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T6m tat

Bot AUC thu duoc theo con dudng két tua dung dich UO,F, duoc tach loai flo theo phuong phap
nhiét thuy phan. Céc tac nhan tach dugc sir dung 1a H,O (hoi) / Np, H20 (hoi) / CO, va H;O (hoi) / Ha. Anh
huong cua nhiét dg, thoi gian nung va ty 1€ giita hoi nuéc va cac khi tro dén khd nang tach loai flo da dugc
nghién ciu. Két qua cho thay hon hop H,O (hoi) / H, cho hiéu qua tach loai flo tot nhat. Céac théng s6 céng
ngh¢ cua qua trinh tach loai flo khi sur dung cac tac nhan tach khac nhau dugc chi ra trong bao céo nay.

Tur khoa: AUC, flo, téach loai flo, nhiét thuy phén
1. Mo dau

Trong qué trinh chuyén héa UFg thanh gom UO, theo con dudng két taa AUC, ADU (amoni
diuranat) céc san pham ludn chira mot luong tap chat flo [1]. Sy c6 mat cua flo gay ta cac tac dong
nguy hiém dén qua trinh van hanh caa 16 phan tng hat nhan do flo c6 thé twong tac véi vo thanh nhién
liéu. Thong thudng ham luong flo trong vién gdm UO, duoc gigi han la 15ppm [2,3].

Ham luwong flo trong két mudi ADU nam trong khoang 10.000 ~ 45.000 ppm do né rat kho dé
loai théng qua qua trinh ria. Flo trong ADU ton tai duéi dang UO,F,.3NH4F hoic & dang phic
hydroxyl nhur 1a (0.33~0.72)NH,".UQ;.(0.1~0.44)F .x(OH)".yH,0. Trong AUC, flo cé gia tri vao
khoang 500~2.500 ppm va ton tai duéi dang UO,F,, NH4F [2]. Lindman [3] dwa ra nhan dinh rang
dung dich rin UO,.«Fy (y<2) c6 thé duoc hinh thanh trong AUC.

Thong thuong flo dugc tach khoi bot AUC trong qua trinh phan huay nhiét bang phuong phap
nhiét thay phan. Nhiét do thich hop dé tach flo 1a trén 500°C d6i voi ADU va trén 600 °C ddi véi
AUC. Nhiét do cang cao thi thoi gian doi hoi dé dudi kiét flo (dén 98%) cang ngan. Tac nhan thuong
dugc dung dé tach loai flo 12 hdn hop cua H,O (hoi) va mot khi tro vé mat hda hoc. Co ché tach loai
flo nhu sau [2-5]:

NH4F + H,0O = NH,OH + HF? 1)
NH;OH = NH31 + H,O1 2
3UO,F, + 3H,0 = U30g + 6 HFT + %2 027 (3)

Nhu vay viéc tach loai flo khéng thé xay ra néu khdng c6 mit cia hoi nuéc. San pham cua qua
trinh nhiét thiy phan st dung hon hop hoi nudc va khi tro 1a UsOg. Ngoai ra hdn hop hoi nuéc va
hydro ciing dwoc sir dung lam tac nhan tach loai flo vi trong qué trinh san xuat bot gdm UO,, bot AUC
hoiac ADU c6 thé duoc khir tryc tiép thanh UO,.

2. Thyc nghiém

Bot AUC trong bao cdo nay dugc diéu ché tir hé dung dich UO,F,/HF str dung tac nhan két tua
la dung dich amoni cacbonat. Kich thuéc hat, dién tich bé mat cia AUC lan luot 1a ~30pum va ~3m?/g.
Ham luong flo trong bot 1a 1263ppm. Flo duoc tach tir AUC bing phuong phap nhiét thiy phan véi
so d6 thiét bi duogc chi ra trong hinh dudi day:
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Binh sinh hoi Binh ngung tu

Hinh 1: Thiét bi tich loai flo tir b6t AUC

Khéi luong AUC cho méi thi nghiém 1a 15g. Nhiét ¢6 nung mau dao dong tir 600 dén 700°C,
thoi gian nung tir 2 dén 5h, toc d6 nang nhiét cua 10 12 200°C/h. Nhiét d6 16 duoc gitt ¢ 217°C trong
1h. Dong hdn hop hoi nudc va khi dugce cho vao 10 khi 10 dat nhiét do. Toc d6 khi duge diéu chinh
bang luu lugng ké, luu lwong hoi nude duge didu chinh bang nhiét d6 binh sinh hoi. Ty ¢ tc d6 cua
H,0 (hoi):khi lan luot 1 1:4, 1:1, va 4:1. Tong luu lwong hoi nude va khi dugc diéu chinh trong
khoang tir 60 dén 90 ml/phat. Khi nghién ctu anh huong cua thoi gian dén kha ning tach loai flo thi
nhiét d6 dugc chon 1a 650°C, thoi gian nung 1a 4h, ty 16 H,O (hoi):khi 14 1:1 va tong luu lugng H,0
(hoi) + khi 1a 90ml/phut.

Hoi nuéc, khi sau khi di ra khéi 1o duoc dan vao binh ngung tu chira NaOH loang. Ham luong
flo trong mau duoc xac dinh bang phuong phap sac ki ion trén thiét bi ICS 2100 — DIONEX.

3. Két qua va thao luan
3.1. Nghién cizu téch loai flo bang hén hop H-O(hoi)+N->

Bang 1 cho thdy ¢ ca hai nhiét ¢6 phan hay kha ning tach loai flo phu thudc vao ty 1é
H,0(hoi):N,. Khi ty 18 H,O(hoi):N; la 1:1 viéc diéu chinh tong luu lwgng hdn hgp H,O(hoi) va khi
N, tir 60 1&n 90ml/ph it 1am thay doi kha nang tach loai flo. O ty 18 H,O(hoi):N; 12 1:4 thi kha ning
tach loai flo caa hdn hop giam. Piéu nay khang dinh vai tro caa hoi nudc dbi véi qua trinh tach loai
flo. Dya vao c6 ché tach loai flo cua giai doan thu tu [3], ta c6 thé giai thich duogc tai sao ¢ ty I¢
H,O(hoi):N; 16n hon 1:1 thi kha niing tach loai flo ciia hdn hop khi lai giam.

Bing 1. Hiéu suat tach flo bang tac nhan H»O (hoi) + N>

TT Ty l¢ Tong luu luong Ham lugng flo
H,0(hoi):N; H,O(hoi) + N, (ml/phut) trong U3Og (ppm)
Nhiét dé 600°C
1 1:4 60 235
2 1:1 60 118
3 1:1 90 111
4 4:1 75 148
Nhiét dg 700°C
5 1:4 60 142
6 1:1 60 81
7 1:1 90 78
8 4:1 75 102




Két qua trong bang 1 ciing chi ra rang & nhiét do 700°C kha ning tach loai flo cia hdn hop
H,0 (hoi) + N3 cao hon so véi nhiét &6 600°C. Vi 159 AUC thi ty 1é HoO(hoi):N, 14 1:1, tong luu
lwong dong hdn hop khi khoang 90 ml/pht 13 phd hop dé tach loai flo. Do dé, ching tdi chon diéu
kién nay dé nghién ciu anh huéng cua thoi gian nung dén kha ning tach loai flo. Nhiét do duoc
chon cho thi nghiém nay 1a 650°C. Két qua dwoc chi ra trong bang 2.

Bang 2. Sur phu thugc cua ham luong flo trong UsOg vao thoi gian nung

TT Thaoi gian nung (h) Ham luong flo trong U305 (ppm)
1 2,0 246

2 2,5 207

3 3,0 154

4 3,5 128

5 4,0 86

6 4,5 81

7 5,0 78

Tur bang 2 c6 thé nhan xét néu tang thoi gian nung, hiéu sut tach flo tang 1én. Thoi gian
nung 16n hon 4h, hiéu suat tach loai flo taing cham theo chiéu ting cua thoi gian nung. Véi thoi gian
nung Ién hon 4h, ham lugng flo trong bt UsOg nho hon 100 ppm. Lugng flo con lai nay sé con
duoc tach tiép trong qua trinh hoan nguyén bot UsOg thanh bot gém UO,.

Qua céc thi nghiém trén co thé thay rang khi str dung hdn hop H,O (hoi) + N 1a tac nhan
tach loai, & ham luong flo trong bot UsOg nhé hon 100ppm thi diéu kién can thiét 1a: nhiét ¢6 nung
650-700°C, thi gian nung I6n hon 4h va ty 18 H,O(hoi):N,=1:1 cling v&i téng luu lugng hoi nuée +
khi la 90 ml/phut.

3.2. Nghién cizu tach loai flo bang hon hop H-O(hoi) + CO:

Trong qua trinh nung phan huy AUC, céac khi NH3 va CO; s€ dugc giai phong. Viéc dua khi
CO, vao quéa trinh phan hay AUC s& 1am tang ap suat riéng phan caa CO; trén bé mat cua bot AUC,
lam thay ddi téc d6 phan huy cia AUC. Piéu nay dugc Ky vong lam ting kha ning tach loai flo. Vi
vay Viéc st dung tac nhan tach loai flo 14 hdn hop H,0 (hoi) + CO; dugc mong doi kha ning tach
loai flo dat hiéu qua hon.

Bing 3. Hiéu suat tach flo bang tac nhan H-0 (hoi) + CO,

T Ty lé Tong luu luong Ham luong flo
H,O(hoi):CO, H,O(hoi)+CO, (ml/phut) trong U3Og (ppm)
Nhiét dp 600°C
1 1:4 60 302
2 11 60 158
3 1:1 90 143
4 4:1 75 176
Nhiét dp 700°C
5 1.4 60 207
6 1:1 60 143
7 1.1 90 131
8 4:1 75 164

Bang 3 trén cho thay két qua dién ra twong tu nhu trong phan 3.1. Theo d6 ty 1& H,O
(hoi):CO; 12 1:1 cho két qua tach flo cao hon ¢ ca hai nhiét d6 600 va 700°C. Ciing tai ty & d6 viéc
ting tong luu lugng hoi nude va khi CO, tir 60ml/ph — 90ml/ph it 1am thay d6i kha ning tach loai
flo. Ham lwong flo con lai trong mau khi phan hiy ¢ nhiét do 700°C thip hon so vé6i & nhiét do



600°C. Piéu nay khing dinh mét lan nira viéc tach loai flo & nhiét 6 cao c6 tac dung tét hon. Tuy
nhién trong tat ca cac mau UsOg ham luong flo déu 16n hon 100ppm. Nhu vay kha nang tach loai flo
ctia hon hop H,0 (hoi) + CO, khong dat hi¢u qua nhu mong doi so véi str dung tac nhan tach loai la
hon hop H20 (hoi) + Na. Diéu nay cd thé duoc giai thich 1 viéc dua khi CO, vao 10 s& 1am ting ap
suét riéng phan cua CO, trén bot AUC dan dén lam giam qué trinh phan huy AUC va giam kha nang
tach loai flo.

Bang 4 chi ra két qua nghién ctiu sy phu thudc cua kha ning tach loai flo vao thoi gian nung
phan huy AUC. Cac thi nghiém dugc thuc hién ¢ 650°C trong khoang thoi gian tr 2 dén 5h. Ty 18
H,0(hoi):CO; la 1:1 véi tong luu lugng hoi + khi 1a 90ml/phat.

Bang 4. Sur phu thugc cua ham luong flo trong UsOg vao thoi gian nung

TT Thoi gian nung (h) Ham luong flo trong U3Og (ppm)
1 2,0 282

2 2,5 204

3 3,0 171

4 3,5 142

5 4,0 124

6 4,5 117

7 5,0 106

Qua bang trén c6 thé nhan xét néu tang thoi gian nung, hiéu suat tach tang lén. Thoi gian
nung 16n hon 4h, hiéu suét tach ting cham theo chiéu ting cta thoi gian . Thoi gian nung dén 5 gio,
ham luong flo trong bot UsOg ¢6 gid tri xap xi 100 ppm. Nhu vay dé ham luong flo trong mau nho
hon 100ppm thi thoi gian can thiét trong truong hop st dung khi CO, 1a trén 5h, trong khi d6 thoi
gian 4h 13 du d6i véi truong hop str dung khi No. Két qua nay khang dinh thém kha ning tach loai
flo cia hon hop H,0 (hoi) + CO2 kém hon so véi hon hop H,O (hoi) + Na.

3.3. Nghién ciru tic nhén tach loai flo Ia hén hop H,0 (hoi) + H

Theo mot s6 cong nghé san xuét bt gém UO; theo phuong phép udt, bot AUC (hodc ADU)
duoc khur truc tiep thanh bot gom UO.. Trong noi dung nay chling tdi bao cao ket qua nghién ciru
kha nang tach loai flo cta tac nhan tach H,O (hoi) + H,. Két qua dugc chi ra ¢ bang dudi day.

Bing 5. Hiéu suat tach flo bang tac nhan H-O (hoi) + Ho

T Ty l¢ Tong luu lugng Ham luong flo
H,O(hoi):H, H,O(hoi)+H, (ml/phut) trong UO, (ppm)

Nhiét dp 600°C

1 1:4 60 106

2 11 60 78

3 1:1 90 67

4 4.1 75 82
Nhiét dp 700°C

5 1:4 60 84

6 1:1 60 56

7 11 90 52

8 4:1 75 71

Nhan théy réng, sw phu thugc cua ham lugng flo con lai vao ty 1¢ HO(hoi):H; va nhiét do
nung phan huy dién bién twong tu khi st dung cac hon hop tach H,O(hoi): N2 va H,0(hoi):CO,. Tuy
nhién ham luwong flo trong cac mau khi sir dung hdn hop nay thip hon nhiéu so vai viéc sir dung cac
hén hop khéc & cling mot diéu kién. biéu nay duoc giai thich la do su tao thanh hop chét UO2.xFy



(y<2) trong qua trinh phan huy AUC nén vi¢c st dung hén hop hoi nudc va khi tro khong thé loai
bo flo mot cach triét de. Tuy nhién khi cé mat caa hidro thi flo trong hop chat trén dugc tach loai
theo phuong trinh dugc Bandberg [3] dudi day:

Uy + (X+Y)/2 H, — UO, + XH,0 + yHF  (4)

Qua trinh trén c6 thé xay ra timg budc thuan nghich, ting dan ty 18 cua oxy va giam dan ty 1é
cua flo.

F, + RH,—C 50, . F, + (X,-X) H,0 + (V.- V,)HF

24 X0 " Vo

Uo.

2+ X,

(5)

Theo (5), X, ngdy cang I6n, y, ngay cang nho cho dén khi hinh thanh hop chat UO,. Két qua
la ham luong flo dugc loai bo mot céch triét dé hon.

Bang 6 chi ra két qua nghién ciru sy phu thudc caa hiéu suat tach vao thoi gian nung phan
huy AUC, tac nhan tach la H,O (hoi) + Ha.

Bing 6. Su phu thugc cua hiéu suat tach flo véo thoi gian nung

TT Thai gian nung (h) Ham luong flo trong UO, (ppm)
1 2,0 148

2 2,5 106

3 3,0 76

4 3,5 65

5 4,0 o7

6 4,5 48

7 5,0 43

Tur két qua chi ra & bang 6 c6 thé thdy sau 3 gid tach loai, ham luong flo trong cac mau bot
UO, dat gia tri < 100ppm. Nhu vay, & nhiét do tach loai 650°C, thoi gian 3 gio tach loai d dua ham
luong flo trong bot UO, < 100ppm.

4. Két luan

Ba tac nhan tach da duoc sir dung dé nghién ctu tach loai flo. Két qua cho thay, kha ning
tach loai flo cua hdn hop H,O(hoi) + N3 16n hon cta hdn hgp H,O(hoi) + CO,. Tach flo bang H,
trong moi trudng hoi nudc 12 hidu qua nhat. Diéu nay da duogc giai thich 1a bai H, dong vai tro vira
la tac nhan tach loai, vira la tac nhan khir. Néu sau qua trinh nung phan huy két hop véi qua trinh
hoan nguyén c6 sir dung khi H, thi kha niang tach flo rat hiéu qua bai theo két qua thi nghiém ciing
nhu cac tai liéu khac thi tac nhan H, c6 kha ning trong viéc loai bo gan nhu hoan toan flo trong bot
UO..
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ABSTRACT

AUC powders obtained via AUC precipitation route from UO,F, solution was defluorinated
by pyrohydrolysis method. The F elimination agents used are H,O (vapor) / N, H,O (vapor) / CO,
and H,O (vapor) / H,. The influence of temperature, time and H,O (vapor) / gas ratio to the
defluorination ability has been investigated. The results show that the H,O (vapor)/H, mixture is the
best agent for the defluorination process. The technological parameters of the defluorination process
with the different defluorination agents are indicated in this report.
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