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TOM TAT

Trong céng nghé tuyén néi quéng apatit loai Il ving Lao Cai, viéc tach triét dé céc khoéng vét tap
chét carbonat (nhw dolomit va calcite) luén la mét thach thirc Ién do déc tinh céng sinh min va tinh
chét bé mat twong ddng giita cac khoang vat nay véi apatit. Nghién ciru nay tap trung dan dét vao
gidi phap thay thé céac loai thube tap hop truyén théng bang thubc dé chim la axit HsPO. va thubc tap
hop chon loc méi VH10 nhdm tbi wu héa qué trinh lam giau P2Os, Bang phuong phép thuc nghiém
tuyén néi trén mau quang nguyén khai c6 ham lwong thép, bai béo da phén tich chi tiét sw &nh
hwéng cta cac théng sé van hanh dén céc chi tiéu céng nghé. Két qué nghién ctru thuc nghiém da
xac lép duoc ché dé thudce tuyén téi wu, cho phép nang cao dang ké hiéu suét thu héi va chét liong

tinh quéng so véi cac ché do cil.

Ttr khéa: Tinh chon loc bé mét, axit H3PO4 thube tap hop VH10, hidu suét thu hoéi, quéng apatit

loai Il, tuyén néi nghich.

1. DAT VAN BE

Apatit [& ngudn nguyén liéu quan trong trong
san xuat phan bén va coéng nghiép hda chat, tuy
nhién trong thuwc t& khai thac va ché bién, quang
apatit thwong di kem véi cac khoang vat chira
carbonat nhuw dolomit, calcit..., ddc biét phd bién
& quang apatit loai Il. Cac khoang vat nay co
tinh chat bé mat gan twong doéng véi apatit do
cling mang cation Ca?* trén bé mat va c6 cac
nhém anion nhw PO,%" va CO;2” ¢6 cAu tric gan
giéng nhau, dan dén kho khan trong qua trinh
tuyén ndi phan tach chon loc. Diéu nay lam giam
chéat lwong tinh quang ciing nhw hiéu quéa thu
hdi, gay anh hudng dén hiéu qua kinh té va kha
nang st dung tai nguyén.

Trong nhirng ndm gan day, nhiéu nghién
clru trong va ngoai nwéc da tap trung cai thién
hiéu qua tuyén ndi hé apatit — carbonat théng
qua viéc sl dung cac chét didu chinh moi
trwong, cac loai thudc tap hop méi nham thay
dbi tinh chat bé mat khoang vat. Mot sé két qua
cho thdy axit phosphoric (HsPO,) c6 thé déng
vai trd quan trong trong viéc diéu chinh pH va
twong tac véi bé mat hat khoang, gép phan tang
tinh chon lgc trong qua trinh tuyén. Bén canh do,

cac thubc tap hop thé hé méi nhw VH10 dwoc
ghi nhan cé kha nang twong tac manh véi cac
cation Ca?" va Mg**, tr d6 nang cao hiéu qua
thu hoi apatit va han ché kéo theo tap chéat
carbonat.

Gidi phap cong nghé tuyén ndi nghich da
dwoc chirng minh la mang lai hiéu qua vuwot troi
thédng qua viéc cht dong diéu chinh tinh chat bé
mat khoang vat. Trong nghién clru nay, viéc st
dung axit phosphoric H3PO4 déng vai trd 1a chat
de chim chon loc, tao ra méi trwdng pH phu hop
va hinh thanh I&ép mang bdo vé ngan can sw
bam dinh cla thubc tap hop 1én bé mét cac hat
apatit. Dong thei, viéc két hop véi thube tap hop
thé hé m&i VH10 — mét loai thudc co ai luc
manh v&i cac cation Mg?* va Ca?* trong mang
lwdi tinh thé dolomit — gilp dwa cac tap chéat
carbonat Ién |&p bot mbt cach triét dé.

Xuét phat tir thue t& d6, nghién ctu nay tap
trung vao viéc phan tich dac diém thanh phan
vat chat cla quing apatit loai Il ving Cam
Puong — Lao Cai, dong thoi dwa ra ché do
thudc tuyén tdi wu trong qua trinh tuyén ndi
nham nang cao ham lwgng P,Os va thyc thu
apatit trong tinh quang.
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2. PHUONG PHAP NGHIEN CcUU
2.1. Phan tich thanh phan vat chat cta mau

nghién ctru

Mau nghién ctru la mau quang apatit loai 2
(apatit — carbonat) vung Cam Budng — Lao Cai
Bang 1: Két qua phan tich thanh phan dé hat mau Apatit Cam BPwéng

c6 ham lvong 21 — 22 % P20s .

Phan tich thanh phan dd hat mau nghién ctru
tién hanh bang phwong phap ray wét, két qua
trinh bay tai bang 1

. P20s MgO
Cép hat Thu 9
STT (mm) hooach Ham lwgng | Phan phdi | Ham lwong | Phan phéi
(%) (%) (%) (%) (%)
1 1-2 30.03 22.20 30.44 5.80 30.03
2 0.63 -1 20.76 22.30 21.14 6.20 22.19
3 [0315-063| 11.09 21.60 10.94 6.60 12.62
4 |0.15-0.315 7.38 21.10 7.11 6.40 8.14
5 10.074-0.15 3.21 18.30 2.68 7.00 3.87
6 |0.04-0.074 4.35 16.40 3.26 6.80 5.10
7 -0.04 23.18 26.50 28.05 4.60 18.38
Téng cong | 100.00 21.9 100.00 5.80 100.00
Mau quang duoc nghién cliru théng qua cac R . Ty 1é %
, a . R A A Tén khoang . , .
phuwong phap phén tich héa toan phan, phan STT R Cong thire khoi
tich nhiéu xa Ronghen, phan tich nhiét vi sai va vat lwong
ph?n tich 'thaChAhOC I’{ét m()’ng de z(éc,dinh thénf"l 1 Fluorapatit Ca5(F,C|)[PO4]3 35— 37
ﬁ‘lhnahn1khoang vat. Két qua cho & bang 2,3 va > Dolomit MgCOs 26 -8
. X o o . 3 Canxit CaCOs 6-8
Bang 2: Bang phan tich hoa toan phan 7 Thach anh Si0, 911
Héhm |U’<.T?19 5 it 16— 18
7 tia 3 an tic
STT Chi tiéu phan | Don P !
tich Vi Mau Cam
DPudng
1 P20s % 21.9
2 SiO2 % 7.76
3 MgO % 5.80
4 Al2O3 % 1.35
5 CaO % 34.9
6 CO2 % 15.9 ) ‘
7 Mat khi nung % 16.1 ." fh, v :.-',g; N4 o ,‘ b

Bang 3: Bang thanh phan khoang vat khi
phan tich roonghen

Hinh 1: Anh chup mau quiang apatit
phéng to 160 lan.
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(Cb: Cacbonat; Q: Thach anh; Fe: Felspat)

Quang apatit Cam Bwong la loai quang kho
tuyén ndi do tinh chat tuyén ndi cla 2 khoang
vat apatit va dolomit kha giébng nhau. Diéu nay
cho thay can thiét phai c6 cac thubc tap hop co
tinh chon riéng cao ciing nhw cac ché do dé
chim dac thu.

Mau quang nghién clru c6 d6 xam nhiém
kha min (kich thwéc hat apatit 20-50 um), do do
can phai nghién min quang trwdc khi dwa tuyén.

Do trong quéng c6 ba nhém thanh phan
khoang vat cé ty 1& I&én la apatit, carbonat
(dolomit + canxit), siliccat (thach anh, fensphat)
xam nhiém twong dbi min v&i nhau nén dé dat
duwoc chat lwong tinh quang apatit cao thi c6 thé
phai tuyén ndi nhiéu giai doan.

2.2. Phwong phap nghién clru tuyén néi
nghich

Thiét bi st dung trong nghién clu 1a may
tuyén néi thi nghiém dung tich 1 lit, dang co
hoc, 1am viéc theo nguyén ly khudy tron két hop
suc khi. Hé théng khudy gitp phan tan khi thanh
cac bot khi min, d@m bdo sw tiép xtc hiéu qua
gitra bot khi va hat khoang. Thiét bi cho phép
diéu chinh va kiém soat cac théng s cong nghé
co ban nhu thdi gian tuyén, ndng d6 bun va ché
do cép thube tuyén, dam bao do 1ap lai va do tin
cay cua két qua thi nghiém.

Tuyén ndi nghich & qua trinh tuyén ndi trong
doé cac khoang vat khoéng cé ich dwoc [am ndi
l&n bé& mat bot khi va tach ra khai pha bun, trong
khi khoang vat c6 ich dwgc gilr lai trong pha
16ng (khdng ndi). Co ché cla qua trinh nay dwa
trén sw khac biét vé tinh chat bé mat gitra cac
khoang vat, théng qua viéc s dung cac thubc
tuyén phu hop, bé mat ctia khoang vat khéng cé
ich dwoc lam tré nén ky nwéc nhe sy hap phu
cta thubc tap hop, trong khi khoang vat cé ich
dwoce duy tri trang thai wa nwdc nho tac dung
cla cac chat c ché hodc diéu chinh moi
trvong.

Quang apatit nguyén khai dwoc nghién dén
dd min d < 0.074 mm t» 85-100%. Thudc de
chim H3sPO4 dwoc nap trwéc dé 6n dinh bé mat
apatit, sau do6 thubc tap hop VH10 duwoc dua
vao dé thu hdi dolomit 1én san pham bot

Ché d6 tuyén ndi nghich v&i HsPO4 1a ché do
dién hinh dé& phan tach apatit va dolomit. Trong
moi trwéng axit thi qua trinh tuyén ndi dolomit
dwoc céi thién do qua trinh hinh thanh céac vi
béng khi CO; tao ra trén bé mat khoang vat
dolomit. Béng thei trong mai trwdng axit HsPO4
thi apatit bi dé chim.

Sau khi phan tich thanh phan d6 hat va
thanh phan mau, tién hanh cac thi nghiém diéu
kién v&i cac théng sb dwoc nghién ctru khao sat
theo trinh tw sau day:

- D6 min nghién téi wu;

- Néng d6 bun téi wu;

- Chi phi thubc diéu chinh méi trudng axit
H3PO4;

- Chi phi thudc tap hop VH10;

3. KET QUA VA THAO LUAN
3.1. Thi nghiém xac dinh dé min nghién toi
wu

Do min nghién anh hwéng truc tiép dén kha
nang giadi phéng khoang vat cé ich khéi khoang
vat di kém, tlr d6 quyét dinh hiéu qua tuyén néi.
Néu nghién chwa da min, khoang vat chua
dwoc gidi phéng hoan toan, lam gidm kha nang
thu héi; nguoc lai, nghién qua min tao ra nhiéu
hat bun min gay tiéu hao thubc tuyén va lam
gidm tinh chon lgc. Vi vay, can xac dinh dd min
nghién tdi wu dé dat dwoc sw can bang gitra d6
giai phong khoang vat va hiéu qua tuyén ndi.

Vé&i cac diéu kién sau:

- MAu thi nghiém: 300g/lit;

-BD6 min nghién: 80.35; 86.93; 91.76; 98.72;
100%, cép -0.074 mm

- Chi phi H3POys : 9kg/tan;

- Chi phi VH10: 500g/tan;

Két qua thi nghiém tuyén ndi dwoc biéu dién
tai hinh 2
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Hinh 2: Anh hwéng ctia d min nghién
dén két qua tuyén néi.

O céc d6 hat tho thi tinh quéng apatit cé6 ham
lwong thap va dudi carbonat c6 ham lwgng cao
chirng t6 cac khoang vat chwa giai phong hét.

Khi tdng dan d& min nghién thi ham lwong
tinh quang tdng dan, ham lwong quing dudi
giam dan, chirng té do giai phong tang.

Thi nghiém duoec tién hanh thém véi dd min
nghién 100% cip -0.074 cho ham lwong P20s
dat 26.05% va thwc thu dat 86.11% do hién
twong bun héa lam gidm kha nang tiép xic gitra
hat khoang va bot khi nén ham lwgng va thyc
thu P20Os déu giém

Déi v&i dd min nghién 98.72% cép -0.074mm
cho ham lwgng va thyc thu cao nhét nén ta chon
dd min nghién téi wu la 98.72% cép -0.074mm.
3.2. Thi nghiém xac dinh néng dé bun t6i wu

Néng dd bun 1a mét trong nhivng yéu té ¢ y
nghia quyét dinh dén hiéu qua cta qua trinh
tuyén ndi. N6 anh huéng truc tiép dén kha nang
va cham va bam dinh gilba cac hat khoang v&i
bot khi, tr d6 chi phdi hiéu suat thu héi va do
sach clia san pham. Khi ndng d6 bun quéa thap,
s6 lwong hat khoang trong méi trudng tuyén
giam, lam gidm xac suét tiép xuc véi bot khi, dan
dén hiéu qua tuyén khong cao. Ngwoc lai, néu
ndng dd bun quéa cao, dd nhdt cliia huyén phu
tang I1&n, can tr& sw chuyén dong cla bot khi va
hat khoang, dong thoi dé gay hién twong két tu
hodc kéo theo tap chét, lam gidm chat lwong tinh
quang.

Vi vay, viéc xac dinh néng dd bun tdi wu la
hét sirc can thiét nhdm dadm bdo sw can bang

gitra kha nang thu hdi va dé chon loc cla qua
trinh tuyén ndi, gép phan nang cao hiéu qua
céng nghé va tiét kiém chi phi san xuét.

Céc thi nghiém xac dinh ndng do bun téi wu
duwoc xac dinh v&i dieu kién sau:

- Néng dd bun: 200; 250; 300; 350 gam/lit;

- D6 min nghién: 98.72% céap -0,074mm;

- Chi phi axit phosphoric: 9kg/tan;

- Chi phi thuéc tap hop VH10: 500gam/tan;

Két qua thi nghiém dwoc biéu dién tai hinh 3
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Hinh 3: Anh hwéng ctia ndng do bun dén két
qua tuyén néi

Khi tdng néng dé bun quang tr 200gam/lit
dén 300gam/lit thwc thu va ham lwong tinh
quang diéu tang (thwc thu tang t» 87.08% dén
87.54%; ham lwong tang tr 26.83% dén 27.36)
tuy nhién, néu tiép tuc tdng ndng d6 bun quang
Ién 3509/l thi thwc thu tinh quang cé xu hwéng
gidm tir 87.54% xudng 87.37% ma ham lwong
tinh quéng tang khéng dang ké (27.45%). Do dé,
chon ndng dd bun quing cho cac thi nghiém
tiép theo 1a 300gam/lit.

3.3. Thi nghiém xac dinh chi phi axit H3PO4
t6i wu.

Axit H3PO4 1a yéu t6 quan trong quyét dinh
moéi trwéng va chi phi thuéc dé chim, lwgng axit
nhiéu hay it anh hwéng rat Ién dén hiéu qua
tuyén ciing nhuw méi trwéng tuyén.

Cac thi nghiém xac dinh chi phi axit dwoc
xac dinh vai diéu kién sau:

- MAu thi nghiém: 300g/lit;

- D6 min nghién: 98.72% cép -0.074mm;
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- Chi phi H3PO4: 8kg/tan, 9kg/tan; 10kg/tan;
11kg/tan

- Chi phi VH10: 500g/tan;

Két qua thi nghiém dwoc biéu dién tai hinh 4
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Hinh 4: Anh hwéng cuta chi phi axit H3PO,4
dén két qua tuyén noi

O murc chi phi 8kg/tAn d6 chon loc chwa cao:
Tinh quang ham lwgng thap, quang dudi ham
lweng cao so voi quy dinh

Khi thay dbi chi phi axit ttr 8 dén 11kg/tan thi
ham luwgng P20s thay dbi tlr 26.63 dén 27.3% va
thye thu dat cao nhat (88.97%), cho nén ta chon
chi phi axit Hz3PO4 la 10kg/tan
3.4. Thi nghiém xac dinh chi phi thuéc tap
hop toi wu (VH10)

Cac thi nghiém xac dinh chi phi thubc tap
hop (VH10) dworc tién hanh vi diéu kién sau:

- M4u thi nghiém: 300g/lit;

- D6 min nghién: 98.72% cép -0.074mm;

- Chi phi axit: 10kg/tan;

- Chi phi thuéc tap hop VH10: 500g/tan,
600g/tan; 700g/tan; 800g/tan;

Két qua thi nghiém dwoc biéu dién tai hinh 5
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Hinh 5: Anh hwéng cua chi phi thudc tap hop
VH10 dén két qua tuyén néi

Chi phi thudc tap hop VH10 la 500 dén
800g/tan thi ham lwgng P20s thay ddi tir 27.12%
dén 28.42%, thuc thu thay ddi tir 85.92 dén
89.35%.

Khi chi phi I&n hon 600g/tAn ham lwong tang
nhwng thwc thu lai gidm manh.

Chi phi thuéc tap hop VH10 1a 600g/tAn dat
dwoc ham lwgng (28.21%) va thwc thu cao
(89.35%). Chon chi phi thubéc tap hop la
600g/tan.

4. KET LUAN VA KIEN NGH]
4.1. Két luan

Két qud nghién clru da lam rd dac diém
quang apatit loai Il vang Cam Bwong — Lao Cai
la loai quang c6 mirc dd xam nhiém min, trong
do apatit va dolomit cé tinh chat bé& mat twong
ddng, gay khé khan cho qua trinh tuyén ndi
phan tach chon loc. Trén co s& do, nghién clru
da dinh huéng ap dung cdng nghé tuyén ndi
nghich két hop axit H;PO, lam chéat d& chim va
thuéc tap hop VH10 nhdm cai thién tinh chon
loc ctia qué trinh tuyén.

Két qua thwc nghiém da xac lap duwoc ché
dd cbng nghé phu hop, cho phép nang cao rd
rét chat lwong va hiéu qua thu hdi apatit. Cu thé,
tlr quang nguyén khai c6 ham Ilwgng khoang
21,9% P,0s, da thu dwoec tinh quang dat khoang
28,21% P,05 v6i thuc thu dat gan 89,35%. So
v&i cac nghién ctru trwdc day st dung tuyén ndi
thuan véi cac thubc tap hop truyén théng nhw
axit béo hodc amin, thwdng chi dat ham lwong
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tinh quang khoang 23-26% P,0s va thwc thu
55-72%, két qua nghién ctu nay cho thay wu
diém rd rét vé ca ham lwong va thue thu. Diéu
nay chirng té viéc st dung té6 hop HsPO, —
VH10 trong tuyén ndi nghich da cai thién dang
ké tinh chon loc gilra apatit va cac khoang vat
carbonat.

Qua céc thi nghiém tuyén ndi diéu kién xac
dinh ché do tuyén ndi téi wu nhw sau:

- Noéng dé bun: 300gam/lit

- D6 min nghién: 98.72% c4p -0.074mm

- Chi phi axit: 10kg/tan;

- Chi phi thuéc tap hop VH10: 600g/tan;

Nhw vay, nghién clru khéng chi c6 y nghia
trong viéc dé& xuét ché do tuyén phu hop cho
quang apatit loai 1l vung Cam Bwdng ma con
gop phan bd sung co s& khoa hoc cho viéc ap

dung c6ng nghé tuyén ndi nghich trong xt ly cac
loai quéng apatit cé thanh phan carbonat cao.
4.2. Kién nghi

Tw cac két qua dat dwoc, dé nang cao do tin
cay va kha nang ap dung trong thuc té, can tiép
tuc thwee hién cac nghién ctru theo cac huéng cu
thé sau:

Tién hanh thi nghiém tuyén ndi vong hé,
vong kin nhadm muc dich nang cao chét lwong
quang tinh d&m bao yéu cau... (31-32% P205,
xac dinh so dd tuyén néi dbi twong quing (s
lwong khau tuyén tinh, tuyén vét, diém quay lai
clia san pham trung gian ...)

Nghién ciru khd nang két hop tuyén néi
nghich véi cac phwong phap tuyén khac (nhw
tuyén trong lwc hodc tuyén ndi nhiéu giai doan)
nham nang cao hon nira chat lwgng tinh quéng.
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ABSTRACT:

In the flotation processing of Type Il apatite ore in the Lao Cai region, the complete separation of
carbonate gangue minerals (such as dolomite and calcite) remains a major challenge due to their fine
intergrowth and surface properties similar to those of apatite. This study focuses on replacing
conventional collectors with a new selective collector, VH10, in combination with phosphoric acid
(H;PO,) as a depressant, in order to optimize the enrichment of P,O; Based on flotation
experiments conducted on low-grade run-of-mine ore samples, the paper systematically analyzes the
influence of operating parameters on key technological indicators. The experimental results establish
an optimal reagent regime, significantly improving recovery efficiency and concentrate quality
compared with conventional flotation schemes.

Keywords: Surface selectivity, HsPO4 acid, VH10 collector, recovery efficiency, type Il apatite
ore, reverse flotation.
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