TAP CHi KHOA HOC DHSP TPHCM Nguyén An Son va tgk

UNG DUNG KHA NANG TRAO POI ION CUA AMP VA AWP
TRONG XU LI THAI PHONG XA CHUA Li, Na, K, Ca, Mg, Ba

NGUYEN AN SON’, DANG LANH’

TOM TAT
Trong qua trinh vdn hanh nha mdy dién hat nhan (NPP), trao déi nhiét gia vong so
cdp va vong thit cdp khong tranh khai nhiém va rd ri phong xg, do vay, xi |i niéc bi nhiém
phong xa trueéc khi ra méi trwong 1a can thiét. Bai bao iing dung phwong phdp trao déi ion
cia Ammonium phosphomolybdate n-hydrate (AMP), va Ammonium phosphotungstate n-
hydrate (AWP) Ién cac ion kiem Li(l), (Na(l), K(I), va kiém thé Ca(ll), Mg(Il), Ba(ll). Keét
qud cho thdy hién sudt trao déi cia céc kim logi kiém kha cao, va i#ng dung tét trong qué
trinh xi 1i méi trirong chira cac chdt phong xa nay.

Tir khéa: AMP,AWP trao di ion,thai phong xa.
ABSTRACT

Applying the ability of ion exchange of AMP and AWP

in the disposal of radioactive waste containing Li, Na, K, Ca, Mg, Ba in water

During the operation of Nuclear Power Plant (NPP), the thermal exchange between
primary cycle to secondary cycle creates a leak of radioactivity. Therefore, the disposal of
radioactive waste in water is necessary before they come out to the environment. The
article presents the application of the ability of ion exchange of Ammonium
phosphomolybdate n-hydrate (AMP), and Ammonium phosphotungstate n-hydrate (AWP)
on alkaline ion: Li(l), (Na(l), K(I), and alkaline earth ion Ca(ll), Mg(ll), Ba(ll). The results
show that the inorganic exchange efficiencies of alkalines are rather high, and can be
effectively applied in radioactive waste disposal.

Keywords: AMP, AWP, lon exchange, Radioisotope waste.

1. Téng quan

Trong van hanh NPP, véi Lo nudc ap luc (PWR - Pressurized Water Reactor) va
Lo nudc sdi (BWR - Boiling Water Reactor), chét trao ddi nhiét 1a nuéc. Trong quéa
trinh trao d6i nhiét, mot lwong chat phéng xa sinh ra khi van hanh NPP s& bi ro ri ra
mdi trudng bén ngoai. Néu khdng c6 bién phap giam thiéu hay thu gdp thi ching s&
thai ra moi truong bién va khuéch tan trong nuée 1am 6 nhidm méi treong ty nhién. Vi
vay, cac bién phap ngan chan, xir Ii chat thai phdng xa 1a mot trong nhiing tiéu chi can
thiét, va la diéu kién can thiét dé xem xét cap phép van hanh NPP.

Bing cong nghé thiét ké hién dai caa NPP thé hé III, III Smart, va dang trién khai
thé hé IV da khic phuc dang ké viéc ro ri phong xa trong qua trinh trao déi nhiét giira
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vong | va vong 1l caa NPP. Viéc tai st dung lai lwong nudc trong cac vong tuan hoan
luén dugc dit ra [1, 2]. Tuy nhién, cho du han ché d¢én mirc d6 nao di nita thi kha ning
rd ri phéng xa khi van hanh NPP ciing khong tranh khoi. C6 nhiéu phuong phap hoa
hoc dé thu thap cac nguyén té phong xa dang kim loai va cac hop chit caa no, viéc
chon lya téi wu nhitg phwong phap phu thudc vao loai chat thai phong xa.[3, 5, 6]

Gan day, cac nghién ciru ngoai nudc di sir dung phuong phap hap phu chat
phong xa boi céc axit dang nhua[3 4, 7]. Su dung phuong phap nay mang lai higu
suat cao trong viéc thu giir cac chat phong xa. Nhugc diém ciia phwong phap 1a san
pham hap phu ¢ dang hiru co thudong khéng bén, dé bi phan huy trong méi truong
phdng xa cao.

Phuong phap ding phirc vo co da dugc khuyén cdo sir dung dé thu thap cac chat
thai phong xa dang kim loai va hop chit cua ching [5]. Uu diém cua phuong phéap 1a
tao ra nhitng phirc chat kha bén bai tac dong cua méi truong phong xa cao, tuy nhién
hiéu suat trao d6i phu thuéc manh vao tirng nguyén té va hop chét trao doi.

Trong nghién ctu ndy, hai phirc chat vo co Ammonium phosphomolybdate n-
hydrate (AMP), va ammonium phosphotungstate n-hydrate (AWP) duoc st dung,
chiung déng vai trd 1a chét trao d6i, va két qua tao ra cac mudi ran, hinh thanh hai lép
bén trong mdi truong. Nho viéc loc nudc trong cac vong trao déi nhiét cua NPP, cac
chat phong xa nay da duoc thu gép. AMP va AWP Ia nhitng phirc chat chira Molybdate
(Mo) va Tungstate (W), dong vai tro trao d6i vai mot sé kim loai kiém, kiém tho va cac
hop chat cua chiing. Cau tao cia AMP va AWP dugc mo ta & Hinh 1.
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Hinh 1. a) Cdu tgo cia AMP Hinh 1. b) Cdu tgo cia AWP

Hinh 1. Cdu tqo cia AMP va AWP
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Cac san pham phéng xa sau phan hachduoc tao ra trong qué trinh van hanh NPP,
va mot so0 san pham dugc kich hoat tir cac thanh phan bén trong NPP.Nhu vay, qua
trinh van hanh NPP s€ sinh ra rat nhiéu dong vi phong xa, va viéc san sinh cac dong vi
nhu SLi, jLi, ?Na, %Na, oK, +K,52Mg, 2Mg, ,Ca, »Ca, ‘%Ba, Ba,...la
khong tranh khoi.

2.  Phwong phap phan tich

Pé thyc hién qué trinh phan tmg trao ddi, viéc axit héa méi trudng 6 nhidém 14 can
thiet. Trong nghién ctru nay, HCI dugc st dung cho qué trinh axit hda, cac muoi LiCl,
NaCl, KCI (goi 1a ACI — cac muoi kim loai kiem); va CaCl,, MgCl,, BaCly(goi la
AECI, — cadc muoi kim loai kiém tho) dugc tao ra trong qua trinh axit hoa, va phan tng
trao doi voi AMP va AWP duogc md ta trong cac phuong trinh 1+12nhu sau:

Trudng hop véi trao d6i boi AMP:

(NH4);P0O,12M00Q; + 3LIiCI  —  LisP0O,12Mo0O3 + 3NH,CI (1)
(NH,);PO,12M00O; + 3NaCl —  NagP0,12MoO5d + 3NH,CI (2)
(NH,);PO,12M00; + 3KCl - K3P0,12Mo03d + 3NH,CI 3)
2(NH4);P0O,12M00; + 3CaCl, — Ca3(P0,12M003)d  + 6NH,CI (4)
2(NH4);P0,12M00; + 3MgCl,—»  Mgs(P0412M00;),d  + 6NH,CI (5)
2(NH4);P0O,12M00; + 3BaCl, » Ba(P0,12M003)d  + 6NH,CI (6)
Trudng hop véi trao d6i boi AWP:

(NH,);PO,12WO; + 3LICI -  LisP0O,12WO3! + 3NH,CI 7)
(NH,);PO,12WO; + 3NaCl  —  NagP0,12WO03! + 3NH,CI (8)
(NH,);PO,12W0O; + 3KCl - K3P0,12WO4d + 3NH,CI (9)

2(NH4);PO,12WO0; + 3CaCl, —  Cag(PO,12WO3),d  +6NH,CI  (10)
2(NH4)sPO,12WO0; + 3MgCl, —>  Mgs(PO,12W03)4  +6NH,CI (11)
2(NH4);PO,12WO0; + 3BaCl, —  Bag(PO,12WO05),d  +6NH,Cl  (12)

Khi nong d6 HCI trong méi trudng khac nhau thi higu suét trao doi s& khac nhau.
Quaé trinh trao d6i vo co tao nén 2 16p cua dung dich, phan khdng hoa tan nam ¢ 16p
dudi. Hé so trao doi (Ky) dugc xac dinh boi cdng thac sau:

_ [SOIUte]i _ G _ W, /Vi

- [solute],, Cc, W, /V,q

d (13)

trong d6,iva aq lan lugt chi cac théng sb lién quan dén trude va sau trao ddi vo co,
Wiva W,qla khoi luong tuong tng cua cac kim loai ¢ hai 16p.
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3. Thwc nghiém va thao luan
3.1. Hé thuc nghiém va quy trinh chudn bi mdu

Thuc nghiém dugc tién hanh do dac trén hé pho ké khéirluqng (Plasma mass
spectrometer), loai Agilent 7700 Series ICP-MS, day 1a h¢ pho ké xac dinh dinh luqng
da nguyén tb vai thoi gian do ngin, d6 chinh xac cao. Hinh 2 mé ta cau truc cua hé phd
ké Agilent 7700.
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Power Cable Spray Chamber Electrical Connection

Foreline Pump Vacuum Connection
Hinh 2. Cdu tric hé phé ké khéi liwong Agilent 7700 Series ICP-MS

Nghién ctru dwoc tién hanh tai Khoa Ki thuat An toan hé théng hat nhan, Trudng
Pai hoc Kithuat Nagaoka (Nhat Ban). Thuc nghiém sir dung phuong phap trao doi vo
co trong mdi truong acid héa.Dung cac mudi LiCl, NaCl, KCI, CaCl,, MgCl,, va
BaCl,(co do tinh khiét dat > 99.0%) trong mdi trudng HCI c6 nong d6 khac nhau, cu
thé: 10 mmol/L céc dung dich LiCl, NaCl, KCI,CaCl,, MgCl,, BaCl, trong méi trudng
HCI véi néng do HCI1a0,1,0,5,1, 2, va5 mol/L.

Viéc tao mau truge khi tién hanh thi nghiém 1a can thiét. Trude hét, tao 3 mau
chuan gém cac nguyén tb Li, Na, K, Mg, Ca, Ba v4i ham lwong lan luot 12 1ppb, 10ppb
va 100ppb. Cac mau chuan nay ding xay dung duong chuan hiéu suat cua hé, va la
diéu kién can thiét dé xac dinh dinh lrong cua cac nguyén t6 lién quan trong mau trude
va sau khi xu Ii.

Cu thé, vé6i cac dung dich khéac nhau vé ndng do acid & trén, thém vao khoang~1g
AMP, VAAWPIlan luot vao cac mubiACI va AECI,co nong do6 HCI khac nhau,goi tén
tuong ung la AMP ACI, AMP AECI, vaAWP ACI, AWP AECI,. T4t ca cac mau duoc
giir & nhiét do phong, va khudy lién tuc trong 24 gio bang may nham dam bao xay ra
hoan toan cac qué trinh trao ddi vo co. Sau do, loc cAc mau nay bang bo loc nano loai
Minisart® SRP (dudng kinh loc qua 1a 0,45um) nham thu lai céc chat trao ddi vo co co
trong mau. Hinh 3 trinh bay hinh dang bé loc, Hinh 4, Hinh 5 trinh bay c4c mau ché
tao.
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Hinh 4. Mdu ACIl va AECI,
trueéc khi thém AMP va AWP

Hinh 5. @) Mdu durot thém AMP va AWP Hinh 5. b) Mau dugc thém AMP va
nhung chuea duwot loc két tua AWP sau khi duoc loc két tia

Hinh 5. Hinh dang mdu

3.2. Két qud vathdo lugn
Str dung 3 miu chuan dé xay dung duong chuan hiéu suat cua hé phd ké, cac
duwong chuan véi cac nguyén té Li-7, Na-23, K-39, Mg-24, Ca-43, Sr-88, Ba-137duoc
trinh bay & Bang 1 va Hinh 6. Cac ham chuan hiéu suat twong tng md ta & Phuong
trinh 14+22.
Bdang 1. Toc dg dém (cps - counts per second)
phu thugc vao ham lwong nguyén té trong mau

Pong Concentration of standard samples (M)
Y 1 10 100
cps
Li-7 203183 1964033 19572527
Na-23 542846 5463276 54739889
Mg-24 707390 3351632 29791205
K-39 8570505 12236967 48901591
Ca-43 3889 16321 146407
Ba-137 119846 1119294 11113774
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Hinh 6. Duong cong hiéu sudt doi véi cac kim logi
Két qua khop thuc nghiém su phu thudctbe ¢6 dém theo ham lwong cac dong vi
trong mau nhu sau:

Truong hop Li-7: y = 7533,35x + 195649,94 (14)
Truong hop Na- 23:  y =541643,43x + 15988,89 (15)
Truong hop Mg-24:  y=293775,92x + 413513,22 (16)
Truong hop K-39: y =407384,71x + 8163120 7
Truong hop Ca-43: y =1464,07x + 2369,54 (18)
Truong hop Ba-137:  y = 111049,78x + 8795,95 (19)

trong do6, y 1a téc d6 dém (cps), x 1a ham luong cac ddng vi kim loai trong mau (ppb).

Qua trinh trao d6i vo co xay ra khi dwa AMP va AWP vao cac miu duoc thé hién
qua Bang 2.

Bdng 2. Ham luwong cua cac nguyén to kim logi
phu thugc vao s trao doi vo co cua AMP va AWP

Bdng 2.1. Truong hopvdi kim logi kiéem

Ham lugng Nong dé dung dich (M)

cac kim loai (ppb) 0,1 05 1 2 5
Ban dau 53,97 59,03 54,07 54,5 54,86
Sau trao ddi
AMP 53,3 58,92 54,07 54,26 52,13

Li Ky (mL/g) 0,126 0,019 0,000 0,044 0,524
Sau trao ddi
AWP 9,73 56,92 53,89 53,32 52,36
Kq (mL/g) 45,468 0,371 0,033 0,221 0,477

Na | Bandau 81,36 43,28 104,29 75,48 85,82
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i?\‘/llptrao doi | gg o5 4327 | 10429 | 7547 | 8582
K, (mL/g) 0,014 0,002 0,000 0,001 0,000
Sau trao doi
AP 81,23 4327 104,29 75,47 85,81
K4 (mL/g) 0,016 0,002 0,000 0,001 0,001
Ban du 126,56 12867 | 118,09 124,97 1319
ial‘\‘/llptrao doi 10612 11658 | 112,11 116,2 116,23
K | K 1,926 1,037 0,533 0,755 1,348
Sau trao ddi
AP 2233 111,03 | 110,72 112,06 | 115,09
K, 46,677 1,589 0,666 1,152 1,461
Bdng 2.2. Trirong hop véi kim logi kiém tho
Ham lugng Nong do dung dich (M)
cac kim loai (ppb) 0,1 0,5 1 2 5
Ban dau 97,92 93,64 96,77 101,81 99.3
Sau trao doi
AMP 86,79 85,31 84,45 98,54 99,13
Mg | Ka(mLig) 1,282 0,976 1,459 0,332 0,017
Sau trao doi
AP 87,57 85,65 84,54 98,6 99,13
K4 (mL/g) 1,182 0,933 1,447 0,326 0,017
Ban dau 14894 | 15497 | 14994 | 14938 | 14624
ig;\‘/llptrao doi| 13118 | 13726 | 12964 = 14477 | 14513
Ca |Kqy(mL/g) 1,354 1,290 1,566 0,318 0,076
Sau trao doi
AP 13127 137.8 130,08 | 14565 | 14594
K4 (mL/g) 1,346 1,246 1,527 0,256 0,021
Ban dau 23203 22572 227.36 2296 225 41
Sau trao doi
AMP 19278 | 190,86 1953 219 22513
Ba | K,(mL/g) 2,036 1,799 1,642 0,484 0,012
Sau trao doi
AP 19453 | 199,05 | 20577 | 22621 2252
K4 (mL/g) 1,928 1314 1,049 0,150 0,009
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Thuc nghiém cho thay, higu suét trao doi vd co (%) xét cho hai truong hgp AMP
va AWP d6i voi cac nguyén to kim loai trong mau duoc trinh bay ¢ Bang 3, Bang 4,
Hinh 7, Hinh 8, Hinh 9, Hinh 10.

Bdang 3. Hiéu sudt trao doi vé co véi cac hop chat cia kim logi kiem

N R Trudong hop véi chit trao dbi Trudng hep véi chit trao dbi
N"(‘;ﬁ)d‘-’ AMP (%) AWP (%)
Li Na K Li Na K
0,1 1,23 0,14 16,16 81,96 0,16 82,36
0,5 0,18 0,02 9,39 3,57 0,02 13,71
1 0,01 0,01 5,06 0,33 0,01 6,24
2 0,43 0,02 7,02 2,17 0,02 10,33
5 4,98 0,01 11,88 4,56 0,01 12,75
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Hinh 7. Hiéu sudt trao déi cua cac kim Hinh 8. Higu sudr trao déi cua cac kim
logi kiem doi voi AMP phu thugc vao logi kiem doi véi AWP phu thudc vao

nong dé HCI nong dé HCI
Bdang4.Hiéu sudt trao déi vé co véi cac hop chat cua kim logi kiém tho
N R Trudng hep véi chit trao dbi Trudng hep véi chit trao dbi
Nong do AMP (%) AWP (%)
(M) Mg Ca Ba Mg Ca Ba
0,1 11,37 11,93 16,92 10,56 11,86 16,16
0,5 8,90 11,43 15,25 8,54 11,08 11,61
1 12,73 13,54 14,10 12,64 13,25 9,50
2 3,21 3,09 4,62 3,16 2,50 1,48
5 0,18 0,76 0,12 0,18 0,20 0,09

28




TAP CHi KHOA HOC DHSP TPHCM Nguyén An Son va tgk

18

16

14 4

= B
o N
1 1

©
1

Hieu suat (%)
Hieu suat (%)

Nong fio (M) Nong fio (M)
Hinh 9. Hi¢u sudt trao d6i cia cac kim Hinh 10. Hiéu sudr trao doi cia céc kim
logi kiém thé doi véi AMP phu thuge vao logi kiem tho doi voi AWP phy thuge vao
nong do HCI nong dé HCI

Két qua cho thay, kha ning trao d6i vo co phu thudc vao nong d6 acid va loai vat
lidu trao dbi, cling nhu céc chét thai phdéng xa. Vi kim loai kiém, hiéu suit trao ddi dat
dén hon 82% (d6i véi K) ¢ ndng d6 moi trudng acid thap, va giam hiéu suat trao doi
khi ting ndng do acid. Truong hop véi Na va Li thi hiéu suét trao doi vo co rat thap voi
cac chat AMP va AWP; do vay, khong kha thi trong viéc thu thap chét thai phong xa
cua chiing bang phuong phap nay.

Vi kim loai kiém thé Mg, Ca, Ba, ciing c6 hanh vi trao ddi vo co twong tyr Voi
céc kim loai kiém. Tuy nhién, hiéu sut trao d6i khong cao. Gia trj 16n nhat chi dat dén
16% cho trudng hop Ba, diéu nay can xem xét tinh dén hiéu qua kinh té khi st dung
phuong phép nay.

4.  Kétluan

Trong nghién ctru nay, phuong phap trao dbi vo co da duoc Gng dung trong viéc
thu thap mot sb thai phong xa dang kiém va kiém thé. Két qua thuc nghiém c6 théy co
thé ung dung phuong phéap cho v1ec thu thap chat thai phong Xa thugc nguyen t6 K vi
hiéu suat trao doi rat cao. Mot sé chét thai phong xa dang kiém th ciing co thé st dung
phwong phép nay, tuy nhién, hiéu suat khdng cao, va can thiét phai quan tim dén nong
do acid trong moi trueong xir Ii.

Ghi chi: Pé tai dugce hoan thanh do Ban diéu hanh dé &n Phat trién nguon nhan lyc
trong linh viec Nang lwong nguyén tu tai tro dot nghién cizu tai Nhgt Ban; cam on GS.
Tatsuya Suzuki, Khoa An toan thiet bj hat nhan - Truong Pai hoc Nagaoka (Nhdt Ban) da
giip dé, hé tro thiét bj, hda chdt phuc vu cho nghién cizu nay.
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