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Tém tit

Khu vyc Pa Lira (huyén Nam Giang, tinh Quang Nam) c6 khu mé cat két chtra
urani. Cic khoang vat chira urani gdm nasturan va nasturan ngdm nudc, coffinit,
uranophan, soddyit, uranocircit-metauranocircit, autunit, metaautunit va metaautunit
ngam nudc, phosphuranylit va bassetit. C6 thé xép cac di thuong xa vao 3 16p da chia
quing. Trong céac 16p da nay c6 cac than quing va trong cac than quing cé cac thdu kinh
quang, Ham lugong U;Os trung binh trong cac than quéng la tir 0,031 - 0,095%, ca biét co
mot s6 mau c6 ham lugng urani kha 16n. bay la mét trong nhiing khu mo co6 trién vong
nhit cua Viét Nam hién nay. Trong d& 4n "Diéu tra, danh gi4, tham do tai nguyén urani"
véi muc tiéu 8.000 tan U;Oy trit luong cép 122, khu vuc nay la noi dugc tham do dau
tién.

Mot s6 cong trinh nghién ctru vé cong ngh¢ (g0m tat ca cac cong doan gia cong,
hoa tach quang, 1am giau va lam sach dung dich, két tiia san pham) de thu nhan san pham
urani k§y thudt tir caic mau quing cat két khu vuc Pa Lira véi cac cdp ham luong urani
khac nhau da duoc thuc hién. Dac biét, do hoa tach quang 1a cong doan co tinh quyét dinh
t6i hiéu suét thu hdi urani, hiéu qua kinh té va tinh phtrc tap nén cong doan nay da duogc
nghién ctu thtr nghi€ém vai nhiéu k¥ thuat khac nhau nhu hoa tach tron u véi axit manh,
hoa tach thdm va hoa tach thdm véi quang da duoc agglomerat hoa trude véi axit manh.

Cac cong doan chinh ciing da dugc thir nghiém ¢ quy mé sau phong thi nghiém.
ba thtr nghiém xwr Iy dung dich trén hé trao dbi ion lién tuc co nang suat xur 1y 20 lit dung
dich/gid, két tha san phdm trén thiét bi c6 dung tich 200 lit. Dac biét véi cong doan hoa
tach tron U, tham da thir nghiém v6i cac quy mé 500 kg quang/cot (cao 5 m) 3 tan
quing/bé va 20 tin quang/bé va thu duoc két qua rat tot.

Trén co sé két qua cua cac cong trinh nghién ciru, cong nghé xir 1y phu hop nhat
cho quing cat két khu vyc Pa lira bao gdm cac cong doan chinh 1a ddp quing, hoa tach
thim véi quing da agglomerat hoa trudc voi axit sulfuric manh va nuéc, xir Iy dung dich
hoa tach bang phuong phap trao ddi ion véi nhya anion bazo manh va két tia san pham
urani k¥ thuat. Vi quy trinh nay, hiéu suét thu hoi urani c6 thé dat trén 80% va thu dugc
san pham urani co chit luong dat tiéu chuan ASTM ciia san pham thuong mai. Quy trinh
nay ciing pht hop voi xu thé chung trén thé gidi dbi véi loai quing nghéo nhu & khu vuc
Pa Lira. Ngoai ra, dé hoan thién quy trinh, nhom tac gia da dua ra dé xuét 1 nén ap dung
hoa tach nhiéu béc nguoc chiéu, tirc 1a dung dich hoa tach dugc tun hoan lién tyc dé tan
dung axit du (kha nhleu) giam chi phi tac nhén trung hoa axit du trong dung dich trude
khi xir Iy bang trao ddi ion va nang cao ndng d6 urani trong dung dich hoa tach.

Tu khoa: urani, cong nghé xir ly qudang urani, qudng cdt két

Abstract

There is an area of sandstone deposit containing uranium in Pa Lua (Nam Giang district
of Quang Nam province). Minerals containing uranium consist of nasturane and
hydrated-nasturane, coffinite, uranophane, sodyite, uranocircit-metauranocircite, autunite,
metaautunite and hydrated-metaautunite, phosphuranylite and bassetite. It is possible to



classify the radioactive abnormalities into 3 layers of ore-containing rocks. In those rock
layers, there are ore bodies and in the deposit bodies there are ore lenses. Average U;Og
content in the ore bodies are from 0,031 - 0,095%, especially there are several samples of
ores containing relatively high content of uranium. This is one of the most potential
deposit areas of Vietnam at present. In the project entitled "Survey, assessment and
exploration of uranium reserve” with a target of 8,000 tones of U;Og with a reserve at 122
level this area was explored the first one in the Nong Son basin.

Some studies on technologies (including all stages such as ore separation, leaching,
concentrating and purifying leached solution, precipitation of products) to obtain
technical uranium product from sandstone samples from Pa Lua area with different
uranium contents have been conducted. Especially, since ore leaching is an important
stage affecting uranium recovery efficiency, economic effectiveness and complexity, this
stage has been studied and tried with different techniques such as mixing and curing with
strong acid, percolation leaching and percolation with ores agglomerated with strong acid
before.

Main stages also were tried at the scale of post-laboratory. Leached solution was treated
in the continuous ion exchange system with a capacity of 20 I per hour, yellowcake were
precipitated in the equipment with 200 1 capacity. Especially, for leach stage trials with a
scale of 500 kg of ores/column (height of 5 m), 3 tones of ores/box and 20 tones of
ores/box were conducted and relatively good results have been obtained.

Based on results of research works, the most appropriate processing technology for the
sandstone ores in Pa Lua area includes main stages of ore crushing, percolation with ores
agglomerated with strong acids and water before, concentration and purification of the
leached solutions by ion exchange with strong base resins and precipitation of
yellowcake. With this flowsheet, uranium recovery efficiency may reach over 80% and
yellowcake may be obtained with a quality that meets ASTM standards for commercial
products. This flowsheet is also appropriate to the common trend in the world for poor
ores like the one in Pa Lua area. Besides, to improve the procedure, authors have
proposed that multi-stage countercurrent leaching should be used, meaning that leaching
solutions are circulated to maximize the use of a relatively large amount of residual acid,
reduce the cost of neutralizing agent for free acid in the solution before treatment by ion
exchange and increase uranium concentration in the leaching solution.
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1.MO PAU

Khu vyc Pa Lira (huyén Nam Giang, tinh Quang Nam) c6 khu mo cat két chira urani.
Ham lugng UsOs trung binh trong cdc than quang la tir 0,031 - 0,095% [1, 2]. Theo s6 lidu
cong b6 nam 2002, da xac dinh duoc trir luong urani cap C, 14 1.160 tin va du bao tai nguyén
cap P dat 4.000 tan va khang dinh day 1a khu mo c6 trién vong nhat & Viét Nam tai thoi diém
lac bay gio va can dugc dau tir thim do [3]. Trong “Ké hoach tong thé thwc hién Chién luoc
ung dung nang luong nguyén tir vi muc dich hoa binh dén nam 2020” cia Chinh phii c6 mot
dé 4n lién quan téi cong nghé xur 1y quang urani dé thu nhan urani ky thuét 1a Dé an 15 “Piéu
tra, ddnh gid, tham do tai nguyén urani” nhidm muyc tiéu hoan thanh vé co ban viéc diéu tra,
danh gia, tham do trit lugng va hiéu qua kinh té xa hoi cua viéc khai thac va ché bién tai
nguyén lam co sé cho hoach dinh qudc gia vé khai thac thuong mai va véi ndi dung diéu tra
dé phat hién cac loai hinh mé qudng urani ¢é gid tri kinh té, tdp trung tham do urani vung
bén triing Néng Son (Quang Nam) véi muc tiéu 8.000 tan UsOg triv lwong cap 122, tham do
cdc dién tich khac da dwoc danh gid dé gia tang thém trit lwong. Dé thyc hién dé an nay, Lién
doan Pia chét xa hiém d3 trién khai thuc hién tai khu vuc Pa Lira - Pa Rong.

V6i ngudn quang tiém ning va duoc quan tim nhu vay, viéc nghién ctru cong nghé xir
1y dé thu nhan san pham urani k¥ thuat 1a rat can thiét va hop 1y nham gop phan cho viéc danh
gia gia tri tai nguyén urani cua Viét Nam va xdy dung dugc quy trinh cong nghé xur 1y c6 hi¢u
qua nhat. Vi vdy, gan nhu song song voi cong tac diéu tra, tham do, viéc nghién ctru cong



ngh¢ xur Iy quéng cat két khu vuc Pa Lira da duoc thyc hién tai Vién Cong ngh¢ xa hiém
thong qua cac dé tai nghién ctru khoa hoc va cong nghé cac cap nhu nghién ciru thir nghiém
cong nghé hoa tach thAm, hoa tach trén @ voi axit manh, hoa tach thim quiang da duoc
agglomerat hoa trudc voi axit manh, sir dung phuong phép trao d6i ion véi nhya anion bazo
manh va nghién ciru két tia san pham bang tac nhan amoni hydroxit, magie oxyt. Da xay
dung dugc mot s6 quy trinh cong nghé dé xur 1y loai quing nay. Mot sb cong ngh¢ da duoc
thir nghiém & quy mé thi nghiém 16n nhu hoa tach 500 kg quang/mé (cot), 3 tan quing/bé va
20 tin quang/bé. Trén co s& cac két qua nghién ctru ndy, nhom tac gia s& dua ra mot cong
nghé phu hop nhét cho quing cat két khu vuc Pa Lira.

2. NQI DUNG
2. 1. Pdi twong va phuong phap
2.1.1. Béi tugng nghién ctru

Quang cat két khu vuc Pa Lira, ndm ¢ hai thon Pa Lira va Pa Téi thudc x3 Tabhinh,
huyén Nam Giang, tinh Quang Nam. Pay la khu vyuc c6 dia hinh nui cao, bi phan cit manh.
Khu vyc nay ton tai 3 10p da chtra quing. Trong cac 10p da chtra quang c6 cac than quing
va trong cic than quing c6 cac thiu kinh quiang phan bd phtc tap, Chiéu day thay doi tir 1
dén 3,5 m, rat khong dong déu, khong 6n dinh [1, 2].

Thanh phan khoang vat quing cat két khu vuc Pa Lira gdm nhom khoang vat tao da
chu (thach anh, fenspat, mica va khac khoang vét phu), nhém khoang vat chira urani gém
khoang nguyén sinh va khoang thtr sinh. Khoang nguyén sinh gdm nasturani, nasturani ngam
nude, coffinit. Khoang thir sinh gom: phd bién nhét 1a uranoxiaxit-metauranoxiaxit, gummite,
nasturan, autunite (voi canxi), saleeite (mangan), torbernite (voi dong); va urani silicat ngdm
nu6e nhu coffinite, uranophane (voi canxi) va sklodowskite (v6i magié). Cac khoang nguyén
sinh thuong c6 mau den, x4m va nau, con cic khoang thir sinh thuong c6 ddy méu vang sang,
da cam, xanh 14 cdy va su két hop hay xen k€& cac méau nay [1, 2, 3]. Ngoai ra con cd cac
khoang vét di kém (khoang vat sulfua, cacbonat, oxyt, hydroxyt).

Ham luong U;Og trung binh trong cac than quing 1a tir 0,031 - 0,095%, bién doi rat
khong dong déu. Ham lugng cacbonat khoang 2 - 6% co thé 1am tang chi phi axit khi xir Iy
bang phuong phap axit. Sat 1a tap chat ddng quan tAm nhét va c6 su phan b trong quing
tuong ty urani. Trong quang khong chira lugng dang ké cac nguyén té quy, hlem co gia tri
can dit van dé thu hoi, vanadi va molypden chua nim trong vung ham luong can quan tam,
caq tap chit khac (Cu, Ni, Cr, Mn, Ti,...) khong dang ké va it anh hudng dén chét luong san
pham [3].

2.1.2. Phuong phap nghién ctu

Viéc téng quan tai liéu cac két qua nghién ciru va san xuét trén thé gidi 1a budc thuc
hién dau tién dé nhan biét cac cong nghé, ky thuat mdi va nhirng kinh nghiém thuc tién trén
thé gi6i. Sau d6 danh gia ket qua nghién ctru trong nudc da dat duge gi, con thiéu hodc con
thiéu sot gi dé tir 46 deé xuat van dé can nghién ctru va cach thirc thuc hién phu hop voi d6i
tugng quang trong nudce. Viée nghién ctru cong nghé duge thuc hién bang cach tién hanh
thir nghiém trén ddi tuong quing thuc. Cac phuong phap phan tich hién dai va phu hop da
dugc lya chon dé phan tich urani va cac tap chat khac trong mau rén va long.

2.2. Két qua
2.2.1. Gia céng quang

Trong céc thir nghiém hoa tach déng, quing dang cuc duoc dap xudng c& hat -10 mm vi
ncu giam ve cd hat -5 mm (cd hat d¢ dat hi€u suat hoa tan urani cao nhat - theo két qua nghién
ctru trude day [5]) thi cé ty 1€ phan min rat 16n, dac biét loai hinh ban phong hoéa 1én téi trén



20%) lam can tré qua trinh tham ctia dung dich qua 16p quing. Kich thudc hat nay tuong tu
v6i kich thudce hat ma mdt so co sé trén the gidi da su dung (-13 mm).

Vi ¢d cuc quang khai thac (léy mﬁu) khoang dudi 200 mm, quy trinh dép quing duoc
Iwa chon thong qua 2 budc dap dé han ché hién tuong qua dap: quang c6 kich thude 16n hon
100 mm s& qua may dép thu nhat. Sau khi qua sang, phan quing 16n hon 100 mm lai duoc
dua vao mdy thir nhat cing v6i quang dau. S6 quing c6 kich thudc -100 mm dugc dua vio
may dap thir hai. Phan quing tho s& dugc quay lai may dé dat 100% qua sang 10 mm.

2.2.2. Hoa tach quang

Do quing cat két khu vuc Pa Lira ¢c6 ham luong urani thdp nén céng doan hoa tach
quang da dugc nghién curu kha ty mi va chu yéu st dung céc ky thuat hoa tach tinh (trdn u voi
axit manh sau khi cai tién, tham va tham quang da dugc agglomerat hoa véi axit manh).
2.2.2.1. K¥ thuat tron 0 vdi axit manh

Mau quing sau khi dap xudng c& hat -10 mm thi thanh phéan cip hat dugc dua rua trong
bang dudi day. Véi c¢d hat nay, vung cap hat c6 thé hoa tach tot nhat, chiém tédi khoang 85%
con phan hat 16n chi chiém 9,1% va phan min 4,6% la khong dang ke (bang 1).

Bdng 1. Phéin bé cap hat quang sau khi ddp

Cép hat (mm) Ty 1& (%)
-10+5 9,1
542,36 38,4
-2,36+1,18 31,8
-1,18+0,3 16,1
-0,3 4,6
Tong 100,0

B4t MnO, dugc st dung lam tdc nhan oxy hoa trong qua trinh hoa tach urani thay cho
tac nhan KC1Os rat doc hai. Sau khi khao sat anh huoéng cua ti€u hao bdt MnO, t6i hiéu suét
hoa tach urani da xac dinh duoc tiéu hao MnO, thich hop 14 3 kg/tin quiang. Anh hudéng cia
d6 am khi tron quang voi axit t61 hiéu suat hoa tach urani dugc dua ra trong bang 2 dudi day.
S liéu cho thay, do 4 am khi tron cang 16n thi hiéu suat hoa tach cang giam. Trén thyc té, sau
khi tron, quang toi x0p chi véi mau 1. Véi cac miu 2 va 3 (ddc biét mau 3) thi sau khi tron,
quang c6 hién tuong “nhdo” chinh vi thé khi nap vao cot chiing bi nén chit lai 1am cho dung
dich kho di qua 16p quing nén lam giam hi¢u suét rira, mic du cac gia tri do am da thu
nghiém déu thap hon kha ning giit nudc ctia quang c6 cd hat nhu vay.

Két qua thir nghiém véi tiéu hao axit cho hoa tach khoang 42 kg/tdn quing, hiéu suat
thu hoi urani dat 87,3% sau 8 1an rira. Hiéu sudt nay la rat tot vi mau quéng chtra toi 1/3 loai
hinh phong héa c6 ham luong rat thap (0,016% U - hiéu suat thu hdi urani bang khudy tron
chi dat 43%) va 1/3 loai chua phong hoéa (hi¢u suit dat 77%).

Bdng 2. Anh huong cua do am téi hiéu sudt hoa tach bcfng tron u

Miu | Do am (%) Hiéu suét hoa tach U (%) Hiéu suét hoa tach Fe (%)
1 6,6 87,3 25,4
2 8,7 79,2 22,7
3 9,8 68,6 17,1

Nhu véy, dé dam bao hi¢u suat hoa tach urani, d6 am khi u thich hop 1 khoang 6,6%.

Va do do quy trinh hoa tach tron 1 s€ duogc thuc hién theo cac budc sau:




—  Pha dung dich axit cho giai doan tron: lugng axit bang 2/3 tiéu hao tong cong (tong luong
axit cho tron va u 1a 40 kg/tan) dugc pha loang bang lugng nudce (duoc tinh toan dé dat
do am 6,6%);

— Can quing va MnO; (theo ty 1& 3 kg/tan quing) nap vao may va tron kho;

— B0 sung dung dich axit vio mdy va tron v6i quing dén khi dung dich phan bé déu;

— Nap khdi quing vao cot (déng);

- U trong 24 gio thi tudi dung dich axit (phan axit con lai dugc tinh cho giai doan tron 1)
vao bé mat 16p quang va U tiép 2 ngay nita;

— Rira gian doan bang dung dich axit lodng (1/1000 theo thé tich) dé thu dung dich hoa tach
(7 1an), mdi lan sir dung thé tich dung dich bang 8,3% tong khdi lugng quing (ty 1é thé
tich/khdi lugng), twong tmg vai thoi diém dung dich bat dau lot ra khoi cot;

— Lan rira cudi cung rira bang nude dé tach axit du khoi ba quang.

2.2.2.2. Hoa tach thAm

Cac thi nghiém ¢ quy mo phong thi nghiém (10 kg quéang/cot) da duge tién hanh dé
khao sat anh huong cta d6 hat quang, ti€u hao va noéng d axit sulfuric va toc do tudi dung
dich t&i hiéu suat hoa tach. Két qua cho thiy, vdi cac thong sd cong nghé thich hop cho miu
quang 0,0375% U nhu d¢ hat -10 mm; tiéu hao axit 50 kg/téin quang, néng do axit 75 g/l va
tdc do tudi 10 - 30 I/m>.h cho hiéu suit thu hdi urani cao va ham lugng urani trong ba thai ran
<0,01%.

Céc thir nghiém hoa tach thdm & cac quy mo 90 kg quang/cdt, 500 kg quéng/cot va
3.000 kg quang/mé cling da dugc thyc hién trén co s¢ cac thong so thu duge ¢ quy mo phong
thi nghiém.

O quy mé 90 kg/cot, da tién hanh hoa tach thim vé6i diéu kién thoi gian hoa tach 20-25
ngay, tiéu hao axit 35 - 42 kg/tin quéng, tiéu hao chat oxy hoa 4 kg/tan quing va hiéu suit thu
hoi urani tir 76 - 91% (phu thudc vao cap ham luong quing va loai hinh quing), ham luorng
urani trong ba thai con 0,0085 - 0,0092%. Vai quy md 500 kg/cot, da dat duge hiéu suét thu
hoi tir 76 - 92% tiy theo cAp ham lwong quing va loai hinh quing) trong diéu kién thoi gian
hoa tach 25 - 30 ngay, tiéu hao axit 36 - 43 kg/tin quing, tiéu hao chat oxy hoa 4 kg/tan
quang, ham luong urani trong ba thai dao dongtrong khoang 0,0082% - 0,0094%. Véi quy mo
3.000 kg/mé, da dat duoc hiéu suét thu hoi tir 76 - 92% (tly theo cp ham lugng quing va loai
hinh quing), thoi gian hoa tach 30 - 40 ngay, tiéu hao axit 36 - 44 kg/tin quing, tiéu hao chat
oxy hoa 4 kg/tan quang, ham luong urani trong ba thai con 0,0089 - 0,0093%. Ngoai ra, ky
thuat hoa tach tham da dugce str dung dé xur ly quang ¢ quy mo 20 tan quing/mé tai mo va két
qua thu duoc tuong d01 t6t du thoi diém ban dau, dong dung dich c6 bi tac nghén trong bé.
Nhu véy, cac thong sb thich hop cta qua trinh hoa tach thim 1a cip hat quing <10 mm, tiéu
hao axit tir 30 - 50 kg/tan; tiéu hao chat oxy hoa 4 kg/tin, téc d6 tudi dung dich tac nhan hoa
tach 10 - 30 I/m”.h. Két qua hoa tach dbi véi loai quing cdp 1 (ham lwong urani 0,0375%) dat
hon 75% va cac cap ham luong 2 va 3 déu dat trén 80%. Ham luong urani trong ba thai cua
qua trinh hoa tach <0,01% [7].

2.2.2.3. Hoa tach thdm quing da duoc agglomerat hoa

Céac thi nghiém khao sat anh hudng cua do am, tiéu hao tic nhan oxy hoéa MnQ,, tiéu
hao axit sulfuric khi trdn, téc d6 tudi va tiéu hao va ndng do axit sulfuric khi hoa tach thim da
dugc khao sat cho cac mau quang ban phong héa (ham lugng U = 0,0905% va quéang duoc
dap xudng cd hat -10 mm) va mau quang phong hoéa c6 ham lugng U = 0,0309% (cho ca cac
truong hop agglomerat phan hat min va trudng hop agglomerat toan b mau quing). Két qua
thu dugc nhu sau: trong giai doan agglomerat thi d6 am khéi quing can dat 6 - 8%; tiéu hao
axit sulfuric 15 - 20 kg/tan quang, tiéu hao chit oxy hoa MnO,: 4kg/tan quang (téc do quay
cua tuy theo duong kinh cua thung quay); trong giai doan hoa tach thi nong do axit 1a 50g/1,
tiéu hao axit 1a 18 - 20 kg/tin quing, toc do tudi dung dich 1a 15-30 I/m*h va thoi gian hoa



tach 1a 10 - 30 ngay tuy theo chiéu cao 16p quing. Hi¢u suat thu hoi urani dat trén 85% cho
cic mau quing.

2.2.3. Xir 1y dung dich hoa tach bang phwong phap trao ddi ion

Phuong phap trao d6i ion 1a phuong phap chu yéu dugc lwa chon dé xir ly dung dich
hoa tach quing ngheo trén thé gigi du tinh chon loc cta né kém phuwong phéap chiét dung moi
(vi néu sir dung dung méi trong truong hop nay s€ bi that thoat dung méi va anh hudng t6i
moi trudng). Vi vdy, voi quing cat két khu vyc Pa Lira thi viéc lwa chon trao ddi ion 14 phu
hop hon ca.

Pé lam sach tap chit va lam tang néng d6 urani trong dung dich hoa tach, nhya anion
bazo manh Amberlite IRA-420 (cta My) da dugc st dung dé hép thu chon lgc urani va dung
dich chtta NaCl 1M + HCI 0,05M dugc st dung lam tac nhan rira giai. Trude khi thir nghiém
xtr ly dung dich hoa tach thuc, anh hudng cia n(‘?)ng dd céc ion sit, sulfat, clo, nhom va silic
t6i dung luong hap thu urani cia nhya da duoc khao sat chi tiét. Vi cac ion sat, sulfat va clo
da xac dinh dugc phuong trinh biéu dién mdi quan hé ctia dung luong hap thu urani va sit ciia
nhya vao nong dd ciia cac ion niy bang quy hoach thyc nghiém. V61 nhém, mac du khong
tham gia phan ng trao d6i ion voi nhya nhung khi ndng d6 nhém ting thi dung lugng hap
thu urani giam nhiéu ¢ thé do nhom lam ting d6 nhét cia dung dich lam can tr6 sy khuech
tan ctia dung dich trong cac mao quan trong hat nhya. Con véi silic, néu dung dich c6 nong do
2 g Si/l tro 1én s& 1am giam déng ké dung lugng hap thu urani cta nhya (t6i khoang 25%). Vi
vay, khi hoa tach quing, can luu y ché do cong nghé dé giam thiéu su hoa tan cua cac nguyén
tb nay.

Dung luong hap thu urani ctia nhya Amberlite IRA-420 tir cac dung dich hoa tach thyc
té thu dugc tir cac thi nghiém hoa tach tron u cac mau quing c6 ham luong urani khac nhau da
duoc xé4c dinh. Cu thé, da s dung cac mau dung dich hoa tach c6 thanh phén hoéa hoc nhu
trong bang 3 dudi day.

Bdng 3. Thanh phcin héa hoc ciia mét s6 loai dung dich hoa tach
N.t0 M1 M2 M3 M4 M5 Mé M7 M8 M9
2,166 | 1,656 | 1,407 1,826 | 1,383 1,158 1,258 | 1,030 | 0,845

Fe 10,48 8,38 6,71 12,22 | 10,13 7,54 | 10,67 8,10 5,98
SO, 95 70 56 150 125 92 156 114 90

Ti 0,015 0,010 0,008 | 0,158 0,131 | 0,103| 0,082| 0,052 | 0,040
Mn 2,82 2,12 1,72 4,46 3,66 2,98 3,05 2,07 1,67
P 0,232 0,161 | 0,134| 0,345 0,275| 0,216 | 0,193 | 0,137 | 0,110
Al 4,64 3,50 2,88 4,59 3,74 2,97 6,22 4,66 3,71
Sr 0,022 0,018 | 0,016 | 0,057| 0,051 | 0,045| 0,044 0,034| 0,030
As 0,028 | 0,019 0,017| 0,027 | 0,023 | 0,019| 0,049 | 0,032 | 0,025
Vv 0,063 | 0,047| 0,039| 0,071 | 0,058 | 0,046| 0,081 | 0,053 | 0,042

Ghi chii: cde mau M1, M2 va M3 la céc dung dich hoa tach voi cac mirc tuan hodn dung dich
ria khdac nhau khi tron quang co ham lwong 0,103%U; M4, M5 va M6 la cac dung dich hoa
tach thu dwoc véi cde mire tuan hodn dung dich rita khdac nhau khi tron quang co ham luong
0,055%U va M7, M8 va M9 la cdc mau dung dich thu dwoc voi cac mirc tuan hodn dung dich
rvua khac nhau khi tron quang co ham luong 0,042%U.



Thi nghiém hép thu duoc tién hanh trén cdt nhya tinh, dung dich dugc ddi qua cot voi
lwu Iwong tmg véi thoi gian luu trung binh 3,5 - 4,0 phit cho dén khi toan bd 16p nhua bio
hoa urani. Sau khi rira hét dung dich hoa tach du trong cot, nhwa dugc rira giai (bang dung
dich tac nhan NaCl 1M + H,SO, 0,05M véi thoi gian luu 8 - 10 phit va thé tich bang 20 lan
thé tich 16p nhya dé tach toan bd urani ra khoi nhua, dung lugong hép thu urani theo cac mau
dung dich hoa tach duge tinh toan tir két qua phan tich va két qua dugc dua ra trong bang 4:

Badng 4. Dung lwong hdp thu mét sé kim loai ciia nhwa véi cac mau dung dich hoa tach (g/lit

nhya wot)
N.to M1 M2 M3 M4 M5 Mé6 M7 M8 MI1
U 62,14 | 60,85 | 58,88 | 56,70 | 53,61 | 48,22 | 43,13 | 4590 | 49,31
Fe 7,76 8,19 9,08 | 10,13 8,96 7,72 11,41 8,49 6,52
Ti 0,01 0,01 0,01 0,20 0,18 0,11 0,11 0,10 0,07
Mn 0,07 0,10 0,07 0,15 0,14 0,10 0,12 0,11 0,26
P 0,08 0,10 0,09 0,14 0,14 0,12 0,04 0,05 0,06
Al 0,11 0,15 0,10 0,13 0,13 0,10 0,19 0,17 0,58
Sr 0,06 0,07 0,07 0,09 0,08 0,07 0,02 0,08 0,07
As 0,02 0,02 0,02 0,03 0,03 0,02 0,03 0,04 0,04
\Y% 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01

Céc két qua nay cho thiy, dung lugng hap thu urani cta nhua tir dung dich hoa tach
quing nghéo déu thap dang ké so véi dung dich urani sach c6 ndng d6 va pH twong tmg. Mic
du vay, hiéu qua lam sach dung dich van thé hién rat 5. Voi cung mot loai quang, anh hudng
clia mic d6 tuan hoan nudc ria toi dung lugng hép thu urani 13 kha phirc tap. V&i quing
“giau urani hon” thi dung lugng hap thu urani c6 xu thé giam di khi dung dich cang lodng,
nhung voi quing cang ngheo thi lai c6 xu thé nguoc lai, nghia 1a dung dich cang lodng thi
dung lugng hap thu urani cang ting. Tuy nhién, v6i ca 3 loai quing da khao sat thi mirc do
thay d6i dung luong hap thu urani vao mirc d6 dam dic cua dung dich 1 khong 16n va khong
0 rét. Ngoai ra, mirc d6 suy thoai va viéc tai sinh nhya sau nhiéu chu ky lam viéc ctia nhya
cling da dugc nghién cuu.

2.2.4. Két tiia san pham

Viéc sir dung tac nhan MgO thuong chi duge sir dung & cac mo urani nho trén thé gioi,
& d6 ho ché bién so bo dé thu san pham trung gian diurranat magie mang vé co s ché bién
chinh thirc dé giam chi phi van chuyen quang va ba thai. Viéc sir dung MgO thuong thu dugc
san pham c6 ham luong urani thap va khé 6n dinh vi trong qua trinh két tia san pham duoc
hinh thanh tir v tic nhan lam giam sy khuéch tan dung dich vao viing 15i ctia tic nhan. Viéc
sir dung H,0, thi thu dugc san pham c6 do sach rat cao nhung c6 chi phi cao hon va phtc tap
hon nén st dung tac nhan NH4OH 1a phu hop.

Vi quang cat két khu vyce Pa Lira, tic nhan H,O, dugc st dung trong quy trinh két tia
tryc tiép tir dung dich hoa tach quing (thu duoc tir hoa tach tinh bang axit sulfuric) théng qua
hai giai doan [4] va tac nhan MgO dugc sir dung trong quy trinh két tia san pham urani tir
dung dich thu dugc & cong doan trao doi ion [7]. Quy trinh két tua truc tiép tir dung dich hoa
tach quing c6 nhugc diém 16n 1a dung dich hoa tach quing véi axir sulfuric co ndng do sit va
nhiéu tap chit khac nén khi két tua tap chit s& that thoat kha nhiéu urani theo b thai. Vi vay,
trong bai chi trinh bay két qua nghién ctru két tia san pham véi tac nhan NH,OH.

_ Dung dich rua giai (sau trao doi ion - ¢6 nong d6 6,206 gU/L; 0,7447 gFe/l va cac tap
chat khac) dugc st dung dé nghién curu ket tua san pham bang NH4OH. Dung dich rtra gidi co



ndng do sat con 16n nén néu két tia tryc tiép tir dung dich nay thi ham luwong urani trong san
pham chi dat 79,04% U;Og trong khi d6 ham lugng st 1én toi 8,41% khong dat yéu cau. Do
d6, dung dich nay di duoc trung hoa bang sira voi dén pH = 3,8 dé tach sét. Sau khi loc ria,
dung dich thu dugc c6 nong d6 5,669 gU/L; 0,008 gFe/l va cac tap chét khac. Nong d6 urani bi
giam di so v6i ban dau do mot phan nho mat mat vao bi va chu yéu do pha loang bai sira voi
va nudc rira. Gan 99% sat bi tach khoi dung dich ¢ giai doan ndy ma mét mat urani chi hon
1%.

Anh huoéng cta nhiét d6 két tua, néng d6 urani trong dung dich dau va pH dén hiéu suit
thu hoi urani va chat lugng san pham urani k¥ thuat da duoc khao sat. Vé anh huong cua nhiét
d6, da sir dung ciing mot luong tic nhan di thu duoc két qua nhu trong bang 5.

Két qua cho théy, hiéu suét thu hoi urani déu dat rit cao va it phu thudc vao nhiét d két
tiia. Ham luwong urani trong san pham dat twong d6i cao do sau qua trinh trao d6i ion va két
tda tap chét dung dich da kha sach tap chat. Ham lugng urani tang Ién khi tang nhiét do két
tia. Thuc té, khi két tia ¢ nhiét d6 cao (60 - 65°C) thi mot phan NH4OH bi bay hoi nén pH
khong tang Ién nhu ¢ nhiét d thuong. Vi vay, néu két tha ¢ nhiét d6 thuong thi can giam tiéu
hao tac nhan dé han ché su két tia mot sd tap chit khac 1am giam ham lugng urani trong san
pham. Tuy nhién, khi két tia & nhiét 6 thap (30°C) thi tao ra san pham vo dinh hinh rat kho
loc (bang 6). Do d6 nhiét do két tua thich hop 1a khoang 60°C.

Bdng 5. Thanh phcin cua san phcfm va hiéu sudt thu hoi urani phy thugc vao nhiét do

Nhiét do (°C) San phém Hiéu suét thu hoéi U
U305 (%) Fe (%) (%)
60-65 89,95 0,083 99,98
45-50 90,11 0,065 99,99
30 87,06 0,042 99,98
Bdng 6. T bc dé loc san phcfm phu thudc vao nhiét do két tia
Nhiét do (°C) Do day 16p loc (mm) Téc d6 loc (lit/mz. gio)
60 2 780
50 2 47
30 2,5 33

V& anh hudng cua pH (twong tmg voi tiéu hao NH4OH), ham lwong sét trong san phim
cang tang (tir 0,018 dén 0,109%) khi tang pH két ta, vi vdy néu trong dung dich diu khong
tach duoc triét dé sét thi chi nén két tia dén pH = 7 (bang 7).

Bdng 7. Thanh phan ciia san pham va hiéu sudt thu hoi urani phy thuéc vao pH

pH San pham Hiéu suat thu hdi U
U305 (%) Fe (%) (%)

6,19 94,74 0,018 99,96

6,73 91,04 0,032 99,98

7,05 89,95 0,083 99,98

7,23 89,55 0,109 99,98




Con v6i dung dich chua hoan toan sach thi néu dung dich cang c6 ndng d6 urani cao thi
chat lugng san pham cang c6 xu the giam di do su cOng két tua cua cac tap trong qua trinh két
tua san pham.

2. 3. D¢ xuit cong nghé xir Iy quing

Trén co so két qua thir nghiém hoa tach bang cac k¥ thuat khac nhau véi cac mau quing
thuc té, wu va nhugce diém cua cac k¥ thuat nay da dugc danh gia, so sanh nham lwa chon
duogc k¥ thuat thich hop nhat dé xir Iy quing cat két khu vuc Pa Lira. V& uu diém, tat ca cac
ky thuat déu c6 hiéu suét thu hoi urani cao. Hoa tach tron 0 véi axit manh c6 lgi thé hon so
v6i hoa tach tham vi quang dugc tron voi nude va axit manh trude nén axit phan b6 dong déu
trong dong qudng va phan tng ngay vdi cac khoang dé tan trong quang, cac cap hat quang
dugc phén b6 dong deu trong toan khdi, thoi gian hoa tach ngin, hiéu suét thu hoi urani cao
va 6n dinh, tuy nhién can c6 khau trén quing voi axit ciing 1am tiang chi phi (du chi phi ning
luong khong nhiéu do thoi gian tron kha ngin) va nong do tap chat trong dung dich hoa tach
kha 16n 1am giam kha niang hap thu urani ctia nhua trao doi ion. Hoa tach thdm ¢ uu diém la
khong can budc tron quang trude nhung nhuge diém ciia n6 1a cac ¢& hat khong phan bd déu
dan dén dong dung dich (axit) khong thim déu trong khdi quing, hodc tic dong (dic biét giai
doan dau tién khi quiang c6 nhiéu loai hinh chua phong hoa va c6 nhiéu khoang tap dé phan
ung véi axit) din dén hiéu suit hoa tach thiip va thiéu tinh 6n dinh, viéc st dung dung dich
axit 75 g/l tir dau dén cudi ma khong co phuong an tuan hoan cho cac mé hoa tach tiép theo
lam tang dang ké tiéu hao axit va tic nhan trung hoa dé diéu chinh pH dung dich hoa tach
true khi trao d6i ion. Ky thuat hoa tach thim véi quing duoc agglomerat hoa trudc véi axit
manh va nudc 1a k§ thuat dung hoa cua k¥ thuat tron 4 va hoa tach thim. Uu diém cua k¥
thuat nay gan twong tu v6i hoa tach tron 0 nhu axit dwoc tron déu véi luong du trong khdi
quing d& hoa tan co ban cac Quing
khoang tap c6 trong quang nhung *

khong du dé‘ hoa tan nhiéu tap chat Pap va Sang
khéc nén nong do tap chat trong 3 '
dung dich hoa tach khong 16n nhu [N
hoa tach tron u. Viéc hoa tach thim Agglomerat < Axit sunfuric
tiép theo bang dung dich axit co v - Chit oxy héa
nong do nhu trong hoa tach tham dé Tao dong
dat hiéu suidt thu hdi urani cao v
nhung s& mat nhiéu thoi gian hon Biquing«—— Hoatach [¢
hoa tach tron u. Pay ciing la xu ¥
hudng xtr 1y hién nay trén thé gioi Hépthu  |e— Nhya méi
do1 voi loai quang ngheo nhu quang  Nnya da rira giai — ¥ Nude thai
cat két khu vuc Pa Lura (nha may & < Ruagiai  [§ NaCl
mo Caetité cua Brazil hay & Somair ¥ h
cua Niger,... cling da st dung hay Két tia
nghién ciru vé cong nghé nay). v

Vi vy, cong nghé xir ly phu Loc <
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vuc Pa Lira duoc lya chon bao gdm Say
cac cong doan (nhu trong so d6) va v
mot so thong sO cong nghé quan Banh vang v
trong sau: Di xit Iy thai

+ Dép quing (d6i véi quing cyc):
dap 2 cip bang hai may dap xudng
¢ hat -10 mm;

So do céng nghé xir Iy quing cdt két khu viec Pa Lira



+ Agglomerat hoa quéng bang nudc va axit sulfuric manh: do am 6 - 8%, tiéu hao axit H,SO,
16 - 20 kg/tan quang, tiéu hao MnO, (loai ky thudt) 4 kg/tan quang, thoi gian trdn 8 - 10 phut;

+ Hoa tach thAm: toc d6 tudi dung dich axit 15 - 30 1/m2.h, néng dd axit sulfuric trong dung
dich tudi: 50 g/l va tiéu hao axit cho giai doan nay 1a 18 - 20 kg/tan quéng.

+ Xir Iy dung dich bing phuong phap trao d6i ion: sir dung nhya trao d6i anion bazo manh
nhu Amberlite IRA-420 (c6 thé str dung nhya GS 300 cia An D9,...), trong d6 thoi gian luu
trung binh cta dung dich trong giai doan hép thu 1a 3,5 - 4 phut con giai doan rira giai sir dung
tac nhan NaCl IM + H,SO, 0,05M (v6i thé tich béng 20 lan thé tich 16p nhua) va thoi gian
luu 8 - 10 phut.

+ Két tha san pham yellowcake: két tia thong qua 2 giai doan (giai doan dau sir dung
Ca(OH), trung hoa dén pH = 3,8 d¢é tach sat, giai doan thir hai 1a két tia san pham sir dung
dung dich NH,OH dé trung hoa dén pH = 7,0 va nhiét d6 khoang 60°C d¢ tao san pham dang
tinh thé d& loc rira.

Tuy nhién, dé hoan thién dugc cong nghé nay, nén tién hanh thir nghiém hoa tach nhiéu
bac nguoc chiéu dé tan dung axit du, giam chi phi tdc nhén trung hoa axit du trong dung dich
trude khi xu ly bang trao doi ion va nang cao ndng d6 urani trong dung dich hoa tach. Ngoai
ra, can c6 sy tinh toan chi phi cho cong viéc xir Iy quing dé thu san pham urani ky thuat (chua
tinh t6i cong viéc khai thac) dé cé thé lugng hoa trong viée so sanh cac phuong an cong nghé
va lam co s¢ dé danh gia gi tri ctia mo.

3. KET LUAN

- Céc cong doan chinh trong céng ngh¢ xur Iy quang cat két khu vuc Pa Lira (gom gia cong
qudng, hoa tach, trao d6i ion va két tua san pham) da duoc nghién ciru chi tiét dé tim ra cac
thong s6 cong nghé thich hop cho cac miu quing.

- P & xuit duoc cong nghé xir Iy phu hop cho dbi tuong quing cat két khu vic Pa Lira dam
bao hiéu sudt thu hdi urani va hiéu qua kinh té nhat. Cong nghé nay bao gém cac cong doan
chinh 13 dép quang, agglomerat quang bang nuGce va axit dc, hoa tach thim, xir Iy dung dich
bang trao do1 ion, két tiia san pham va mot sé cong doan khac. V&i cong nghé nay co thé dat
duoc hiéu suét thu hoi urani khoang 85%.

- D¢ hoan thién cong nghé nay, nén tién hanh thir nghiém hoa tach nhiéu bac nguoc chiéu dé
tan dung axit du, giam chi phi tac nhan trung hoa axit du trong dung dich trudce khi xtr ly bang
trao d6i ion va nang cao ndng do urani trong dung dich hoa tach. Ngoai ra, can co su tinh todn
chi phi cho cong viéc xir Iy quing dé thu san pham urani ky thuat dé c6 thé lugng hoa trong
viéc so sanh cac phuong an cong nghé va lam co s dé danh gia gid tri ctia mo.
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