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Tom tit:

Hoa tich dong da dwoc ing dung phd bién dé xir 1y cac loai quing ham lwong thap do chi phi diu tw va van hanh
thap. Qua trinh agglomerat hoa théng thuwong dwoc Ap dung nhw mdt giai doan trung gian giira giai doan dip quing
va giai doan tao dong quing trwdc khi tién hanh hoa tich. Céac hat min dwoc gin véi cac hat thé hon hoic tw lién két
v6i nhau thanh cac hat ¢6 kich thwéc 16n hon trong qua trinh agglomerat héa. Nghién ciru nay dwec thwe hién véi
muc tiéu 12 xdy dung dugec mé hinh thong ké qua trinh agglomerat héa rng dung trong hoa tich dong quing urani
ban phong héa ving Pa Lira - Pa Rong nhim ti wu héa giai doan agglomerat. Tir két qua nghién ciru, cic tac gia
di lwa chon dwoc cac thong sé thich hop ¢é anh hwéng dén qua trinh agglomerat héa d6i v6i quiing ban phong héa:
chi phi 20 kg H,SO /tAn quing, ndng d9 H,S0, 250 g/l, d) 4m khoi quiing 8%.

Tir khéa: hoa tach ddng, md hinh théng ké, qua trinh agglomerat.

Chi s6 phin loai: 2.4

Thoi gian diu khi dua phuong phap hoa tach déng vao
van hanh thuong mai, tinh tham cua dung dich hoa tach qua
dbng quing da tro thanh van dé chinh khi quing chira mot
luong dang ké cac hat c6 kich thudc nho. Cac hat c¢6 kich
thudc nho co thé chuyén dong xudng phia dudi ciung voi
dung dich hoa tach hodc c6 thé bit kin céc 15 trong qué trinh
hoa tach dong, tir 46 dan tdi tinh thim khong t6t va 1am cho
hiéu suat hoa tach dong khong cao. Qué trinh agglomerat
dugc ap dung nhu la mot qud trinh trung gian gitra cong
doan nghién va cong doan xép ddng, dé xtr 1y hién tugng
thAm néu trén. Trong qué trinh agglomerat, cac hat nho
duogc tap hop lai voi nhau hodc cac hat nho bam vao céac hat
16n hon qua mét qua trinh xtr Iy dé tao ra cac hat c6 kich
thude 16n hon, dong déu hon, chiu dugc luc nén ép nhung
6 do tham t6t [1-4].

Theo nghién ctru cia Adirek Janwong [4] thi agglomerat
hoa 1a mot trong nhiing giai phap c6 hiéu qua dé nang cao
tinh tham cua khéi quing, ting cudong phan tng hoa tich
xay ra trong phuong phap hoa tich ddng dé xir 1y cac loai
quing nghéo chira ddng, vang hay urani...

Dbi twong nghién ctru cho qué trinh agglomerat chu yéu
1a cac loai quang co cau triic toi xop dé gay tac, qua trinh gia
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cong sinh hat min... Qua trinh nay ciing tao ra nhidu khoang
tréng hon trong hat quing sau khi dugc agglomerat hoa, cho
phép tac nhan hoa tach di chuyén dé dang téi timg noi trong
hat quing, trong déng quing [5].

Trong hoa tach déng quing urani, qua trinh agglomerat
hoa gém céac budc sau: quing urani dau tién dugc gia cong
td1 cd hat thich hgp, sau do agglomerat hoéa (phan hat min
hodc toan bo) trong thiét b1 trong quay bang cach bo sung
nudc, tac nhan hoa tach, néu can thiét thi thém chat két dinh.
Quang sau khi agglomerat hoa xong, dugc tao dong va tién
hanh theo phuong phap hoa tach déng [6, 7].

Bai bao trinh bay két qua nghién ctru anh hudng cia cac
yéu té chi phi axit H,SO,, noéng do axit H,SO, va do am
cua khoi quang dén giai doan agglomerat doi voi quang ban
phong hoéa (BPH) va tinh toan phuong trinh hdi quy mé ta
hiéu suét thu hoi urani trong qué trinh hoa tach déng phu
thudc vao cac yéu td trén.

Noi dung nghién ciiu
Déi twgng

Quing urani dang BPH ving Pa Lira - Pa Rong (Quéng
Nam) ¢6 ham lugng urani 13 0,0905% U. Quing dugc lay,
gia cong so bo theo ding quy trinh huéng dan cia IAEA
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Abstract:

Heap leaching has been commonly used to treat
low ores due to its low capital and operating costs.
The agglomeration process is generally used as the
intermediate process between crushing and stacking.
Fine particles are attached to the coarser particles or
bonded together to form bigger particles during the
agglomeration. This research was conducted to build a
statistical model of the agglomeration for applications in
heap leaching of semi-weathered uranium ores in Pa Lua
- Pa Rong area, aiming at optimising the agglomeration
stage. Based on the results obtained, we has selected
the suitable parameters which affect the agglomeration
process of semi-weathered ores as follows: consumption
of 20 kg H,SO, per a tonne of uranium ore, concentration
of 250 g H,SO, per litre, ore moisture of 8%.

Keywords: agglomeration process,
statistical model.

Classification number: 2.4

heap leaching,

dén kich thudc thich hop cho qua trinh xir Iy bang phuong
phap hoa tach ddng (xem bang 1).

Bang 1. Ty lé cac cap hat quing nguyén liéu sau khi gia cong.

o CAp hat Ty 1¢ khoi T Cip hat Ty 1¢ khoi
(mm) lugng (%) (mm) lwgng (%)

1 +10 473 4 +1,18-2,36 8,2

2 +5-10 12,8 5 +0,6-1,18 8,0

3 +2,36-5 5,7 6 0,6 18,0

Cong 100

Thiét bi, dung cu

Hé thiét bi agglomerat hoa, may dap ham Hoa Phat (Viét
Nam), may nghién, may tron mau (My). Cac thung chia,
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6ng dan, bom Cole-Parmer (M¥) Model No. 7553-75, may
do pH 540 GLP (WTW) cua Puc, may do thé oxy hoa khu. ..

Qué trinh hoa tach déng quing va kiém ching thuc
nghiém cac thong s6 cong nghé dugc thuc hién trén hé cac
thiét bi dang cot nhya PVC: D_¢6t=0,105 m, H=1,0 m; D_
cot=0,2 m, H=2,0 m.

Phwong phap

- Khao sat qud trinh agglomerat: s6 lugng mdi mé thi
nghiém 13 10 kg quang da dugc gia cong tdi ¢d hat <1 cm
(95%) va 92 g MnO, 85% (4 kg/tan). Quing va chét oxy
hoa MnO, dugc tron deu va cho vao thung quay. Cac thong
s6 khao sat la chi phi axit, nong do axit va do am cua khéi
quang. Khi khdo sat mot yeu t6 thi cac yéu t6 con lai ctia qua
trinh agglomerat dugc co dinh.

- Thuwe nghiém: x\r Iy quing urani di agglomerat bang
phuong phéap hoa tach déng Vi cac thong sb tong chi phi
axit 1a 40 kg H,SO /tan quang, trong d6 chi phi axit cho giai
doan agglomerat chlem khoang 1/2 tong chi phi axit; d6 4am
cua kh01 quang sau khi agglomerat la 8%, hoa tach dbng
duoc tién hanh vei ndng do axit 50 g/l, chi phi MnO, 4 kg/
tan quang, tbc do twdi 30 1/m?/h va khdi lugng quing cho
mot mé hoa tach 1a 10 kg.

Ham lugng urani trong quéng, trong dung dich va trong
bd quing sau hoa tach dwoc phan tich bang phuong phap
ICP-MS Agilent USA 7500a tai Phong thi nghiém VILAS
524 thudc Trung tam Phan tich, Vién Cong nghé xa hiém.

Hiéu suit thu hdi urani duoc xac dinh theo cong thuce:
H = (m /m)) x 100%.

Trong do: m 1a khdi luwgng urani c6 trong quang dem
hoa tach, m la kh01 lugng urani thu dugc trong dung dich
hoa tach.

£ 2 ~ 2 a~
Ket qua va thao luan

Két qua nghién citu cdc yéu to anh hwong dén qud
trinh agglomerat héa quang urani vang Pa Lira - Pa Rong
bang phwong phap hoa tach dong

Anh hweong ciia chi phi axit ding cho qud trinh
agglomerat hoa dén hiéu suat thu hoi urani bang phwong
phadp hoa tach dong:

Thi nghiém duoc tién hanh nhu sau: can 10 kg quing da
dugc gia cong +46 g MnO, 85% (4 kg/tan) sau do tron déu.
Tién hanh khao sat voi lu’ong axit thay d01 10, 15, 20 kg
H2SO4/tan quang; nong d6 axit 250 g/l; do a am 1a 8%.

Sau khi agglomerat hoa xong toan bo, tién hanh hoa tach
dbng trén cot. Két qua cho thay vai chi phi axit 1a 20 kg/tan
quang (chi dung cho giai doan agglomerat hoa) cho hi¢u
suat thu hoi urani cao 90,58%. Két qua cu thé dugc minh
hoa & hinh 1.
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Theoi gian hoa tach, ngay
Hinh 1. Sy phu thudc hi¢u suat thu hdi vao chi phi axit véi quing
BPH.

Anh huong cua nong do axit dung cho qua trinh
agglomerat héa dén hiéu suat thu hoi urani bang phuong
phap hoa tach dong:

Thi nghiém duoc tién hanh nhu sau: can 10 kg quang
da dugc gia cong + 46 g MnO, 85% (4 kg/tan). Tién hanh
khao sat voi nong do axit thay d6i: 200, 250, 300 g/; chi
phi axit 20 kg/tn quang (cho giai doan agglomerat héa);
do am 1a 8%.

Sau khi agglomerat hoa xong, tién hanh hoa tach déng
trén cot. Két qua cho thdy véi nong do axit 1a 250 g/l cho
hiéu suét thu hdi urani cao nhat (dat 90,58%). Két quacu thé
duoc minh hoa trén hinh 2.
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Hinh 2. Sy phu thudc hiéu suat thu hdi vao nong d¢ axit véi
qudang BPH.

Anh hwéng cua do am quang dung cho_qua trinh
agglomerat héa dén hiéu suat thu hoi urani bang phwong
phap hoa tach dong:

Muc tiéu cua viée xac dinh do 4m thich hop khi tién
hanh tron khoi quang vai tac nhan két dinh 1a axit sunfuric
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lam cho ¢6 kich c& déng déu hon, khong c6 hién tuong bi
nhido, khéi quing trd nén x6p nham giam thiéu su nén ép
quing trong qué trinh hoa tich dong, lam ting kha ning lién
Kkét gifra cac hat min vdi nhau hodc gitra cac hat min va hat
tho, tang hi€u qua qua trinh hoa tich quang.

Thi nghiém duoc tién hanh nhu sau: can 10 kg quing da
duogc gia cépg +46 ¢ MnO2 85% (4 kg/tan). Tién hanh khé}o
sat voi do am thay doi: 6, 8, 10%; chi phi axit 20 kg/tan
quing (cho giai doan agglomerat hoa); ndng do axit 250 g/1.

Sau khi agglomerat hoa xong toan bg, dem hoa tach
dong trén cdt. Két qua ¢ hinh 3 cho thay, voi dd am cua khoi
quang la 8% cho hi¢u suat thu hdi urani dat 90,58%.
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Hinh 3. Sy phu thudc hiéu suat thu héi vao do 4m véi quang
BPH.

Uu, nhwoc diém ciia qud trinh hoa tach qudng khi khong
agglomerat hoa va co agglomerat hoa vé ché do cong nghé,
chat lwong dung dich hoa tach:

Chung t6i da tién hanh thi nghiém hoa tach quing urani
theo hai phuong an: khong agglomerat hdéa quang va cé
agglomerat hoa quing bang phuong phép hoa tach déng.
Quy md mdi cot 1a 10 kg/cot quang urani (cot nhwa PVC
¢6 duong kinh 0,105 m va chiéu cao 1,0 m). Ca 2 phuong
an trén déu dugce tién hanh vé co ban nhu nhau, chi c¢6 khac
nhau & chd: dbi voi quing di agglomerat hoa (sau khi tron
véi MnO,) duge tudi déu véi axit H,SO, dic, sau d6 nap
vao cdt va tudi gian doan thém mot lugng dung dich axit
nhét dinh, cubi cting 14 rira quing bang dung dich axit lodng
va thu dung dich chira urani; con déi voi quing khong
agglomerat (sau khi tron véi MnO,) dugc nap vao cot va
th("yi gian doan dung dich axi’t H,SO, lodng qua c{t quang.
K&t qua so sanh cac thong s6 ctia qua trinh dugc trinh bay
o bang 2.



Bang 2. So sanh céc théng s clia qua trinh hoa tach quing khi
khéong agglomerat héa va c6 agglomerat héa bing phuong phap
hoa tach dong.

L A Khéng Co
Cac théng so
agglomerat agglomerat
Kich thudc quing ban dau, mm <10 (95%) <10 (95%)
Tiéu hao axit H,SO,, kg/thn quang 45-50 40,0
Tiéu hao chét 6 xy hoa MnO,, kg/ . .
tan quang
Thoi gian hoa tach, ngay 14 11
Nbng d6 urani trong dung dich hoa
0,7-1,1 0,8-1,4
tach, g/l
Néng d¢ Fe trong dung dich h¢
ong do Fe trong dung dich hoa il o
tach, g/l
Hiéu suat thu hdi urani, % 85,2 90,58

Qua két qua thi nghiém cho thdy, cac thong sb cia quéa
trinh hoa tach quang urani da agglomerat so véi quéang urani
khong agglomerat hoa bang phuong phap hoa tach déng co
vu diém 14 thoi gian, hi¢u suat tang hon, tiéu hao axit thap
hon, khong bj tic dong, han ché bui khi khong tién hanh
nap quing kho truc tiép vao cot va bé; trong khi do chat
luong dung dich sau khi hoa tach khong thay ddi nhidu so
v6i quang khong dugce agglomerat. Tuy nhién, qua trinh nay
cling 1am tang chi phi khi van hanh hé thiét bj agglomerat,
t6n thoi gian chuan bi trude khi tién hanh hoa tach quing.

Xay dung mo hinh thé'ng ké qua trinh agglomerat héa
qudang urani vang Pa Liva - Pa Rong

Bai toan: nghlen ctru hiéu suat thu hoi urani trong qua
trinh hoa tach dbng quang urani BPH phu thudc vao cac yeu
t6: Z, - ndng d¢ axit, g/l; Z, - chi phi axit, kg/tin quing; Z
- do am % trong giai doan agglomerat Két qua mi hoa cac
yéu t6 duogc thé hién ¢ bang 3.

Bang 3. Ma héa cac yéu to trong qua trinh hoa tach dong quing
urani da agglomerat héa.

Cic nhén t6 theo t 1& xich tw nhién Céc nhén t6 trong hé ma héa

Sé thir tw thi
nghidm : g z, %, X, X, X, Y
1 200 20 6 . + - 84,5
2 200 10 6 - - 2 76,4
3 300 10 6 + - . 79,8
4 300 20 6 + + 5 86,2
5 200 10 10 - . + 77,8
6 300 0 10 + - + 80,1
7 200 20 10 - + + 87,9
8 300 20 10+ + + 87,5
Tap i
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Xac dinh phuong trinh hdi quy bac 1 day du mé ta thuc
nghiém, vdi do tin cay P=95%.

Cac budc tién hanh: phuong trinh hdi quy bac mot ba
nhén to day du c6 dang nhu sau: y =b x +b x +b,x +b.x,

+ b12X1X2 + b13X1X3 + b23X2X3 + b123X1X2X3

Dé thuan tién cho viéc tinh toan, ma tran ké hoach hoa
thuc nghiém dugc mo rong thé hién ¢ bang 4.

Bang 4. Két qua tinh toan, ma tran k& hoach héa thuc nghiém.

Stt X, X, X, X, XX, XX, XX, X XX, Y, %
1 1 1 -1 -1 1 1 1 -1 76,4
2 1 1 -1 -1 1 -1 1 1 79.8
3 1 1 1 -1 1 1 -1 1 84,5
4 1 1 1 -1 1 -1 -1 -1 86,2
5 1 1 1 1 1 -1 -1 1 77,8

7 1 -1 1 1 -1 -1 1 -1 87,9

8 1 1 1 1 1 1 1 1 87,5

* Buge 1 - Xdc dinh cac hé s6 hoi quy.
- Xéc dinh c4c hé sO by, b,, b,, by:

M (
SwELT Y e os6 la

Ap dung cong thuc: b, =
phép todn tinh tong ciia cdc gid tri khi gan ddu cot X, vao cot
y twong 1mg theo hang). Lan lugt thay sb vao, ta tinh dugc
cac két qué sau (N=8): b,=82,525; b =0,875; b,=4; b,=0,8.
(N duoc tinh theo cong thirc: N = 2" Trong d6, N la sé
s6 hang ciia phwong trinh hoi quy béc 1 - chinh la s6 thuc
nghiém phai lam; n la sé nhan t6 anh hwéng dén két qua
thuce nghiém, ¢ day n=3).

- Xac dinh cac hé s6b . b b.:

12> 723

N
Mﬂ (tir $6 la phép

Ap dung cong thirc: b

i

todn tinh tong ciia cdc gid tri khi gan ddu cot xx, vao cot y
twong irng theo hang). Lan lugt thay sé vio, ta tlnh dugc cac
két qua sau (N=8): b ,=-0,55; b,,=0,375, b ,=0,4.

- Xac dinh cach¢ so b,

N
) XX X Ve
Ap dung cong thie: b, = Lu=s “jv“ kuu

la phép toan tinh tong cia cdc gid tri khi gdn dau cot XXX,

(tur 56

vdo cot y twong img theo hang). Lan lugt thay sb vao, ta tinh
dugc cac két qua sau (N=8): b ,,=-0,125.
* BuGe 2 - Panh gid tinh ¢é nghia ciia cdc hé sé hoi quy.
Tinh ﬂcé nghia cta cic hé s6 hoi quy dugc kiém dinh theo
tiéu chuan t:
15|

i
t. .- =
i rink

Sh

o1
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. 52 S
Trong do: 521’1'=TD hay: Sbl_=f,—%

Do vy, ta tién hanh cac budc sau:
- Xdc dinh gia tri S thyc hién 3 thi nghiém ldp ¢ tam,
nhan duoc 3 gia tri yl°—85 4;y,"=86,1; y,"=85,0. Ap dung

o
A , =¥ . IS A ’ ‘A - 5
cong thuc: 70 = Lz (v6i m 1a s6 thi nghiém lap &
< u
m

tAm = 3), ta tinh duge ¥°_=85.5.

Tiép theo ap dung cong thuc:
m 0 _ =0 2
52, = Tz Oy w V)
m—1

ta tinh dugc 52,=0,31.

- Xac dinh S, :

Ap dung cong thirc: S, == = ta tinh dugc S,=0,197.
v N

- Xac dinh t.

i tmh |bi|
Theo cong thirc: Ti tinn = 5_1-.-- ta tinh duoc t=418,91;

=2,03; t

> 23

t,=4,44; 1,=20,3; t,=4,06; t ,
0,63.
- Xdac dinh t tra bang:

Véi P=95%,
(2)=4,30.

Nhu vy, t, t,,, t,, vat,. déu nho hon t (f), do d6 cac hé
) bbb, va b123 cling déu bi loai ra khoi phuong trinh
h01 quy. Phu’orng trinh v6i cac hé s6 hdi quy con lai c6 dang:

¥ = 82,525+0,875%x,+4,0%x, +0, 8*x,.

=2,79; t,, =1,90; t, =

f=m-1=3-1=2, tra bang 2 chiéu ta co:

095

* Bude 3 - Pdnh gid tinh phit hop ciia phicong trinh hoi
quy thu dirgc.

Két qua danh gia tinh phul hgp cta phuong trinh hoi quy
duoc trinh bay ¢ bang 5.

Bang 5. Két qua tinh toan tinh phui hgp clia phuong trinh hoi
quy thu dugc.

Stt X, X, X, X, Y, W, (y, 3
1 1 -1 -1 -1 76,4 76,85 0,2025
2 1 1 -1 -1 79,8 78,6 1,44
3 1 -1 1 -1 84,5 84,85 0,1225
4 1 1 1 -1 86,2 86,6 0,16
5 1 -1 -1 1 77,8 78,45 0,4225
6 1 1 -1 1 80,1 80,2 0,01
7 1 -1 1 1 87,9 86,45 2,1025
8 1 1 1 1 87,5 88,2 0,49
voi ¥ : két qua thuc nghiém thtr u tinh theo phuong

trinh hoi quy sau khi da loai bo cac hé s6 khong co nghia;
Y két qua thyc nghiém thir u.

- Xdac dinh S

phit hop

theo phuong trinh:
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7.)°

52 _Zi—:i (}F..L_

V&i N=8, L=4 (56 hé s cia phuong trinh hdi quy ¥ tim

dugc), thay s6 vao ta co 82phﬁ h®:1,2375.
: 2

- X dinh F,,, theo phuong trinh: Frgyy, = =255

Thay sb vao ta duoc F,.,=3.99. 0

- Xac dinh F, bhing

Vo6i P=95%, 0=0,05; f=N-L=8-4=4; f=m-1=3-1=2
tra bang ta xac dinh duogc FO’95(4,2)=19,25.

- Kiém dinh:

Do F, ,=3,99<19,25=F . . nén phuong trinh hoi

o=

quy tim dugc moé ta dung thuc nghiém:
82,525+0,875%x +4,0*x,+0,8%x..

e ~
Két luan

D3 nghién ciru anh hudng cia cac yéu td dén qué trinh
agglomerat quang urani BPH vung Pa Lira - Pa Rong va lwa
chon dugc cac yéu t6 thich hop: chi phi axitH,SO, 20 kg/tin
quang, ndng do axit H,SO,250 g/l, 46 & am kh01 quang 8%.
Két qua nghién ctru cho thay, quang urani dugc agglomerat
cho hiéu suat thu hoi urani cao hon (90,58%) so véi quing
urani chua agglomerat (85,2%).

D3 tim dugc phuong trinh hdi quy mé ta ding thuc
nghiém qua trinh agglomerat hoa bicu dién hi¢u suat thu
hoi urani trong qua trinh hoa tach déng quing urani BPH
phu thudc vao cac yéu té: ndng do axit, chi phi axit va
d6 am khéi quing trong giai doan agglomerat hoa: 3 =
82,525+0,875%x +4,0*x,+0,8%x,.
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