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Tom tit

Chat thai phéng xa thir cap (tro, bun, nuéc thai cé dic,...) duoc ¢b dinh trong chét rin nguyén
khdi c6 do phan tan thap. Geopolyme duoc tao ra tir hoat hda kiém chat két dinh nhém silicat. Trong
bai béo nay, xi tro bay, chat thai cua nganh nhiét dién dét than duoc nghién ctru nhu mot thanh phan
co ban dé ché tao geopolyme ting dung dé c¢b dinh chat thai phong xa hoat d6 thap va trung binh. Do
bén co hoc va su rd ri ion Cs trong méi truong nudc ciing dugc chi ra trong bao cao nay.

Tur khéa: xi tro bay, geopolyme, ¢é dinh, Cs, chdt thai phéng xa thiz cap.

1. Mé& dau

Chat thai long phong xa sinh ra tir hau hét cac qua trinh caa chu trinh nhién li¢u hat
nhan. Ching ciing duoc tao ra tir mot sé nganh cong nghiép hay cac co s nghién ctru. Hau
hét cac chat thai nay c6 thé duoc phan loai 1a chat thai hoat d6 thap (LLW) hay chat thai hoat
do6 trung binh (ILW). Theo phan loai caa IAEA hai muc LLW Ia (tir 37 kBq dén 37 MBq va
tir 37 MBq dén 3,7 GBq B/y hoat h6a/m®) va tit ca ILW (3,7 GBq dén 370 TBq) la bét budc
phai duoc xir ly. Trong hau hét cac trudng hop dong ran va on dinh 1a can thiét trudc khi thai
bo cudi cung.

Phuong phép ¢6 dinh hoa duoc thuc hién bang cach két hop céac chét thai trong cac chat
ran nguyén khéi co do phan tan thap. Trong sé cac chat két dinh tro dugc sir dung dé ¢b dinh
chat thai long phong xa thi xi mang, bitum va polyme hitu co 1a dwoc sir dung nhiéu nhat.
Mac du ba vat liéu trén duoc st dung ¢ cac muc d6 khac nhau trong nganh céng nghiép hat
nhan, nhung khong dép tmg duoc yéu cau tdi uru cac pha. Vi vay, mo ra huéng nghién ciu si
dung céc vat liéu méi trong linh vuc hat nhan, goi 1a “geopolyme’ dé ¢6 dinh LLW va ILW.
Geopolyme la cac chat két dinh mang nhom silicat mé rong trong khdng gian ba chiéu. Hai
dic diém quan trong dé st dung geopolyme cé dinh chat thai phong xa dé 1a: Tha nhat,
geopolyme dugc tao thanh & nhiét do thdp (10 — 100°C) dé tao cAu trdc ban tinh thé. Thi hai,
vat liéu tot hon xi ming & cac tinh chat hda hoc va luong nudc chira bén trong (nho hon 1%
khi gia nhiét dén 100°C). Tuy nhién, mot sé dic tinh lién quan dén Gng dung dé cé dinh cac
chat thai phong xa chua dwoc nghién ctru nhu: ty 1& phéi tron vat liéu/ chat thai phong xa, do
bén co hoc hay sy ro ri nhan phéng xa ra méi trudng nudc ra sao? Nhitng cau hoi d6 s& duoc
tra loi trong bai bao nay.

2. Thuc nghiém va két qua

2.1.  Chudn bi nguyén ligu

Cac nguyén liéu, phu gia can chuan bi cho qua trinh thuc nghiém:
- Xitro bay



Thuy tinh long
NaOH (khan)

Nudc cat ’
Chat thai phong xa hoat do thap/ trung binh (mau mo phong)

Trong do:

Xi tro bay 1a duoc ldy tir nha may nhiét dién Ubng Bi c6 thanh phan nhu bang sau:

Bang 1. Thanh phan héa hoc caa xi tro bay Udng Bi

-I;)T]%Irr]]h SIO Al,O; | Fe0; CaO MgO P20s K20 TiO, Na,O
0 At
% khoi 57,3 23,5 5,3 0,9 1,2 0,18 1,6 0,8 0,6
lugng

Thuy tinh long dugc st dung c6 thanh phén: 26,5% SiO,, 8,7% Na,O va 64,7% H,0. Ty I¢
Si0,/Na,O duogc dieu chinh bang cach bo sung NaOH sao cho ty Ié nay dao dong tir 1 — 1,6.

2.2.

Cdc buéc tien hanh ché tao geopolyme:

Mau chét thai md phong duoc pha tir mudi nitrat cua cac nguyén t6, duoc say kho tir
tir & 80°C dé loai bo nude, sau d6 bun dwoc sdy & 100°C trong vai ngay.

Bang 2. Thanh phan chét thai phéng xa c6 dic md phong

oxit Nong d6 (/)
Na;0 73,166
Al,O4 0,435
Ca0 2,099
Cs,0 0,014
Fe,Os 0,543
K,0 0,069
MgO 1,244
Zr0, 0,108

Xdc dinh ty 18 téi wu cdc nguyén ligu téng hep geopolyme

D6 tir tir mot lwong thay tinh 1ong vao xi tro bay va tron déu
Hoa tan NaOH khan vao nudc, khudy nhe cho tan hét

Thém tur tir dung dich NaOH vao hdn hop (thay tinh long + xi tro bay) va tron déu
cho dén khi hdn hop c6 dang quanh, déo thi cho vao khudn 50x50x50 mm;
DPé miu 6n dinh va dong ran trong khudn & nhiét d6 phong sau 48 gio thi thao mau ra

khoi khuon;

Sau 28 ngay bdo quan mau trong diéu kign nhiét do phong tién hanh phan tich d¢ bén
nén cua cac mau thi nghiém (TCVN 3118:1993).




2.2.1. Khdo séat lira chon leong xi tro bay téi wu trong geopolyme

Tién hanh thir nghiém theo cac budc trén véi lugng xi tro bay thay doi nhu trong bang 3.

Bang 3. Anh huéng cua ham lwong Xi tro bay dén do bén nén geopolyme

Xitro | o5xitro | Thily tinh Higntrang | K&t qua phan
N ; NaOH x L4 s
STT | Mau | bay | paytrong | long H;0 ) mausau48 | tich cuong do
mau () (9) gio nén sau 28
9 a 9 ngay (MPa)
Mﬁu ch}Ia
1 M1 150 66,7 45 10 20 | rén, d6 am .
cao
2 M2 180 70,6 45 10 20 Do?gtm” 19,1
Déng ran
3 M3 200 72,7 45 10 20 | tét, bé mat 25.0
MAau min
4 | M4 | 220 74.6 45 10 20 Do?gtrﬁn 22.3
5 M5 250 76,9 45 10 20 Mau kho .

Tir két qua trén cho thay, khi ting ham luong Xi tro bay thi do bén nén cua mau

geopolyme ciing ting 1én. Tuy nhién, khi ham luwong xi tro bay qué cao thi mau geopolyme
khong thé két dinh hoan toan tao thanh 1 khdi bén viing. Do d6, ta chon ham lwong Xi tro bay
trong mau geopolyme 1a 200 g (hay 72,7%) dé tién hanh khao sét lya chon ty Ié tdi wu thay
tinh 16ng/ NaOH.

2.2.2. Khdo séat lira chon ty 16 tdi weu thiiy tinh long/NaOH

bang sau dé tim ty Ié tdi uu trong ché tao geopolyme

Bang 4. Anh huong ty 18 thay tinh long/NaOH dén do bén nén geopolyme

C6 dinh luong xi tro bay trong miu 1a 200g, thay ddi ty 1& thay tinh long/NaOH nhu

Xitro | Thiy tinh Ty ¢ khoi Hién trang mau | Két qua phan
sTT | mau | bay lng | NeOH | luong H,0 sau48giv | tich cuong do
©) TTL/NaOH (9) nén sau 28
(9) (9) ngay (MPa)
1 M6 200 24 8 3 20 MAu kho -
2 M7 200 32 8 4 20 Mau két khoi 15,7
3 M8 200 50 10 5 20 Pong ran tot 24,4
4 | M9 | 200 60 10 6 20 Mau bi nhdo, -
chua dong ran
5 | M10 | 200 70 10 7 20 | Maubinhdo, ;

chwa dong rin




Tir két qua trén cho thay, ty 18 thiy tinh 16ng/NaOH phul hop dé tao geopolyme ¢6 d bén nén
cao nhat la thuy tinh long/NaOH = 5. C6 dugc ty 1¢ nay ticp tuc tien hanh khao sat xac dinh
luong nudc can bo sung toi wu cho qua trinh ché tao geopolyme.
2.2.3. Khdo séat lyra chon lirong niréc bé sung trong qué trinh ché tao geopolyme
Tién hanh thir nghiém véi mau cé lugng Xi tro bay, ham lugng va ty ¢ thuy tinh

long/NaOH c¢é dinh di xac dinh & trén. Thay d6i luong nudc cat bd sung vao qua trinh ché
tao geopolyme.

Bang 5. Anh huong cua luong nudc bd sung dén do bén nén geopolyme

, o % luong | Hién trang Két qua phan
N xt: tro Th;{y tinh NaOH H,0 nudc mau sau 48 tich cuong do
STT | Mau ay ong © ) trong gio nén sau 28
) ) J mau ngay (MPa)
Mau két khdi
1 M1l 200 50 10 12 4.4 co do rép 21,7
tuong doi
2 | M12 200 50 10 15 5,4 Pong ran tot 23,0
Dc:)ng ran t~6t,
3 M13 200 50 10 18 6,5 bé mat mau 24,4
min
Mau déo,
4 M14 200 50 10 21 7,5 chua’ dong -
ran
Mau déo,
5 M15 200 50 10 24 8,5 chua dong -
ran

Dua vao d6 bén nén cia mau geopolyme c6 thé thay, mau M13 voi luong nude 6,5% c6 do
bén nép cao n‘hét 24,4 MPa, khi tang lvong nudc thém sé lam cho mau bi déo, kho két dinh
tao khoi ran bén virng.

Két luan: Tir cac khao st trén, ching ta da tim duoc cong thirc ché tao vat ligu geopolyme
c6 do bén nén cao nhat tur xi tro bay va thuy tinh long nhu sau: 71,9% xi tro bay + 18% thuy
tinh long + 3,6% NaOH + 6,5% H,0.

2.3.  Khdo sat lwa chen ty 1¢ ngp chat thai phong xa thich hep

e khio sét ty I& nap chat thai phong xa thich hop vao qua trinh ché tao geopolyme,
tien hanh bo sung chat thai véi céc ty 1€ khdc nhau vao qua trinh ché tao geopolyme theo
cong thuc da dugc xac dinh ¢ trén.

~ Geopolyme va chat thai phong xa duoc tron déu sau do dong vao khuan 50x50x50 mm,
dé on dinh ¢ nhiét d6 phong sau 48 gi¢ thi thao khuén. Luu gir mau sau 28 ngay, phan tich
cuong d6 bén nén va do ro ri nhan phdéng xa Cs ra méi truong nudc.




Bang 6. Khao sét ty I¢ nap thai

7 Thity Chat | Tylé | Hiéntrang Két qua
| AT T inh | NaOH | o | thai | chétthai | mdusau48 | phan tich
STT | Mau | bay : 22 | phéng | p.xa/geo gio cudng do
long ©) !
() (@) xa (g) (%) nén sau 28
(9) ngay (MPa)
1 | M16 | 200 50 10 18 8 2.9 Doﬁgtra” 17,0
2 | m17 | 200 50 10 18 14 5.0 DO‘tlgtra” 15,0
M’Eu két
3 | M18 | 200 50 10 18 20 7.1 khoi cé 49 12,6
ran tl}’ong
abi
4 | M19 | 200 50 10 | 18 | 25 9,0 Mau ket 6.2
khoi
5 | M20 | 200 50 10 18 30 10,8 Miﬁéﬁet 4,5

Bang két qua cho thay, 4 mau M16, M17, M18 va M19 c6 d bén nén phu hop cho viéc 6n
dinh chit thai ( > 5 MPa), tuy nhién néu xét vé tinh kinh té, ky thuat thi c6 thé thidy mau M19
¢6 vu thé hon so véi mau M16, M17 va M18, tuy mau M19 c6 d6 bén nén thap hon nhung no
c6 thé dong ran duoc luong chat thai nhidu hon véi cling mot lwong cac nguyén liéu cho qué
trinh ché tao geopolyme, dap tmg dugc tinh hiéu qua kinh té ciia phuong phap.

Chon 3 mau M17, M18, M19 tién hanh khao séat kha ning ro ri ion Cs ra mdi trudng nudc.
2.4.  Thinghiégm khdo sat dg ro ri nhan phong xa

Thi nghiém khao sat kha nang ro ri nhan phdng xa tir trong geopolyme ra méi truong duoc
thuc hién trong moi tru(rng nuGce cét trong cac khoang thoi glan 15 ngay va 30 ngay. Trudc
khi bat dau thi nghiém, cac mau duoc can, do kich thudc va ria trong nudc cat 15s. (tiéu
chuan quéc gia My ANSI/ANS-16.1-2013)

Tt ca céc thi nghiém tién hanh & nhiét do phong. Sau nhing khoang thoi gian nhat dinh, mau
nudc ngdm dugc lay phan tich dé xac dinh ro ri. c&c mau nudc ro ri dugc phén tich bang
phuong phéap ICP-MS.
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Hinh 1. M@ hinh qué trinh kiém tra ro ri nhan phong xa trong nuéc

Céc thong sb cua thi nghiém xéac dinh dé rd ri nhan phong xa Cs duoc cho trong bang sau:

Bang 7. Khao sat sy ro ri nhan phong xa Cs trong khdi geopolyme ra méi truong

Mau | Khéi lwgng | Dung dich | Nhiét do hoa | Thoi gian hoa Ghi cha
©) hoa tach tach (°C) tach (ngay)

M17 | 219,98 Nudc cat Thuong 15 Khéng phat hién Cs
M17 219,98 Nudc cit Thuong 30 Khéng phat hién Cs
M18 | 219,72 Nudc cat Thuong 15 Khéng phat hién Cs
M18 | 219,72 Nudc cat Thudong 30 Khéng phat hién Cs
M19 219,58 Nudc cit Thuong 15 Khéng phat hién Cs
M19 | 219,58 Nudc cat Thudong 30 Khéng phat hién Cs

Trong ca 3 mau M17, M18 va M19 déu khéng phat hién thiy Cs trong dung dich nudc
ngam. Didu d6 chung t6 véi thoi gian ngdm nhu trén chua phat hién dugc Cs thoét ra khoi
khéi geopolyme. C6 thé két luan rang khdi geopolyme da ¢ dinh tot chat thai phong xa co
chira Cs. Can phai ¢6 thoi gian nghién ciru kha nang ro ri 1au hon dé co duoc két luan chinh
xac hon.




3. Kétluan

Tur nhitng nghién ciru ké trén cd thé thay, viéc nghién ciu tng dung geopolyme dé cé dinh
cac chat thai phéng xa la cé hiéu qua cao, cu thé:

- Geopolyme ché tao tir i tro bay va thay tinh 16ng c6 kha ning 6n dinh tét Cs va ngin
khong cho ion Cs phat tan ra moi truong theo thoi gian;

- Geopolyme lam tir xi tro bay c6 d6 bén co hoc cao (phu hop dé on dinh chét thai
phong xa).

Tir d6 co thé thay, nghién ctu @ng dung geopolyme trong viéc c6 1ap va 6n dinh chat thai
phong xa la mot hudng nghién ciu rat co trién vong. Cac két qua chung to1 dua ra dé cung
cap mot thdng tin tham khao co ban trong linh vuc tng dung geopolyme dé 6n dinh ion Cs va
quan trong hon né cung cap mét goi y cho cac ang dung vat liéu dé on dinh chat thai phong
Xa cho nha may dién hat nhan.
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STUDY ON IMMOBILIZATION OF SECONDARY RADIOACTIVE
WASTE IN GEOPOLYMER

Abstract

Secondary radioactive waste (ash, sludge or concentrated waste water, ...) are immobilized in
monolithic solids of low dispersibility. Alkali-activated aluminosilicate binders, as known as
geopolymers. In this report, fly ash, a waste product of the coal thermal power, was investigated as a
basic ingredient of geopolymer, which could possible application in immobilization of low and
intermediate-level wastes. Mechanical strength and leaching tests of Cs in water was showed in this
report.

Key words: fly ash, geopolymer, immobilization, Cs, secondary radioactive waste.
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Phu luc

- Mau geopolyme dugc dong khudn

¥

- Mau geopolyme sau 28 ngay déng ran

| d

- May do cudng d6 bén nén

- Mot s6 théng sb cua may:

+ Luyec tai 16n nhat: 3000 kN

+ Dai luc tai thir duoc: 2% - 100%

+ D0 chinh xéc do luc tai: £1% Qia tri
luc hién thi

+ Ngudn dién: 440V+10%, dién 3 pha,
f=50Hz




