. 7.
was found to be approximately 800 im final stage when Cs~137 was used and
the valuss cf the test were well saitisfied with theoretical ones im all

stages.

6. Loonomic evaluation
The objeotz of the ocet evalustion are to include the stements which

should be necessary not omly straight forward operational oosts of wvamte
managenent but also indireot costs. At the present time, ixpsmditures of
raw ciays and pretreatment by using olay minersls to be inoluded in this
study will be defined.

It might be expacied tkat the capaoity of the plant would be 1440
liters per montk when the plant runs 6 hour a day 6 days = week operatioa,
and the flow rate of the plant is 2 liters por swicuite. Assuming 2% {(by
weight) olay mimerils are used, approximately 4 tons per year of raw oluys
will be necessary and reguired pre~treatment so u; to improve li. ¥F. Yulue.
Costs of colay asunerials inocluding pro—trut-ont u follows .

Yong-~311 acid e¢lay Yersieulite
Aeid treatment{dilute £C1) Rev olay
$200/ton x 4 $260/ton x 4
= 3800/year - 31120/year
Alkali treataent
$300/%on x 4
»$l,200/year

16



It shows that the ¢osts of alkali treutment of Yong-lil acla ciay
are bigher 1.5 times than acid treatment. The costs of acid treamtent of
Yong-1l acid clay will be within 10% of the overheads of wmanaging lcw
level liquid wastes in our Institute.

7. Conclasions
Ths representative domestic olay minerale such as Yong-Ii scii olay,

Ha=long olay and Ghonsz-Yang Versiculiite were selected as groups of mcntmor-
illonite, kaolins and vermiculite from the tern samples which sre prdouced
mainly esst and south ocoast in our contry.

Preliminary studies of this contract covered mineralogical studcies
and their sorption ocharacteristios of long-lived nuclices such as Lr-30,
and Ca=137.

Extensive works on plunt appiocation und its economic problems ware
oonoentrated to find optimus opsration conditions of the three stuge
iigquid waste facilities ihrough the fundamental adisoption stucies, plant

design oriteria and Modei test.

The oconclusions summarised are as follows :

1. The representative oluy sumplies such us Ybug-Il aocid olay, Ha-Dong
clay and Chong-Yang Vermioulite have base exchange capacitise of 56.1, 15.4
and 70.8 Meg/l00 gr respectively. And their ohemioal oompositions are
5102 for Yong=ll acid olay and Ha-Dong olay, and 51C, «nd MgO for Chong-Tang

Yermiculite.

2. MNazimum removal percent om 2% of Yong-ll acid clay treated by dilute
hydrochrolic acid (less than 1%) was found to be 95%, while ¥3.2% of removal
of Ca~137 on 2% raw Vermiculitc and maximus $7.88% of removal on 2% Vermio-
ulite treuted By 1N NaCl were obtained at the wide runge of pH.

3« For the rumowal of S5r-90, generally acid treated olLays are bestter
than slkali treated ones. 93% of reaevml of Sr~90 on 2% Yong-ll moid olay
treated by HCL {less than 1%) was obtained around pR 6, while the removal
persents of 5r-90 for 2% wnd 3% Yong-ll asid oclay sreated By 205 HCl were
indicated to be 90~95% and over Y9%. The affinity of Vermioulite on Sr-j0
was i:.ferior than Cs-137. ‘

17



4» GCousidering the problems of disposal of the cluy sludge and pract-
ical wuste treautment, 2% dosage of clay and 2 liter per minuiia of Ilow

rate of feed solution would be appropriaie in the Modei tea*,

5. Optimum operaiing conditlons of three stage liguid plunt were fixec
up as 2 liters per minuite of flow rate of feed solution und Za avauge of
oluy treated by vexry dilute hydroohloric acid (less than 1%) to thc feed
solution und decontamination of ths plant tests were well satisfied witx

the thworetical ones in all stage.
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Table (1) Chemical composition of oollected claye

810 Al O ?‘203 CaC Mgd ¥20 3320 Ig ioss

2 22
Ha-Dong Xmolin 42.34 40.23 0«37 1.87 0.6 Tr Tr 13.41
Yong-11 acid clay 49.1% 27.72 6.5C 1.46 1.24 - - iz.55%

Chong-Yang Yermioulite239.75 15.89 £.62 3.52 2137 270 9632 2754

Table (2) Characteristics Data of the sanplas clays

Sample Commereial Color pE of the Sise distriv-
Ko, Kame Aqueous suepension ution, % { <50 u
1. Yeo-San Clay Light gray 5.12 66

2e 8a-Tong " wuite Te42 78

3. liong=hae Liaspore Ligat bvrwn 215 14

Ge Shin-Ro-Won clay Light gray 5.96 76

5. Yo-Ri ™ Light pino 6.10 57

6. Po-Chun " Light gray 8.46 -

Te Yong-11 ¥ wnite 5.08 49

Be Chu-4n * Gray T.4% 43

e Ui-Sung " Light gray 8.45 35

10. Chong~Yang Yeliowish brown 6.29 C -

Versioulite
Table (3) Cation {Ca*') Exohunge Capagity
Suxyple | Cag::/ ]I.;;:;ngu Cap.
Hu-Yong Kaolin 15.4
Yong~Ilieid Clay 56.1

Chong-Yang 10.8




Fig.(1). X-ray diffraction Data of Crude clays
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Pig. (17) Three stage liquid wuste treatment facilities
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Zeintific Background of the Project
A
One of tho wost sconowicul welbod of itreating the rudicactive
1iguid waste at low level and medium level wnuy be the clay adscrption of
radivonuclides. The Xocrean Abomie Energy Hesearoh Institute had been

appiying the sorption method .

The decontamination factor, nowever, has been fluctuated 8o much
that there have been a great deal of difficulties in praotising the zmethc:.
This may be fion the non-upiforuities of ithe local oluys and the waste
gqualities as well as the lack pretreating the clay, ths sorption charac-

teristics anc the effetive application.

This Atomic Imerygy ilesearob Inetitute haus been operated & three
~stage ligquid waste treatment facility which process the low level liguic
vaste (1073 pe/ml - 1078 uc/ml). The study dealts with nct only fundaz-
ental on local clay winerals (chemioal, X-ray, sorption study etc) but

also determining & optimum conditon in the operation of three-stige uniti.

Experimental Hethod

The representative cilay aminerals such as Keolin, Montmorillonite
and Vermioculite groups were selected. The ainerzlogical situdies were
carried out by ocolour, aize distribution, pH of the aqueous suspension,

oation exchange cuapaocities, A-ray analysis and obemioal composition

As the pre-treatmont method onloination and non-caloinsticn, treaz
mont with hydrooblorio uoid, sodius bydroxiue or soulum chloride were

used in the treatment simulated waste soluticn.

In batch experiments the uptake of Lr-Y0 snu Ce=L1j7 from sample
solutions (distilled water plus Zr=J0 or Ca=137) was aefined. Dluring
expuriments, different pH and olay dose were applied. In other experim-
snts adsorption of "xr=J0 und Cs=13T as a function of pH was defi:ued.
Deocontamination with clay minerais was then applied for the treatmcat of
the plant through the fundamental wdsorption stucies, plant design oriter.
and Model taest,



Hesults Ubtained

Le The reprvacntative oiay samples such as Yong-Ii mold clay, Mu-Lorg
Gliuy =nd Chong-Yang Verwmiouliie hLave bwsSe exchunge capaoitiass of 56.i,i5.4
unta T0.0 moqfloo & respectively. - Aind tholr ckemicol comperitiocns cre

3102 for Yong~ll acid ciay and Ha-long clay, uni. 240, ana KgC for Choug-YTungy
Yeroiculite,.

2. Haximum removal percent om 2% of Yong-ll acia olay treated by wuilute
hydroohrolic acid (less than 1%) was foun. to De F9%y xusie F3eipm of Itmom
val of Us~-137 on 2% raw Vermioulite ana uaximum 37.88p of removal on Z»

Vermiculive treated by 1M NaCl were chtained at tne wide runge of pl.

3. for tne removal of “r-90, guiclally «0id Trealud Cioys cre veller
than alkali treated ones. 93x of comoval of .r=30 on &% Yong=-il coid oluy
treated b,y HUl (less tnan 4.} was ostained urounc ph 0, .0iie ine riaoval
perceni@ of Ur-90 for Lo anu . ¥omg-ll aciu ciuy irestex o, ZUp 'Cl were
indioated to be Y0=95% and over yimp. Tae affinity of Veraiculite om [w-30
wa@ inferior tiun Us-137.

Ao Coneiderinug the problens of cisposal of the viay slwiye anu pract-
ical waste treutment, 26 dosuge of olay ane 2 liter per winuite of flow

rate of Tfecd sciution woula »e appronri.te in the Houel itumst,.

G gptimum operating conditions oo tnree stéage liguia plent were fixed
up as 2 Liters pur miunuite of .Jlow ruie of feed solution unt <o douuw e of
clay treated oy very uiluie hydrochloric acid (less than 17) to tae fuea
sclution and deoontamination of the plunt teats were well satisfiec with

the tueoretioul onem in all siaze.

Couolusione

Proliwinuxy stucies o1 tais contract covered winerulogicul ciluuine
and thelr soption characterietics of long=lived nuolives such am .~
and Ca-13T7. The reprusentative domentie cloy minoereld sueh asg You -1l
acid cloy, Ha=fong clay wnd Chong=Yang oloy were selected oa a goru;a of
flontmorillonite, Kaoline and Vermioulite in this project.
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