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Tém tit: Déng rin cdc chat thai phéng xa (CTPX) dang 16ng dam dic ciia nha mdy dién hat nhan
bing phuong phép xi mang hda 1a méot cong nghé don gian, ¢6 hiéu qua va dugc ap dung phd bién
tai nhiéu nha mdy dién hat nhén trén thé gidi. Trong nghlen ctru nay, da su dung xi mang Hoang
Thach PC 30, c6 bo sung Al,O;, SiO, va Fe,0; theo ty 1€ nhét dinh, dé tao ra loai xi mang dac biét
ding cho d6ng rin CTPX. Cic anh huéng ciia ty 16 chat thai/xi mang, thanh phin ciia chét thai, ty
1¢ ciia céc chit phu gia tro bay, bentonit t&i do bén nén (I) va chi s6 1o ri phéng xa (L) cta khdi
chit thai sau khi dugc déng rin da dugc dua ra trong bai bdo nay. Két qua cho thiy, khi bd sung
khoang (% khéi lugng): 6 - 10 SiO,, 2 - 3 ALL,O; va 1 Fe,O3 vao xi mang Hoang Thach PC 30
(HT), da tao dugc cac loai xi mang dac biét (HT1 va HT2) c6 kha nang déng ran CTPX tir miu gia
dinh, dugc pha ché theo mot $6 thong $6, gén v6i chét thai da co dac trong thuc té. Trén co s& céc
chi s6 T va L cho thdy, HT1 c6 kha ning d6ng rin tot nhat. Khi phdi tron theo ty 18 khdi lugng
chit thai/HT1 trong khoang tir 4/10 - 6/10, da thu dugc san pham sau khi xi ming héa thoa méan
céc tiéu chudn I > 5 MPa va L > 6. Viéc cho thém cdc chét phu gia nhu tro bay nha may nhiét dién
hodc bentonit, véi ty 1€ tur 10 - 15 (% khéi lugng) vao HT1, 1am tang cac thdong $6 I va L cta san

pham xi ming héa.

Tir khéa: Chit thai phéng xa, xi mang héa, bentonit, tro bay.

1. it véan dé

Xi mang héa (XMH) la phuong phdp don
gian va hiéu qua dé déng rin cdc chét thai
phong xa (CTPX) dang léng dam dac cia nha
may dién hat nhan (NM DHN) [1]. San phélm
sau khi XMH c6 do bén co hoc, bén nhiét cao
va c6 kha ning chéng ro ri tét. Tuy nhién,
khong phéi loai xi mdng nao cling ¢6 tic dung
déng ran CTPX c¢6 ham luong axit boric cao.
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Tai cdc nudc c6 NM DHN, nguoi ta phai dat
hang san xuét cac loai xi mang dic biét dé ding
cho myc dich déng rin CTPX. Trong diéu kién
Viét Nam, trong giai doan dau ctia chuong trinh
phat trién DHN, trong khi chua ¢6 CTPX cua
NM PHN, dé tiép thu va niam viing céc cong
nghé xir Iy CTPX thiét yéu s& trang bi cho cic
NM DHN dau tién, da tién hanh nghién ctru
déng ran cic mau gia CTPX c6 cdc thanh phan
cht yéu twong tng voi cdc mau thyc. Nghién
cliru nay nhim tao ra loai xi mang ddc biét c6
thé déng rin CTPX NM DHN trén co sé bo
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sung cic oxit sét, oxit nhom va oxit silic, theo
ty 1€ nhét dinh vao xi mang Hoang Thach PC 30.
Tur cdc mau gia va xi miang Hoang Thach
PC 30 ban dau, cdc yéu t6 thanh phan xi ming,
ty 1¢ chét thai/xi mang, thanh phan chat thai, ty
1¢ phu gia tro bay va bentonit dugc bd sung vao
thanh phin xi ming dic biét, anh hudng t6i
cuong do bén nén (I) va chi s6 10 1i phong xa
(L) cta céc san phélm XMH da dugc nghién ctu.

2. Vat liéu va phwong phap
2.1. Vat liéu

Mau CTPX: Thong thuong nude thai tir cac
khu vuc cua NM PHN, duogc thu gom, phin
loai theo nguén géc va hoat d6 va duoc cbd dac
qua nhiéu budc (két tua, bay hoi, trao ddi
ion,...), nhung ph?ln 16n dugce thuc hién bé‘ing co
dac chan khong dé thu CTPX dam dic c6 ham

luong bo va cdc mudi khic rit cao va thay doi
trong khoang rat rong [2-5]. Trong d6 ham
lugng bo tir vai chuc dén vai tram g/L, dugc
quan tdm nhét do né c6 anh hudng rat 1on dén
qué trinh XMH [6-8]. Trén co s& nghién cuu
thanh phan cic CTPX da co dic ciia cic NM
DHN trén thé gi6i, dd pha ché hai mau CTPX
gia dinh (ky hiéu M1 va M2) véi thanh phan
néu trong Bang 1.

Tro bay: Thanh phan héa hoc cia tro bay
Nha mdy nhi¢t dién Udng Bi dugc phén tich
trén may phat xa huynh quang tia X (XRF) cua
hang XEPOS. Két qua phan tich dwoc thé hién
trong Bang 2.

Bentonit: Bentonit c6 ngudn gdc tir mé Nha
Mé, Binh Thuan di qua tinh ché c¢6 ham luong
MMT trén 90%, dugc phan tich thanh phan héa
hoc trén mdy phat xa huynh quang tia X (XRF)
ctia hang XEPOS. Két qua phan tich dugc thé
hién trong Bang 3.

Béng 1. Thanh phdn cdc miu chét thai phéng xa dam dic

Loai mdu  Thanh phan (g/L) H
glé H3BO3 K2S04 CaC12 FC(NO3)3 NaNO3 NaOH CSC12 p
M1 67 30 30 30 30 60 0,01 12,9
M2 100 30 30 30 30 80 0,01 12,9
Bang 2. Thanh phdn héa hoc ctia tro bay nha mdy nhiét dién Udng Bi
Thanh phéan héa hoc (%)
Tro bay Udng Bi Si0, Al O; Fe,0; CaO MgO Na,O K,O MKN
58,5 28,1 6,1 0,8 1,1 0,1 2,6 20-45
Béng 3. Thanh phan bentonit Binh Thuan

Thanh phéan héa hoc (% )
Bentonit
Binh CaO SIOZ A1203 Fezo3 FeO MgO K20 N320 MKN
Thuén 3,29 - 65,5 - 6,71 - 1,44 - 0,21 - 1,05 - 0,62 - 1,35 - 10 -

8,32 76,5 11,81 2,27 0,75 2,13 1,92 24 11,30

Béng 4. Thanh phan héa hoc ctia cic mau xi ming dugc nghién ciru
C e Thanh phéan héa hoc (% )

Loai Xi mang CaO Si0,  ALO;,  Fe,0, SO, MgO  Ti,O
XM Hoang Thach PC 30 (HT) 63,20 22,6 3,90 1,90 1,10 2,60 0,70
XM dac biét (HT)) 50,57 32,9 7,20 2,88 2,29 1,97 0,55
XM dac biét (HT,) 55,20 28,0 5,65 2,20 1,53 1,25 0,59
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Xi mdng Hoang Thach PC 30 ¢6 thanh phan
héa hoc dugc thé hién trong Bang 4.

2.2. Phwong phdp nghién cuu

2.2.1. Nghién ctru anh huong cua thanh
phan xi mang 16i hiéu qud xi mang héa

Tir kinh nghiém cia cc nude trén thé gidi
va tham khao thanh phan xi ming dwoc sir dung
trong déng rin CTPX NM DHN tai Slovakia
[5], da st dung xi mang Hoang Thach PC 30 va
02 mau xi ming dic biét, trén co so thay doi
thanh phan cdc 6xit nhom, Oxit sat va oxit silic
trong xi mang Hoang Thach PC 30. Thanh phan
cu thé cua 3 loai xi ming nay dugc thé hién
trong Bang 4.

Thi nghiém 1: Mau chét thai M1 va cdc mau
xi mang HT, HT; va HT, duoc tron theo ty 1&
khoi lwong chét thai/xi mang = 5/10. Hon hop
dugc déng khuon véi kich thude khudn 50 x 50
x 50 (mm), sau 2 ngay thdo mau khoi khuén va
luu trong binh gitr 4m dé khdi san pham déng
rdn cham trong khoang thoi gian 28 ngay. Hi¢u
quéa déng rén cua chat thai M1 véi cdc miu xi
mang HT, HT, va HT, dugc didnh gid thong
qua cuong do bén nén (I) va chi sb o ri
phoéng xa (L).

I dugc xac dinh theo phuong phép xidc dinh
cuong do chiu nén cua bé tong ndang (TCVN
3118:1993): Sau khi déng rin 28 ngiy, sin
pham dugc cit theo kich thudc va hinh khi
nhit dinh, cho vao khuén va ép, néu gid tri I
trén 5 Mpa la dat yéu clu [9]. L duoc xdc dinh
theo tiéu chuin ANSI/ANS.16.1.2003: Mau
phan tich ¢6 hinh dang va kich ¢& da nho dé
han ché sy phat xa trong qud trinh kiém tra,
nhung khong lam anh huong dén tinh thuan
nhit ctia mau. Mau duoc ngdm trong nuéc di
khir khodng theo cic diéu kién quy dinh, sau
mdi khoang thoi gian nhat dinh, phan tich ham
lugng 'Y'Cs phét tan trong dung moi bang hé
phd ké gamma sit dung detecto HPGe GEM
15P4 cua hing Ortec, tir d6 tinh hé s6 khuéch
tan hiéu dung va chi s6 L. Do phét tan dbi véi
37Cs ctia mau phai ¢6 L > 6 méi dat yéu cau [10].

Trén co s& d6 lua chon mau xi mang cé chi
s0 I va L phu hgp dé€ tién hanh cac thi nghiém
tiép theo.

2.2.2. Nghién ciru anh hwéng ciia ty 1é chat
thai/xi mang dén hiéu qua xi méang héa

Thi nghiém 2: Ty 1¢ khdi luong chat thai/xi
mang thay ddi tir 3/10 — 7/10. Mau xi méing da
Iya chon tr thi nghiém 1 va chit thai 12 mau
MI1. Cédc mau sau khi déng ran duoc thio khoi
khudn va giit trong binh giit am dé khdi san
phim déng rén cham trong khoang thoi gian 28
ngay. Do I va xdc dinh L cta khéi chat thai da
déng ran, dé lya chon ty 1¢ khdi lugng thich
hop chét thai/xi mang.

2.2.3. Nghién ciru anh hwéng thanh phdn
chdt thai dén hiéu qua xi méang héa

Thi nghiém 3: Puoc thyc hi€n voi 2 mau
chat thai M1 va M2 v6i miu xi mang da lya
chon tir thi nghiém 1, theo ty 1& khdi lugng chat
thai/xi mang = 6/10. So sanh cdc két qua cua
qud trinh déng ran dé danh gia kha ning XMH.

2.2.4. Nghién ciru dnh huéng cia cdc chat
phu gia tro bay va bentonit dén hiéu qua xi
mang hoéa

Thi nghiém 4: Cac phu gia tro bay va
bentonit dugc 1an lugt bd sung vao xi ming da
Iya chon tr thi nghiém 1, theo céc ty 1€ 10 va
15% khbi lugng dé duoc cic mau xi mang mai
sir dung dé déng ran chét thai M1 (ty 1& khéi
luwong thich hop chét thai/XM da duoc chon tur
thi nghiém 2). Kiém tra cdc chi s6 I va L cua
céc khdi san pham da déng ran sau 28 ngay dé
danh gid muc d6 anh hudng cia tro bay hodc
bentonit téi két qua XMH.

3. Két qua va thao luan
3.1. Anh hudng cia thanh phdn xi mdng tdi
hiéu quad xi mang hoa

i Két qua nghién ctru anh hudng cia thanh
phan xi mang t&i hiéu qua XMH dugc néu
trong Bang 5.
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Béng 5. Anh hudng cia thanh phan xi mang t6i hiéu
qua xi mang héa

TT Mauxi Cuong dd bénnén  Chi s6 L
mang (MPa)

1 HT 3,5 5,02

2 HT, 7,1 7,06

3 HT, 5,7 6,20

Tu s liéu trong Bang 5 thiy rang, khi déng
rin mau chat thai M1 bang xi ming HT, san
pham d6ng rén khong théa mén tiéu chuan vé
do bén nén vi I = 3,5 < 5 MPa. Xi mang HT, c6
két qua déng ran tot hon xi miang HT2, véi cic
chi s6 I va L tot nhat 1a I = 7,1 MPa va L =
7,06. Do vay, mau xi mang HT,; s€& duogc su
dung dé thyc hién cic nghién ctru tiép theo.

Sir dung mau xi ming dic biét HT1 da lya
chon duoc tir thi nghiém trén, két qua nghién
ctu anh huéng cia ty 1& khdi lugng chat
thai/XM téi hiéu qua XMH duoc dua ra trong
Bang 6.

3.2. Anh huong cia ty 1é chdt thai/xi mang tdi
hiéu qud xi mang hoa

Tir céc két qua trong Bang 6 cho thdy, véi
ty 18 khéi lugng chat thai/XM < 3,5/10, hdn hop
san pham bi kho, khong déng ran. Khi ting ty
1¢ khdi lugng chat thai/XM tir 4/10 - 6/10, cic
khoi san pham déng ran déu dat yéu cau, dong

thoi céc chi s6 I va L ciing tang dan. Khi ty 1¢
khdi Iuong chét thai/XM ting toi > 6,5/10, bat
dau xuét hién hién tugng du thira chat 1ong, hdn
hop san pham khong thé déng ran dugc. Ty 18
khoi luong chét thai/XM thich hop véi mau
nghién ctru ndm trong khoang tir 5/10 - 6/10.
Gi4 tri nay ciing pht hop véi cic nghién ciru vé
XMH CTPX [5-8]. Nhu vdy, dé giam thiéu
luong san pham XMH, ty 1& khdi lwong thich
hop chét thai/XM dugc chon 1a 6/10.

3.3. Anh hwoéng cua thanh phan chat thdi tdi
hiéu qud xi mang hoa

Két qua nghién ctru anh hudng cia thanh
phan chat thai, khi thay d6i ham lugng axit
boric tir 67 g/L (mau MI1) 1én 100 g/L (miu
M2) téi hiéu qua XMH bing xi mang HT,
duoc dua ra trong Bang 7.

Nhu vay, khi tang ham lugng axit boric
trong chét thai, hiéu qua déng rin bi giam ro
rét. Theo két qua nghién ciru [5], khi ham luong
axit boric trong chat thai cao, bo s& phd hity qua
trinh déng ran. Pé khic phuc téc hai cta bo t6i
qui trinh déng ran, di bd sung CaO vao xi
mang. CaO tic dung vdi bo theo phan tng:
2H;BO; + Ca(OH), — Ca(BO,), + 4 H,0.

Lugng CaO dua thém vao dugc tinh theo
Cf)ng thtrc kinh nghlém Ncaon2 = K-(nH3BO3/2)7
trong d6: nyspo; 12 néng d6 H;BO; (mol/L); K
12 hé sb hiéu chinh. Trong thuc té, 1y K = 1,1 [5].

Bang 6. Anh hudng ciia ty 1¢ chét thai/xi ming téi hiéu qua xi mang héa

STT Ky hiéu mau Ty 18 khéi lwong CT/XM  Cudng d6 bén nén (MPa) Chisérori L
1 HT;- 0,30 3,0/10 Kho, bo toi, khong déng ran

2 HT;- 0,35 3,5/10 Khd, khong déng ran

3 HT- 0,40 4,0/10 6.5 7,10

4 HT}- 0,45 4,510 6.8 7,15

5 HT- 0,50 5,0/10 7.1 7,20

6 HT}- 0,55 5,5/10 7.3 7,23

7 HT- 0,60 6,0/10 7.5 7,30

8 HT;- 0,65 6,5/10 Khdi miu wét, khong déng ran

9 HT;- 0,70 7,0/10 Tao 16p nude du trén bé mit, khong déng ran
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Bang 7. Anh hudng ciia thanh phan chét thai toi hiéu qua xi mang héa

So sdnh Chat thai M1 Chat thai M2
két qua
déng rin
Nhan xét Dé dang tach khoi khudn, tao khoi c6 bé Khong thao dugc khoi khudn
cam quan  mit twong di min kho
sau 48 gio
Pang trong qua trinh déng ran D@ dang tach khoi khudn, tao khoi c6 bé mat
Nhén xét tuong ddi min khd nhung bg, dé va
cam quan
sau | tuan
Hinh anh
sau 28
ngay
Bang 8. Anh hudng ciia cht phu gia tro bay va bentonit t6i hiéu qua xi ming héa
STT Tén mau Cudng d6 bén nén (MPa) Chisorori L
1 90% HT,+10% tro bay 13,4 7,21
2 85% HT, + 15% tro bay 13,5 7,30
3 90% HT, +10% bentonit 8,1 7,30
4 85% HT, +15% bentonit 74 7,20
5 100% HT, 7,5 7,30

3.4. Anh hudng cia chdt phu gia tro bay va
bentonit toi hiéu qud xi mang héa

Céc miu xi mang méi thu dugc sau khi bd
sung tro bay hodc bentonit vao xi mang HT;,
dugc tron v&i chat thai M1 theo ty 1& khdi
luong chét thai/XM = 6/10. Cac két qua nghién
ctru dugc dua ra trong Bang 8.

Tir céc két qua thu duoc trong Bang 8 thy
rang, khi cho thém chit phu gia tro bay va
bentonit hau nhu khong lam thay d6i chi s6 L.
Diéu nay c6 thé giai thich ring, v& ly thuyét,
khi thém bentonit s& lam tang L, nhung c6 thé
do trong miu gia ham lugng Cs thip, riéng xi
méng ciing da du giit khd tot Cs trong khdi
d6ng ran, cho nén bd sung bentonit it thé hién

tic dung. Viéc thém tro bay vao da lam I cua
khdi déng ran ting déng ké do trong tro bay c6
thanh phﬁn AlL,O5 va Si0O, cao c¢6 tic dung lam
tang d6 cung ctia qud trinh déng rén.

4. Két luan

Viéc bd sung ALO;, SiO,, Fe,0; vao xi
mang Hoang Thach PC 30 véi ty 1€ thich hop
c6 thé diing dé déng rin CTPX cb dic cuia NM
DPHN. Khi phdi trén chat thai/xi mang HTI,
theo ty 1& khdi lugng trong khoang tir 4/10 -
6/10, di thu dwoc san pham sau khi xi méing
héa thoa man cic tiéu chuan: 1> 5 MPa va L >
6. Viéc cho thém cdc chat phy gia nhu tro bay
nha mdy nhiét di¢n hoac bentonit vao xi mang
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HT1, voi ty 1€ tur 10 - 15 % khéi lugng, s€ lam
ting cdc thong s6 I va L cua san phdm xi
mang héa.

Qud trinh xi ming héa bi anh huéng rit
nhiéu boi thanh phan ciia dung dich chat thai, ty
1¢ khéi lugng cua chat thai/xi mang, nén s&
khong c¢6 mot quy trinh c¢b dinh dé xir 1y chung
cho tit c4 céc chat thai long c6 dac cua NM
DHN. Ddi v6i mdi 16 chat thai 16ng, can phai
tién hanh phan tich, kiém tra thanh phan chat
thai, dong thoi 1am cic thi nghiém nghién ciru
déng ran chat thai cu thé d6, dé tim ra mot quy
trinh cu thé d6i véi 16 chat thai can xi 1y.
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A Study on Solidification of the Liquid Radioactive Waste
from the Nuclear Power Plants by Cementation Method
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Abstract: The solidification of the concentrated liquid radioactive waste from the nuclear power
plants by cementation method is a simple effective technology and commonly applied in many nuclear
power plants in the world. In this study the Hoang Thach PC 30 cement was used with certain ratios of
Al 05, Si0,, Fe,0; to make a special cement for the solidification of liquid radioactive waste. Effect of
the ratio of waste/cement, composition of the waste, the ratio of the fly ash additives, bentonite to
compressive strength (I) and radioactive leachability index (L) of the block of waste after cementation
were reported. The results showed that supplementing, with the ratio (in wt. %): 6-10 SiO,, 2-3 Al,O;
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and 1 Fe,0O; into Hoang Thach PC 30 cement (HT), created the special types of cement (HT1 and
HT?2) which are capable of solidifying the concentrated radioactive waste sample, which was prepared
with some parameters similar to the real concentrated liquid radioactive waste. Based on I and L
parameters, HT1 was identified to have the best solidification capacity. When supplementing with the
waste/HT1 ratios in the range from 4/10 to 6/10 (wt./wt.), the product after the cementation could
satisfy the criteria I > 5 MPa and L > 6. The adding of additives such as fly ash of thermal power
plants or bentonite, at a ratio of 10-15 (in wt. %) into HT1, increases the parameters I and L of the
cementation products.

Keywords: Radioactive waste, cementation, bentonite, fly ash.



