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Abstract

In uranium ore processing technology, treatment of leach liquors with a low uranium content by ion exchange is
preferred. Uranium plants in the world applied many kinds of ion exchange systems, such as fixed bed column ion
exchange (FBIX), resin in pulp (RIP), continuous ion exchange (CHEM-SEPS, NIMCIX, HIMSLEY, POSTER,...).
Continuous ion exchange equipments that can overcome the difficulties encountered in traditional FBIX and the use of
resin ion exchange for the concentration and purification of pregnant liquors have widely been used. A continuous ion
exchange system similar to HIMSLEY was designed, made and a operational flowsheet wad developed to treat pregnant
liquor obtained from leaching of sandstone ore. The system comprises an absorption column, an elution column and two
resin transfer columns. Retent time of solution in elution column was calculated so that system can operate continuously
on basis of mass balance. Operational flowsheet developed consists of distint periods: loading, elution, resin transfer
and washing. Results of test showed that the system can operate well and simply. Using this system can reached

uranium recovery effciency of 98%, eluate containing 11.5 g U/L.

1.MO PAU

Trong cong nghé xir Iy quing urani nghéo dé thu
urani k¥ thudt, khi st dung tdc nhan hoa tach Ia axit
sunfuric s¢ thu dwgc dung dich cé néng dd urani
thép (thuong < 1 g/1) va rat nhiéu cdc tap chat. Mic
di chiét dung mdi cé tinh chon loc cao nhung véi
dung dich nay phwong phap trao ddi ion 1a lya chon
thich hop hon.

Trao ddi ion bao gdm nhiéu giai doan ké tiép
nhau. Trudc hét, dung dich dugc tiép xuc véi nhua,
Idc @6 urani duoc hép thu vao nhua (giai doan hép
thu), sau d6 nhya dugc rira bang dung dich axit
loang de tach hét dung dich hoa tich bam theo (rtra
xudi), tlep theo urani dugc tach khoi nhua bang tac
nhan thich hop va chuyén vao pha nuéc (giai doan
rira giai) va cudi ciing nhwa lai dugc rura sach téc
nhan (rra nguoc) va tdi sinh san sang cho nhing lan
hap thu tiép theo.

Céc nha mdy san xudt urani trén thé gi6i da su
dung nhiéu dang thiét bi trao d6i ion nhu trao ddi ion
trong bun, hé cdt nhya tinh va cac loai hé trao dbi
ion lién tuc.

Trong nhitng ndm qua hé¢ cot nhua tinh dang nho
thuong duoc sir dung dé nghién ctru kha ning 1am
giau va lam sach dung dich hoa tich quang cat Két.
Tuy nhién, néu 4p dung & quy md 16n s& c6 nhidu
van dé xay ra nhu kich thudc cdc ct, tinh phuc tap
cua hé thong duong 0 ong va van, nang suat, hiéu qua
sit dung nhya. Vi vay, ching t6i dd manh dan thiét
ké, ché tao va van hanh thir nghiém mot hé trao ddi

ion lién tuc dang HIMSLEY cai tién c6 nang suat xir
Iy khoang 15-20 lit dung dich hoa tach/gio. Trong
bdo cdo nay ching toi s& trinh bay ciu tao, nguyén
Iy van hanh, cich tinh todn thoi gian luu cua giai
doan rira giai va mot s6 két qua thu dugc khi dp
dung xt ly mdt loai dung dich thu dugc khi hoa tach
quang cét két béng ky thudt trdn U véi axit manh.

2. CAU TAO THIET BI

So d6 cAu tao hé trao ddi ion da duoc thiét ké,
ché tao va thir nghiém dugc md ta trén hinh 1. Cau
tao cua hé bao gém cac bd phén chinh sau day:

- Cot h?ip thu (V) chi thyc hién mot cong viéce la
hdp thu urani tir dung dich vao nhya va dam bao
dung dich thai ra khdi cot c6 néng d0 urani. Cot co
duong kinh trong 46 mm va chiéu cao 1.070 mm.
Cot chira duoc 1,8 lit nhua, chiéu cao 16p nhua trong
¢t 1.050 mm. Nhya dugc nap vao ¢t 1a nhya anion
bazo manh Amberlite IRA-420.

- Cot rira gém 2 ¢ot (VI) va (VID), trong d6 cot
(VD) 1a c6t dinh lwgng nhya d3 bdo hoa urani, cot
(VID) 1a cét dinh lugng nhya da rira giai sach urani.
Ngoai chuc nang dinh lugong nhya, ching con dung
dé rura sach dung dich hoa tich kéo theo nhya bio
hoa (cot VI) hay rira sach dung dich tic nhan rua
giai (cot VII). Cot c6 duong kinh trong 46 mm,
chiéu cao 353 mm. Thé tich nhya udt trong cdt: max
0,5 1it.

- Cot rtra giai (VIII) chi thyc hién mot cong viéc
1a chuyén toan bd urani tr nhya vao dung dich va
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dam bao dung dich san phdm c6 ndng d6 urani cao.
Ve cau tao, kich thude cot va lugng nhua trong cot
giong hoan toan cft hap thu.

@) Hegiagotietsi

D) cotrie gt i H1s
@ He dueng dng va van F

@) cotria I !

@ cotria F = [==1
@ cothapthy
@ o dign
@ Bom hdp th
@ Bom rita giai
(eontta

'K!/ N WIEE

I ==
K10y LU
Il - |
I3 ==
) K 1
i | Xarhya
Dung dich thai Cueybithurgticnhan  Dund dich
sénpham
: =
[
Quay i thing
chitadd hoa ich
i
dd? (Gh
N
Hinh 1

- Hé théng duong 6ng va van: hé thdng duong
ong c¢6 duong dung dé van chuyen céc loai dung
dich vao, ra h¢ thong, van chuyen nhya tr cic cot
hap thu va rira giai sang cdc cot dong va nguoc lai.
Su déng md ciia cdc van 1a dé dinh hudng dong
dung dich va nhya di theo chiéu nhét dinh tuy theo
tung giai doan.

- Bom dung dich ding dé van chuyén cic loai
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dung dich vao hé théng trao déi ion (dung dich hoa
tach, dung dich rira va tac nhan rua giai). Theo thlét
ké c6 3 bom, trong d6 bom hap thu ¢6 nang suét
max la 50 lit/gio, bom hap thu c6 nang sudt max la
20 lit/gi¢ va bom rtra van chuyen nhya c6 ning suét
max la 60 lit/gio.

- Ngoai ra cdn c6 cdc thing chira dé chira dung
dich hoa tach, dung dich tac nhéan rira gidi, dung dich
rira, dung dich san pham, dung dich thai.

3. POI TUONG THU NGHIEM

Dung dich st dung trong nghién ctru 1a dung
dich thu dwoc tir qud trinh hoa tich quing cat két
khu vyc Pa Lira (chira 0,043% U) bang k¥ thuét tron
4. Nong do urani va cic tap chét trong dung dich
duoc dua ra trong bang dudi day. Theo so liéu tur
bang nay, nong d6 urani trong dung dich khé thip,
trong khi d6 nong do céc tap chét 1a rt 16n. Trudc
khi dua vao giai doan hap thu cua hé trao doi ion,
dung dich duoc bd sung bing dung dich NaOH dé
diéu chinh pH dén gid tri 1,6 (phit hop nhét cho giai
doan hip thu d6i voi dung dich hoa tich quing).

Nhua trao dbi ion su dung dé thu nghiém la
nhya anion bazo manh cé tén thuong mai la
Amberlite IRA-420 (My). Day la loai da duge dp
dung 6 quy m6 san Xuét cong nghiép tai mot s6 nha
mdy trén thé gidi.

Pé tinh todn mot s6 thong sd cong nghé chinh
cho trao ddi ion (chii yéu 1a giai doan hép thu) thi
v6i loai nhya va dung dich trén ddy phai tién hanh
thi nghiém nham x4c dinh dugc hép dung urani cia
nhya, thoi gian Iuu thich hop cta dung dich khi hap
thu, phé‘m nhua bdo hoa urani khi dat diém 16. Két
qua thyc nghiém chi ra ring hdp dung urani cua
nhya dat 42 gU/l nhya wét, thoi gian luu thich hop
cho giai doan hap thu 13 2,5 phiit va khi urani 16 khoi
ct thi ¢6 1/5 sb nhya bao hoa urani.

Nong d6 cdc ion trong dung dich hoa tich

Nguyén to Nong do, g/l Nguyén to Néng do, g/l Nguyén to Nong do, g/l
U 0,4964 Sr 0,0248 Rb 0,0010
Fe 4,1910 Ti 0,0168 Pb 0,0007
Mg 0,9261 Ni 0,0113 Zr 0,0006
Zn 0,6502 As 0,0098 Ge 0,0006
Ca 0,3108 Th 0,0097 Ga 0,0005
K 0,2691 Co 0,0062 Pd 0,0004
Si 0,2041 Cu 0,0050 Mo 0,0002
P 0,1534 Cr 0,0047 Sc 0,0002
v 0,0287 Se 0,0021 Ba 0,0002

4. XAY DUNG QUY TRINH

Pé dam bao muc tiéu cua trao dbi ion 1a téch tdi
da tap chat, thu duoc dung dich giau urani, dam bao

hiéu suat thu hdi urani cao va gidm ti€u hao céc tac
nhan, theo thlet ké ciia hé thi mot chu ky xur 1y dung
dich bao gom céc glal doan 1an luot thyc hién lan
lugt 1a hap thu; chuyen nhya bdo hoa urani ra va
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df")ng thoi nap nhua sach vao ¢t hép thu; rira nhua
bao hoa urani; nap nhwa bdo ho urani vao dong thoi
dAy nhua di rira giai xong ra khoi cot rira giai va giai
doan rira sach nhua sau khi rira giai xong. Sau day 1a
quy trinh thyc hién tung giai doan cu thé:

a. Giai doan hép thu: duogc thyc hién doc lap
trong cot hip thu, dung dich dugc bom hép thu dua
vao dinh cdt, sau khi qua 16p nhya, dung dich thai
dugc day ra & ddy cot va duoc dan téi thing chia
dung dich thai. Chinh vi vay, cac thao tac lan luot 1a
déng céc duong dng théng véi cdc cot khic bang cic
kho4 twong tmg sau d6 bat bom (da diéu chinh téc
d6 phit hop) rdi mo khod & ddy cot cho dung dich
chay vao thung chtra dung dich thai.

Trén co s céc sb liéu thi nghi¢ém da tinh toan
duoc cic théng s6 cong nghé trong giai doan hap thu
1a: téc d6 dong dung dich hoa tich 272 ml/phiit, thé
tich dung dich hoa tich qua cot & chu ky hap thu dau
tién 1a 54,4 lit (do toan by nhya trong cdt con mdi),
cdn thé tich dung dich qua cot & céc chu ky tiép theo
la 25,3 lit (duoc tinh todn trén co sé lugng nhya
chuyén khoi c¢ot sau mdi chu ky) va sau mdi chu ky
thi c6 0,34 1it nhya (phia dinh cdt) bao hoa urani.

Sau khi thay thé nhya & cot hip thu xong thi tién
hanh ngay g1a1 doan hap thu cua chu ky tlep theo do
nang suat thlet bi phu thu¢c vao giai doan nay.

b. Chuyen phan nhya bdo hoa urani ra, dong thoi
nap nhya maéi vao cot hap thu duoc thuc hién ngay
sau khi két thic giai doan hip thu va dong thoi véi 3
cot: hép thu va 2 cdt rira. Dung dich rira (nudc dugc
axit hod dén pH = 2) dugc bom vao dinh ¢t rua VII,
khi d6 dung dich s& day nhya qua ddy cot rira nay
vao ddy cot hép thu lam cho toan by nhua trong cot
hép thu dang 1én va ph?m nhya bao hoa urani tran
sang cot rira VI. D& dam bao dp luc cho chuyén
nhya, trr khod thong khi & cot rira VI, cac duong
ong cta 3 cot thong voi moi trudng va cot rira giai
phai duge déng hét trude khi bat bom rira. Theo sb
liéu thyc nghiém, téc do dong dung dich rira thich
hop 1a 300 ml/phiit vi khi d6 da dé van chuyén hdn
hop nhya va dung dich va han ché duogc su xdo tron
nhya trong cot hip thu. Do d6, can diéu chinh luu
lwong ciia bom rira vé gid tri 300 ml/pht trudc khi
van hanh bom.

Mic dir sau mdi chu ky hip thu, lwvong nhya bio
hoa urani 1a 0,34 lit, nhung dé an toan (han ché phén
nhya chua bao hoa urani tran sang cot rira do sy xdo
trén) thi mdi lan thay thé nhya chi thay 0,3 lit nhua,
tuong Ung voi thoi gian thay thé 12 3 phut.

c. Rua nhya bdo hoa urani thyc hién doc lap
trong cOt rira VI ngay sau khi nhya bdo hoa urani
dugc ddy sang cot nay. Trudc hét, diéu chinh cic
van dé thdo dung dich trong cot cho dén khi mirc
dung dich cham mat 16p nhya, sau d6 bom 200 ml
dung dich rira vao voi tde do 300 ml/phit va toan bd
dung dich ra khoi cot dugc thu vé thing chira dung
dich hoa tich. Sau d6 bom tiép 700 ml dung dich rira

Lam giau va lam sach dung dich...

nita, phan dung dich ra dwa vao thing chira dung
dich thai, ddm bdo rura sach dung dich hoa tach kéo
theo nhura.

d. Nap nhya bdo hoa (da rtra sach & budc trén)
vao, dong thoi chuyén phan nhya da roa giai hét
urani cOt rira giai ra: thyc hién déng thoi véi 3 cot:
rira giai va 2 ¢t rua. Thao tdc nay tuong tu voi budc
b ¢ trén, chi khac 1a dung dich rita dugc bom vao
dinh cot rira VI, déy nhya & cOt nay vao ddy cot rua
giai va phén nhya da sach urani trén dinh c{t rira
gidi tran sang cot rira VIL Thuyc hién dén khi toan bo
nhya trong cot VI chuyen hét sang cOt rira giai.

e. Rura giai: Ngay sau d6, diéu chinh cic van vao
va ra cua cOt rua gidi, bat bom rtra giai cho dung
dich tac nhan NaCl 1 M + H,SO, 0,1 M vao dinh ¢t
rira giai, dung dich san pham giau urani ra khoi cot
di vao thiing chira dung dich san pham. Cac théng sd
cong nghé nhu tc d6 dong va thé tich dung dich téc
nhian mdi chu ky can dwoc tinh todn dé dam bao
Iuwgng nhya trén dinh sach urani va rua giai két thic
trude khi giai doan hép thu két thic. Do viéc 1ap
cong thic tinh toan nay twong d6i dai nén trong
khudn khé bai bdo chi dua ra cong thite tinh 4p dung
cho loai dung dich da thir nghiém.

Thé tich téc nhan cén thiét (V) trong mot chu ky:
2

V= 20.X (lit), trong d6 X 1a lugng nhya bdo hoa
urani chuyén khoi cot hap thu sau mdi chu ky, 20 12
s6 BV (BV Ia thé tich 16p nhwa chira X lit) dung
dich tac nhan qua cot dé rua giai sach urani; 1,7 la
téng thé tich nhya trong cot rira giai. Vi cc thong
s6 & trén, thé tich dung dich tic nhan cho 1 chu ky
rua giai la 1,059 lit.

Tinh todn tdc do dong tac nhan (L): L = 0,4*%X/t
(lit/phut), trong d6 t 1a thoi gian luu (phut) thuc té
cua dung dich trong c6t rua gidi. Gid tri t phai dugc
chon nhé hon thoi gian luu cho phép cuc dai c6 thé
dugc ty.. Pai lugng t,,, dugc tinh theo cong thirc
sau:

0,68.X.(X.Y/UL,, ., -3.X/0,3-0,3.X/0,024-2)
t =
" 20.X°
(phut).
trong d6: )
Y la hap dung urani cua nhua doi véi dung dich
thtr nghiém (gU/1it);

U la ndng d6 urani trong dung dich hoa tich
&/ ) .

Liapn 12 toc d0 dong dung dich khi hap thu
(lit/phat).

Ciéc gid tri bang sb trong cong thirc tinh 1a cic s6
liéu thuc nghiém.

Trong thuc té thuc nghi€m, gia tri t thuong duoc
chon bang 85% cua tyg 12 phit hop. Nhu vay véi
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dung dich thir nghiém, tbc do dong khi rira giai 1a
0,015 lit/phit.

f. Rlra nhya sach urani trudce khi nap vao cot hép thu
cho chu ky méi: thyc hién & c6t rara (VII) va song
song voi giai doan rua gidi. Tuong tu voi giai doan
rua nhya ¢ cot rira VI, dung dich rira dugc bom vao
dinh cot VII dé thu dung dich téc nhan vé thing
chuira dung dich tdc nhan va rira sach nhya trudc khi
nap nhuya vao cot hip thu cho chu ky tiép theo.

V6i quy trinh nay, dung dich sach (san phdm thu
duogc sau giai doan rira gidi) cé néng d0 urani 1én t6i
11,5 g/l, trong khi d6 sit chi con khoang 1 g/l, néng
d6 cdc tap chat khac khong dang ké. Nhu vy, mic
d6 lam giau urani so v6i dung dich ban dau 1én toi
trén 20 lan. Dung dich thai (sau giai doan hép thu)
chi chtra khoang 0,011 gU/I bang khoang 2,2% so
voi néng d6 dung dich dau, vi vay hi¢u suét thu hoi
urani dat khoang 98%.

5. DPANH GIA KET QUA

Trén co s& céu tao va dp dung quy trinh vén
hanh h¢ trao do1 ion lién tuc c6 thé rit ra dwoc mot
s6 uu diém noi bat so véi hé cot tinh. D6 1a:

- Hé trao ddi ion da ché tao gém 4 cot, trong do
chi ¢6 2 ¢t 16n, trong khi d6 hé cot tinh can it nhét 4
cOt 16n (c6 kich thudc nhu nhau). Nhya trong cot
hap thu va rira giai c6 thé nap diy trong khi d6 trong
hé cot tinh mdi cot can c6 khoang khong gian tréng
it nhat bang 1/3 thé tich cot dé sir dung khi ria
nguoc. Vi thé, néu niang sudt xir Iy cia 2 hé nhu
nhau thi chic chén kich thudc cot cia hé lién tuc s&
nho dang ké nén hé s& chiém it dién tich va chi phi
ché tao thiét bi giam.

- Trong h¢ lién tuc, ciac cdt dugc chuyén mon
héa vi thé hé théng van s& it hon so vdi hé ¢t tinh
(mdi cot phai thuc hién toan bo cdc giai doan). Diéu
nay ciing 1am giam chi phi ché tao thiét bi va thao
tac don gian hon.

- Trong cot hap thu, phan nhya da bao hoa urani
s€ dugc chuyen ra khoi cot sau mdi chu ky (trong
truong hop thir nghiém la 0,3 1it), trong khi d6 véi
hé cot tinh giai doan hip thu chi két thiic khi toan bd
nhya trong cft bdo hoa urani. Do d6, trong hé lién
tuc, hau nhu toan bd nhya tham gia phan mg trao
d6i ion. Mt khéc, viéc giai phéng nhanh lugng nhya
d6 dan dén ching dugc tai sy dung nhanh hon nén
khong can chun bi lugng nhya ban dau 16m.

- Trong hé ¢t tinh, mudn ting mirc d6 1am giau
urani trong dung dich san phim cao nhu hé lién tuc
thi can phai rira giai phan doan c6 tuan hoan dung
dich (vi du v6i dung dich da thur nghiém thi it nhét
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can 5 phan doan) do d6 can nhiéu thing chira dung
dich trung gian (dé tuan hoan) va hé thong dudng
ong va van s& cang phure tap.

bay la nhitng vu diém ndi bt, ching chu yeu lam
giam chi phi ban dau va tao diéu kién thao tic don
gian.

6. KET LUAN

Pi ché tao thanh cong thiét bi trao déi ion lién
tuc nang suat 15-20 lit dung dich hoa tach/gio. Thiét
bi ¢6 cAu tao don gian va hoat dong tot.

ba xdy dung duoc quy trinh vén hanh hé trao
d6i ion lién tuc. Theo quy trinh nay, nguoi st dung
¢6 thé thao tic dé dang.

Viéc thir nghiém xu 1y dung dich hoa tich trén
hé cho thdy, vdi dung dich hoa tich thir nghiém ¢
thé thu duogc dung dich chtra 11,5 gU/l (mrc do lam
giau trén 20 lan), khoang 1 gFe/l va mdt s it tap
chat khdc. Hiéu sut thu hoi urani dat 98%.

RG rang, hé trao dbi ion lién tuc c6 nhitng wu
diém ndi bat so v6i hé cot tinh nén khi tién hanh xir
1y dung dich & quy mo 16n nén sir dung loai thiét
bi nay.

Ngoai vi¢c tinh todn thoi gian luu thich hop cho
giai doan rira giai, trong bai di sir dung nhiéu tinh
todn khac nhung dugc dua vao day va s€ dugc trinh
bay trong bai tiép theo.
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