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TOM TAT

Nghién ctru nay tap trung vao céng nghé tuyén ndi quéng apatit loai Il tai céc khai truong 27, 28,
29 thubc x& Béat Xat, tinh Lao Cai. Loai quing nay déc trung béi ham lwong P2Os thép (12—16%) va
chira nhiéu khoéang tap silicat, cacbonat va sét, lam cho qua trinh lam giau tré nén khé khan va it
dwoc khai thac hiéu qua. Hai méu dai dién (M1 va M2) dwoc phan tich bang XRD, kinh hién vi ‘phan
cuc, AAS, ICP-OES va phéan bé kich thuéc hat. Két qua cho thdy phén I6n P2Os tap trung & cap hat
min <0,045 mm, doi hoi phai ngh/en min dé giai phéng khoang vat apatit. Cac thi nghiém tuyen néi
duoc tién hanh nhdm xéc dinh so dé va théng sb céng nghé tbi uu. So dé dé xuét gébm 1 tuyén chinh
— 3 tuyén tinh — 1 tuyén vét, véi cac diéu kién téi wu: d6 min nghién 85-90% cép hat <0,074 mm, bun
quéng 25% ran, pH = 9,0, thubc tap hop axit béo 500 g/t (ty 1é MD/VH = 150/350 g/t) va thiy tinh
I6ng 500 g/t. Trong diéu kién nay, tinh quéng dat ham long P205>32% va hiéu suat thu hoi 83-85%.
So voi cac ngh/en ctru truée tai Cam Buong va Tang Lodng (higu suét thwong 70-75%), két qua nay
cho thay murc cai thién ré rét va twong dwong véi mét sé cong nghé tuyén néi quéc té. Piém nbi bat
la viéc str dung thiét bi va thudc tuyén sén cé trong nuwéc, gilp ting tinh kha thi, gidm phu thudc
nhap khau. Nghién ctru khdng chi co y nghia khoa hoc khi b6 sung dir liéu vé quang apatit loai Ill tai
khu vire moi, ma con mang y nghia thye tién trong viéc tén thu nguon quéng ngheo, giam ap luc khai
thac quéng giau va ddm bao ngudn nguyén liéu én dinh cho sén xuét phan boén trong nwéc.

T khéa: Quéng apatit loai lll; Cong nghé tuyén nbi; Thudc tuyén néi; Mé Lao Cai; Thu hbi
photphat

1. DAT VAN BE

Apatit Ia khoang vat photphat quan trong. N6
gitr vai trd chu yéu trong san xuéat phan bon, héa
chét cong nghiép va mot sb vat liéu k¥ thuat cao
[1]. O Viét Nam, md apatit Lao Cai la ngudn tai
nguyén photphat duy nhat c6 quy mé I&n, phan
bd thanh nhiéu loai quang khac nhau tir giau
dén nghéo [2]. Trong sb dé, quéng apatit loai Il
chiém ty I& trir lwong dang ké&. Tuy nhién, ham

[5, 6]. O’ Viét Nam, cac nghién ciru tuyén quéng
apatit loai lll dwoc tién hanh tir thap nién 1960.
Chung tap trung nhiéu nhét tai khu vwc Cam
Pudng va Tang Lodng. Cac nghién ciru nay dat
tinh quang v&i ham lwong P20s khodng 32%,
nhwng hiéu suét thu hdi chi dat 50-70% [7, 8.
Nguyé&n nhan la do khoang vat apatit tén tai &
dang hat min. Mirc d6 gidi phéong khéng triét dé
va cong sinh phtrc tap v&i khoang tap [9].

lwong P20s thdp (12-20%) va chra nhiéu
khoang tap nhu silicat, dolomit, cacbonat. Diéu
nay lam cho qua trinh lam giau phtec tap va hiéu
suét thu hoi thdp néu chi ap dung coéng nghé
tuyén ndi théng thuwong [3, 4].

Trén thé gidi, hai hwédng cong nghé chi yéu
dwoc ap dung la tuyén ndi trye tiép va tuyén ndi
nguwoc. Tuyén ndi trwc tiép thuwong dung cho
quang chra nhiéu khoang silicat, trong khi tuyén
ndi ngwoc thich hop véi quang giau cacbonat

Quang apatit & khu mé nghién clu chiu
phong héa manh va cé dac diém khoang twéng
khac biét so v&i vung md trung tdm. Tuy nhién,
cho dén nay van chwa cé nghién clru hé théng
nao vé thanh phan vat chat va ché do tuyén tbi
wu cla quang loai lll tai khu vec nay. Khodng
trbng khoa hoc hién hiru 1a thiéu di liéu vi moé
vé mbi quan hé gitra dac diém khoang vat va
hiéu qua tuyén ndi. Bdng thdi, cling chwa xac
dinh dwoc so d6 cong nghé hop ly. Xuat phat tir
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thwe tién do, nghién ciru nay dwoc tién hanh voi
ba muc tiéu. Thir nhat, xac dinh thanh phan vat
chat cla quang apatit loai Ill x& Bat Xat. Thi
hai, nghién ctu cac yéu té anh hwdng dén qua
trinh tuyén ndi. Th& ba, xay dwng so dd cong
nghé tuyén ndi hop ly dé thu dwoc tinh quang
c6 ham lwong P20s trén 32% va hiéu suét thu
hoi trén 83%. Két qua gép phan tan thu nguén
quang nghéo va giam ap lwc khai thac quang
giau tai mo apatit Lao Cai.

Nghién ctru dwoce thwe hién dwya trén nguyén
ly tuyén ndi khoang vat. Bac trung khoang vat
hoc clia quang apatit loai Il cho thdy phan Ién
P,Os tap trung & cép hat min, do dé yéu cau
nghién min dé gidi phong apatit khdi cac khoang
tap nhu silicat va cacbonat. Qua trinh lam giau
duoc téi wu hoéa bang cach kiém soat cac yéu té
then chdt nhw d& min nghién, néng dd bun, pH
va liéu lwong hda chét tuyén.

Tai Viét Nam, quang apatit tap trung chu yéu
& tinh Lao Cai voi trir lvgng wéce tinh trén 2,5 ty
tan, trong d6 phan Ién 1a quang loai Il va lll c6
ham lwong P20s thdp, khé tuyén [1, 2]. Nhu cau
st dung quang apatit trong nwéc hién rat 16n,
dac biét cho cac nha may san xuat phan bon
nhw DAP Dinh Vi, DAP Lao Cai, va phan lan
nung chay Van Dién. Tuy nhién, do chét lwong
quang nghéo, trong nhiéu giai doan Viét Nam
phdi nhap khdu quang hodc tinh quang
phosphate twr thi trwerng quéc té dé dap (rng nhu
cau san xuét [12, 16]. Piéu nay dat ra yéu cau
cap thiét dbi voi viec nghién ciu cac gidi phap
céng nghé tuyén — d&c biét 1a tuyén néi — nham
nang cao hiéu qua khai thac, st dung nguén
quang trong nuwéc, giam phu thuéc nhap khau
va gia tang gia tri chudi san phdm phan bdn
cling nhu héa chét géc phosphate.

Diém khac biét quan trong ctia nghién cru
nay |a tap trung tryc tiép vao quang apatit nghéo
loai Il tai Viét Nam, vén c6 thanh phan khoang
vat phire tap va it dwoc nghién clru trwde day.
Trong khi d6, Trung Quéc chi yéu khai thac
quang apatit giau v&i quy moé céng nghiép va hé
céng nghé tuyén ndi da rat hoan thién [20, 21];
Ma-réc lai x& ly quéng gidu cacbonat v&i hé
c6ng nghé tuyén ndi nguwoc déc thu [18]. Nghién
clu nay vi vay mang tinh thuc tién cao khi vira

tan dung diéu kién cong nghé, thubc tuyén sén
c6 trong nwéce, vira dat hiéu suét so sanh duwoc
v&i cac cdng nghé tién tién quéc té [22]. Pay la
co s& khoa hoc va cong nghé quan trong dé
trién khai & quy mé coéng nghiép tai Viét Nam.
Nghién clru ciing giai quyét van dé thuc tién cla
nganh khoang san Viét Nam, dé la sw can kiét
cla quang apatit giau va nhu cau tan thu ngudn
quang nghéo loai lll ¢o triv lwong 1&n. Két qua
dat dwoc cho thdy hiéu suat thu héi P20s cao
hon dang ké so v&i cac nghién clru trwdc day
tai Viét Nam. Quan trong hon, viéc st* dung cac
thiét bi va thudc tuyén cé sén trong nuwéc lam
tang tinh kha thi va giam sw phu thuéc vao nhap
khadu, mé& ra co héi (rng dung céng nghé nay
vao san xuét céng nghiép.

2. VAT LIEU VA PHUONG PHAP

2.1. Mau nghién ctru

- Hai m3u quéng apatit loai Il ky hiéu M1 va
M2 dwoc 14y tai cac khai trwong 27, 28, 29 — xa
Bat Xat, tinh Lao Cai.

- Mau dwoc lay theo TCVN 9418:2012, dam
b&o tinh dai dién va ddng nhét.

- Quang nguyén khai dwoc gia cong gian
lwoe, 4y cac mau phan tich thanh phan vat chat
va cac mau thi nghiém.

2.2. Thiét bi nghién ctru

- Bruker D8 Advance (XRD): phén tich
khoang vat.

- Kinh hién vi phan cuc Axiokop 40: nghién
ctu dac diém khoang twéng.

- AAS va ICP-OES: phan tich thanh phan
héa hoc.

- Mastersizer 2000: xac dinh phan b kich
thuwdc hat.

- May tuyén ndi Denver dung tich 1,5 L.
2.3. Phwong phap nghién ctru

- Phan tich khoang vat: bdng XRD va kinh
hién vi phan cuc.

- Phan tich thanh phan héa hoc: bang AAS
va ICP-OES.

- Xac dinh thanh phén dé hat: Mastersizer
2000.
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- Thi nghiém tuyén néi: thuc hién trén may
Denver dung tich 1,5 L dé& danh gia anh huéng
clia cac thong sb cong nghé (d6 min nghién,
ndng débun, pH, thubc tap hop, thudc d& chim)
va thi nghiém so db tuyén néi.

3. KET QUA VA THAO LUAN
3.1. Thanh phan vat chat

Phan tich XRD va khoang twéng thach hoc
cho thdy quang apatit loai Ill tai khu vwc Ban
Vu’oc — Ban Qua chira cac khoang vat chlnh

nhuw: fluorapatit [Cas(POa4)s, illit
[(K,H30)(AI,Mg,Fe)(Si,Al)4010[(OH)2,(H20)11,

thach anh [SiO2], ngoai ra con c6 mét sé6 khoang
vat khac nhw: kaolinit [AL2SiOs(OH)4]; clorit

[Mg2Al3(SisAl)O10(O)g];  felspat  [(K,Na, Ca,
ADAISi;Og); amphibon [(Ca, Na,
Mg,Fe)7SisO22(OH).]; hydrobioit, gipxit. Cac

khoang tap nay ton tai & kich thwéc rat min,
phan bd ddng déu trong da, gay khoé khan cho
qua trinh giai phong hat cé ich.

Hinh 2. Két qua phan tich khoang twéng, thach hoc mau M2

Thanh phan héa hoc clia hai mau M1 va M2 dwoc trinh bay trong Bang 1.

Bang 1. Thanh phan héa hoc chi yéu ciia mau quiang apatit loai lll

3 Thanh phan va ham lwong cac chi tiéu phan tich (%)
Ma P20s MgO Ca0 Fe203 Al203 SiOz
M1 12,31 1,78 14,53 2,70 6,99 50,78
M2 16,51 1,27 16,66 4,24 9,38 44770

T Bang 1 cho thay: ham lwong P2Os trong
quang nguyén khai thap, dao dong tir 12,31%
(M1) d@én 16,51% (M2). Ham lwong SiO2 cao
(50,78% & M1 va 44,70% & M2), ching to
quang cha nhiéu khoang silicat, 1a tap chéat
chinh gay khé khan trong quéa trinh tuyén nbi.

Ham lvong Al,O3 va Fe2O3 & mirc dang ké, dac
biét & M2 (Al.O3 = 9,38%; Fe203 = 4,24%), cho
thdy sw cong sinh manh véi khoang sét va oxit
sat. Ham lwong CaO twong dbi cao (14,53—
16,66%), phan anh sy cé mat clia khoang
cacbonat, cé thé anh hwdng dén méi truong pH
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trong qua trinh tuyén. Tl d&c diém nay, cé thé
thdy quang apatit loai Ill khu vwc Ban Vuoc —
Ban Qua c6 dac tinh nghéo P20s, giau SiO2 va
chta nhiéu khoang tap min, doi héi phai toi wu
héa cdng nghé tuyén ndi dé& vira nang cao ham
lwong P20s vira tang hiéu suat thu héi.

Két qua phan tich d6 hat cho thay phan 16n
P,Os tap trung & cip hat min -0,045 mm, chiém
42-44% tdng lwgng P.0s (Bang 2). Diéu nay
chirng t6 can nghién min dén cap -0,074 mm dé
gidi phéng apatit, ddng thdi tdi wu ché dd tuyén
ndi dé& tan thu quang c6 ich & cap hat min.

Bang 2. Thanh phan dé hat theo cap hat quing apatit khai trwong 27, 28, 29
xa Bat Xat, tinh Lao Cai

Ham lwong Phan b6
3 0 ;
Cép hat (mm) Thu hoach (%) P,0s (%) P,0s (%)
M1 M2 M1 M2 M1 M2
-2+1 19,34 17,51 5,99 12,81 9,42 13,58
-1+0,5 23,87 21,20 14,02 15,96 27,18 20,25
-0,5+0,1 8,23 14,75 13,33 15,27 8,71 13,48
-0,1+0,074 3,29 3,69 14,02 14,02 3,75 3,09
- 0,074 + 0,045 5,76 5,99 14,15 17,74 6,62 6,36
-0,045 39,51 36,87 14,02 19,13 44,32 42,21
Q. Nguyén khai 100,00 100,00 12,31 16,51 100,00 100,00
3.2. Anh hwéng clia cac thong s6 cong nghé 3.2.3. Anh hwéng cua pH méi trirong
3.2.1. Anh hwéng cda dé min nghién "
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D3 xac dinh dwoc dd min nghién t6i wu 1a
85-90% cép hat -0,074 mm.

3.2.2. Anh hwéng cta nébng dé bun
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Hinh 4. Anh hwéng ctia néng dé bun dén
két qua tuyén néi
Néng dé bun t6i wu 25% ran.

—8— Thu hoach M2 —#— Him lugng M2 —d— Thuc thu M2
Hinh 5. Anh hwéng ctia pH méi trwong
dén tuyén ndi apatit
Pa xac dinh dwoc pH tdi wu la 9,0.
3.2.4. Anh huéng cuaa chi phi thuéc tap hop
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Hinh 6. Anh hwéng cuaa chi phi MD/VH
dén tuyén néi apatit
Chi phi thubc tap hop téi wu la 500 g/t véi ty
Ié thuoc tap hop MD/VH =150/350 g/t.
3.2.5. Anh hwéng caa chi phi thuéc dé chim
Chi phi thubc dé chim thay tinh 16ng téi wu I
500 g/t

Thu hoach, ham hrgng va phén bo P:0s(%)
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~=M--Thu hogch M1 ==#=-him lugng M1 =-A==Thyc thu M1 Chi phi Thiy tinh long g/t
—4&— Thu hogch M2 —o— Ham legng M2 —#— Thuc thu M2

Hinh 7. Anh hwéng cua chi phi thay tinh
I6ng dén tuyén néi apatit

3.3. Thi nghiém so do6 tuyén

Can cl vao cac két qua nghién ctu diéu
kién tuyén néidé tai da tién thi nghiém 2 so dd
tuyén ndi vong kin cé sy quay vong clia cac san
phdm trung gian nham ting thwc thu tinh quang
apatit déng thdi mét Ian nira kiém tra lai cac
diéu kién va ché do tuyén quang apatit khai

trwdng 27, 28, 29 xa Bat Xat, tinh Lao Cai, ciing
nhw dé& khang dinh lai cac chi tiéu cong nghé
tuyén ndi co thé dat dwoc trong phong thi
nghiém dbi v&i mau quang nghién ciru.

So dd 1 dwa trén so d& mot sb nha may
tuyén quang apatit dang hoat dong bao goém: 1
tuyén ndi chinh, 1 tuyén vét va 2 tuyén tinh.

So db 2 da cai tién gébm: 1 tuyén ndi chinh, 1
tuyén vét va 3 tuyén tinh.

Két qua thi nghiém tuyén so d6 vong kin
dworc trinh bay trong Bang 3.

Dwa trén két qua thwc nghiém Bang 3, So
dé 2 da chirng minh dwoc hiéu qua vuwot troi
hon so v&i So dd 1 trong viéc tuyén ndi quang
apatit loai lll. So d6 2 dat dwoc thue thu 83,07%
(@61 voi mAu M1) va 85,09% (d6i véi mau M2),
cao hon rd rét so véi So d6 1 (81,76% va
82,87%).Tinh quang apatit tr So' d6 2 cd ham
lwong P20s cao hon (32,27% va 32,58%) so voi
So db 1 (30,36% va 30,29%). Lugng P2Os bi
mat di trong duéi thai ciia So' dd 2 (16,93% va
14,91%) thap hon so v&i So dd 1 (18,24% va
17,13%). So' dd 2 khéng chi téi wu hoa viéc thu
hdi khoang vat c6 gia tri ma con nang cao chat
lwong san pham, lam gidm lwong P.0s that
thoat. Do do6, day 1a so dd cong nghé duoc
khuyén nghi dé tuyén mau quang apatit xa Bat
Xat, tinh Lao Cai.

Bang 3. Két qua thi nghiém so dé vong kin

So dé San pham Thu hoach, % HéPTOI:c.:/;ng T|P15’0cs,t°2u

m1 M2 m1 m2 m1 M2

Tinh quang apatit | 33,15 | 45,17 | 30,36 | 30,29 | 81,76 82,87

So dd 1 DBubi thai 66,85 | 54,83 3,36 5,16 18,24 17,13
Quéng dau 100,00 | 100,00 | 12,31 | 16,51 | 100,00 | 100,00

Tinh quang apatit | 31,69 | 43,12 | 32,27 | 32,58 | 83,07 85,09

So d6 2 DBubi thai 68,31 | 56,88 3,05 4,33 16,93 14,91
Quéng dau 100,00 | 100,00 | 12,31 | 16,51 | 100,00 | 100,00

3.4. Thao luan kém. Ham lwong cao cla SiO, Fe>0Os3 va Al203

Két qua nghién ctru cho thdy quang apatit
loai Il tai xa Bat Xat, Lao Cai c6 kha nang lam
giau dang k& nhe tuyén ndi, song hiéu qua phu
thudc chat ché vao thanh phan khoang tap di

gay anh hudng bat loi dén hiéu suét tuyén ndi.
SiO; tdn tai chl yéu & dang thach anh min, dé
tréi theo bot, 1am gidm dd tinh khiét tinh quéng.
Fe O3 va AlOsz thwong cdng sinh dudi dang
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khoang oxit — hydroxyt, c6 bé mat hoat tinh cao,
dé hép phu thudc tap hop, dan dén hién twong
“thu héi gid” va lam gidm chon loc. Viéc luya
chon pH = 9,0-9,5 gilp han ché twong tac bat
loi nay, tang dd chon lgc bé& mat hat apatit so
v&i tap chét.

M6t diém manh cta nghién ciru 1a st dung
hé thuéc tuyén ndi dia. Diéu nay khac véi nhiéu
cong trinh quédc té vén sir dung céac hé thubc tap

hop — de chim phc tap, gia thanh cao [12-15].
Nh& dé, cong nghé coé tinh kha thi cao trong
diéu kién Viét Nam, noi cac nha may tuyén
quang hoat déng v&i quy mé vira va nhd, kho
tiép can hda chat nhap khiu dat tién. So sanh
véi cac cdng nghé quéc té (Trung Quéc, My,
Ma-réc), hiéu suét ctia nghién ctru nay chi thap
hon 2-3%, nhwng wu thé 16n 1a tinh phu hop va
kha nang trién khai nhanh.

Quang nguyén khai

Na-COs k?m(f{_\-‘ 3’
Na:Si0; khudy 3' i
Thude tdp hop MD/VH khucy 3!

N

Nehién 8§5-00% -74um

LRSI 2

Khuay tiép xtic

l

Ngan

Thuée tap hop
MD/VH 50g/t

Tuyén noi Apatit

Tuyén vét

Puéi thdi

. Tuyén tinh 1
Tuyén tinh 2

Tuyén tinh 3

fﬁ

Tinh quang apatit

Hinh 8. So’ dd cong nghé tuyén ndi quing apatit khai trwwéng 27, 28, 29 xa Bat Xat, tinh Lao

Cai
Bang 4. Trinh bay sw déi chiéu dinh lwong véi cac nghién ctru quéc té dién hinh.
£ . Hiéu suat
Nghién ctru Loai quing Quic;c Phwong phap tuyén néi PuzéOns t'?,?) thu hoi
_ 9 ’ quang (% P205 (%)
Mau M1 (pghlen Loa|‘III Viét Nam pH 5'9,0—’9,5, thyoc ‘tap ho’p 32.27 83,07
ctru nay) (nghéo) axit béo, thudc de chim
Mau M2 (pgh|en Loa|‘lll Viét Nam pH '9,0—’9,5, thyoc ‘tap hqp 3258 85,09
ctru nay) (nghéo) axit béo, thudc de chim
QUéng ~ 2 2. L X .
[12] nghéo My Tuyén ndi triee tiép, oleat 34,00 85-87
Quang trung | Trung Tuyén néi truc tiép, hé B
[13] binh Quéc thubc dc thu 33,50 82-84
[14] Q“a{)‘% :}”‘”9 My Tuy&n ndi truc tiép, oleat 32,00 82,0
[15] Quang giau | Jordan | Tuyén néi truc tiép, oleat 35,00 86,0
[18] Quang giau | 4o s | TUyen noi nguoc, he 31,50 81-83
cacbonat thuoc oleat — §|I|cat
[19] Quang trung My Tuyén noi tr'ufc tiép, oleat 32.80 84-86
binh — silicat
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Khong chi thé, két qua nghién ctru gép phan
giam ap lyc khai thac quang giau (loai | va II)
dang dan can kiét, déng thdi gidm phu thudc
vao nguén P20s nhap khau. Viéc tan thu quing
nghéo loai Il khéng chi giip da dang héa nguén
cung trong nwéc cho san xuat DAP va phan lan
nung chdy, ma con gép phan s dung tai
nguyén hiéu qua va bén virng.

Tuy nhién, nghién clru m&i dirng & quy mo
phong thi nghiém, chwa danh gia dwoc day du
cac yéu td van hanh lién tuc trong méi trwong
céng nghiép, nhw d& 6n dinh bot, &nh hwéng
thoi gian lwu bun hay chi phi van hanh dai han.
Do d6, hwéng nghién ciru tiép theo can trién
khai thtr nghiém & quy mé pilot, tién t&i ap dung
& quy md coéng nghiép. Diéu nay sé 1a buwdc
quan trong dé khang dinh tinh 6n dinh va hiéu
qua kinh té cla cong nghé. Pay 1a co s& khoa
hoc quan trong cho viéc xay dwng day chuyén
tuyén ndi cong nghiép, huéng téi khai thac bén
virng va hiéu qua ngudn tai nguyén phosphate
trong nuérce.

4. Két luan

Nghién cru da chirng minh kha nang tuyén
quang apatit loai Ill tai xa Bat Xat, tinh Lao Cai
tv ham lwong P.0s thdp (12-16%) Ién tinh
quang dat trén 32% v&i hiéu sudt thu hoi 83—
85% nho &p dung so d6 tuyén ndi téi wu. Két
qua nay khang dinh tinh kha thi vé khoa hoc va
thuc tién, gép phan tan thu nguén quéng nghéo,
gidm ap lwc khai thac quang giau va gidm phu
thudc nhap khau P20s cho san xuét phan bén
trong nwéc. Tuy nhién, cong nghé hién méi
dwoc ther nghiém & quy moé phong thi nghiém,
chwa phan anh day du cac yéu té van hanh lién
tuc va hiéu qua kinh té & quy mé cdng nghiép.
Do d6, can trién khai thtr nghiém trén day
chuyén san xuét thuc t&, dong thdi nghién cliru
bd sung cac loai thubc tuyén mai than thién moi
trwdng va danh gia tac dong dén quan ly chat
thai. Nhirng hwéng di nay sé tao co sé& cho viéc
tng dung réng rai céng nghé trong khai thac
bén virng ngudn tai nguyén apatit tai Viét Nam.

TAI LIEU THAM KHAO

1. W. A. Deer, R. A. Howie, and J. Zussman, An Introduction to the Rock-Forming Minerals, 3rd
ed. London: Mineralogical Society of Great Britain and Ireland, 2013.

2. Tran Van Tri, Dia chat khoéng sén Viét Nam, Ha Noi: NXB Khoa hoc va Ky thuat, 2006.

3. Hoang Van Quang and Nguyé&n Van Théng, “Nghién ciru dic diém khoang vat quang apatit
loai Ill Lao Cai,” Tap chi Khoa hoc Trai dat, vol. 34, no. 2, pp. 153—162, 2012.

4. Nguyén Thi Thu and D& Minh Hanh, “Tuyén ndi quang apatit loai lll bang thubc tap hop ndi
dia,” Tap chi Héa hoc va Cbéng nghiép, vol. 57, no. 4, pp. 24-30, 2015.

5. H. Sis and S. Chander, “Reagents used in the flotation of phosphate ores: A critical review,”
Minerals Engineering, vol. 16, no. 7, pp. 577-585, 2003.

6. A. Z. M. Abouzeid, “Physical and thermal treatment of phosphate ores — An overview,”
International Journal of Mineral Processing, vol. 85, no. 4, pp. 59-84, 2008.

7. Hoang Quéc Hung, Két qua nghién ciru tuyén quang apatit loai Il tai Tang Lodng, Bao céo

khoa hoc, Vién Khoa hoc Vat liéu, 1994.

8. Lé Van Binh and Nguyén Van Tung, “Thi nghiém tuyén ndi quang apatit loai Ill khu viec Cam
Buwdng,” Tap chi Khoa hoc va Céng nghé MG, vol. 5, pp. 21-27, 2001.

9. H. EI-Shall, P. Zhang, and N. A. Abdel-Khalek, “Beneficiation technology of phosphate ores,”
Phosphorus, Sulfur, and Silicon, vol. 179, no. 4, pp. 739-756, 2004.

10. TCVN 9418:2012, Quéng va tinh quing — Phuong phap ldy mau, Ha Noi: B6 Khoa hoc va

Cobng nghé, 2012.

11. TCVN 4296:2009, Quéng apatit — Yéu céu ky thuat, Ha Noi: Bd Khoa hoc va Céng nghé,

2009.

12. J. R. Oliveira, M. F. Lima, and P. R. da Silva, “Flotation of low-grade apatite ores: Challenges

and  perspectives,”  Minerals

Engineering, vol. 74, pp.

123-132, 2015.

https://doi.org/10.1016/j.mineng.2014.10.004

JOURNAL OF SCIENCE AND TECHNOLOGY QUI, VOL.03, Ne 03, 2025



TAP CHi KHOA HOC VA CONG NGHE QUI, TAP 03, SO 03, 2025 KHOA HOC TRAI PAT VA MO

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

Y. Zhang, X. Liu, and C. Xu, “Optimization of reagent schemes for phosphate flotation: A
review,” Powder Technology, vol. 339, pp. 354-366, 2018.
https://doi.org/10.1016/j.powtec.2018.07.045

S. EI-Shall, A. EI-Mofty, and H. Abdel-Khalek, “Selective flotation of phosphate minerals: New
developments and future challenges,” Separation and Purification Technology, vol. 250,
117228, 2020. https://doi.org/10.1016/j.seppur.2020.117228

A. Al-Thyabat and R. Al-Zoubi, “Recent advances in flotation of phosphate ores with
emphasis on the role of depressants,” Minerals, vol. 13, no. 2, p. 211, 2023.
https://doi.org/10.3390/min13020211

Vinachem, “Bao c4o nganh phan bén va nhu ciu apatit tai Viét Nam,” Ha Noi, 2021.

IFA (International Fertilizer Association), Phosphate Fertilizers Global Market Report 2022—
2023, Paris, 2023.

M. Abdelkhalek et al., “Reverse flotation of carbonate-rich phosphate ores in Morocco,”
Minerals Engineering, vol. 170, pp. 107-118, 2021.
https://doi.org/10.1016/j.mineng.2021.107118

H. EI-Shall et al., “Beneficiation of phosphate ores by flotation using oleate—silicate systems
in the United States,” International Journal of Mineral Processing, vol. 210, 105-116, 2022.
https://doi.org/10.1016/j.minpro.2022.105116

USGS, Mineral Commodity Summaries: Phosphate Rock, Reston, VA: U.S. Geological
Survey, 2023. https://doi.org/10.3133/mcs2023

. Y. Ruan, T. Zhang, J. Liu et al., “A review of flotation of phosphate ores,” Minerals, vol. 9, p.

253, 2019. https://doi.org/10.3390/min9050253

Z. Derhy, Y. Taha, R. Hakkou, M. Benzaazoua, “Review of the main factors affecting the
flotation of phosphate ores,” Minerals, vol. 12, p. 1498, 2022.
https://doi.org/10.3390/min12121498

Théng tin cua tac gia:

Ths. H6 Ngoc Hung

Vién Khoa hoc Vat liéu, Vién Han Iam Khoa hoc va Coéng nghé Viét Nam
bién thoai: +(84)917.116.659 - Email: hunghn@ims.vast.ac.vn

NCS.
Vién Khoa hoc Vat liéu, Vién Han Iam Khoa hoc va Céng nghé Viét Nam
Dbién thoai: +(84)977.037.215 - Email: thuthuygn88@gmail.com

NCS.
Vién Khoa hoc Vat liéu, Vién Han |[am Khoa hoc va Céng nghé Viét Nam
bién thoai: +(84)385.688.663 - Email: trongnv@ims.vast.ac.vn

Ths. Nguyén Thi Quynh Lién

Vién Khoa hoc Vat liéu, Vién Han Iam Khoa hoc va Coéng nghé Viét Nam
Dién thoai: +(84)392.642.809 - Email: lienntg@ims.vast.ac.vn

Ths. Nguyén Thi Minh Giang

Vién Khoa hoc Vat liéu, Vién Han |[am Khoa hoc va Céng nghé Viét Nam
Dién thoai: +(84)985.054.739 - Email: giangntm@ims.vast.ac.vn

Nguyén Thu Thay

Nguyén Vian Trong

STUDY ON FLOTATION TECHNOLOGY OF TYPE Ill APATITE ORE AT
MINING SITES 27, 28, AND 29 IN BAT XAT COMMUNE, LAO CAI PROVINCE

Information about authors:

Ho Ngoc Hung, M.S., Institute of Materials Science, Vietham Academy of Science and Technology,

email:

hunghn@ims.vast.ac.vn

JOURNAL OF SCIENCE AND TECHNOLOGY QUI, VOL.03, Ne 03, 2025




TAP CHi KHOA HOC VA CONG NGHE QUI, TAP 03, SO 03, 2025 KHOA HOC TRAI PAT VA MO

Nguyen Thu Thuy, PhD Candidate, Institute of Materials Science, Viethnam Academy of Science
and Technology

Nguyen Van Trong, PhD Candidate, Institute of Materials Science, Vietham Academy of Science
and Technology

Nguyen Thi Quynh Lien, M.S., Institute of Materials Science, Vietnam Academy of Science and
Technology

Nguyen Thi Minh Giang, M.S., Institute of Materials Science, Vietham Academy of Science and
Technology

ABSTRACT:

This study focuses on the flotation technology of Type lll apatite ores from mining sites 27,
28, and 29 in the Ban Vuoc — Ban Qua area, Bat Xat district, Lao Cai province, Vietnam. These
ores are characterized by low P,Os; contents (12-16%) and high proportions of silicate,
carbonate, and clay minerals, which pose challenges for beneficiation and limit industrial
applications. Two representative samples (M1 and M2) were analyzed using XRD, polarizing
microscopy, AAS, ICP-OES, and patrticle size distribution. Results indicated that most P,QO; is
concentrated in the fine fraction (<0.045 mm), highlighting the need for fine grinding to liberate
apatite minerals. Flotation tests were carried out to determine the optimal flowsheet and
processing parameters. The proposed scheme consists of one rougher flotation, three cleaners,
and one scavenger. Optimal conditions were: grinding fineness of 856—-90% <0.074 mm, pulp
density of 26% solids, pH = 9, fatty acid collector dosage of 500 g/t (MD/VH = 150/350 g/t), and
sodium silicate dosage of 500 g/t. Under these conditions, the concentrate achieved P,Os grades
of >32% with recoveries of 83-85%. Compared with previous studies in Cam Duong and Tang
Loong, where recoveries typically reached only 70-75%, these results represent a notable
improvement and are comparable to some international flotation technologies. A key advantage
is the reliance on locally available equipment and reagents, ensuring feasibility and reducing
dependence on imports. This research provides new scientific data on Type Il apatite ores from
a previously unreported area and demonstrates practical significance in improving low-grade ore
utilization, reducing pressure on high-grade deposits, and ensuring a stable domestic supply of
raw materials for fertilizer production.

Keywords: Type lll Apatite Ore, Flotation Technology, Flotation reagent, Lao Cai Mine,
Phosphate Recovery

REFERENCES

1. W. A. Deer, R. A. Howie, and J. Zussman, An Introduction to the Rock-Forming Minerals,
3rd ed. London: Mineralogical Society of Great Britain and Ireland, 2013.

2. V. T. Tran, Geology and Mineral Resources of Vietnam. Hanoi: Science and Technology
Publishing House, 2006.

3. V. Q. Hoang and V. T. Nguyen, “Study on mineralogical characteristics of type Il apatite ore
in Lao Cai,” Journal of Earth Sciences, vol. 34, no. 2, pp. 153-162, 2012.

4. T. T. Nguyen and M. H. Do, “Flotation of type lll apatite ore using domestic collectors,”
Journal of Chemistry and Industry, vol. 57, no. 4, pp. 24-30, 2015.

5. H. Sis and S. Chander, “Reagents used in the flotation of phosphate ores: A critical review,”
Minerals Engineering, vol. 16, no. 7, pp. 577-585, 2003.

m JOURNAL OF SCIENCE AND TECHNOLOGY QUI, VOL.03, Ne 03, 2025




TAP CHi KHOA HOC VA CONG NGHE QUI, TAP 03, SO 03, 2025 KHOA HOC TRAI PAT VA MO

6.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

A. Z. M. Abouzeid, “Physical and thermal treatment of phosphate ores — An overview,”
International Journal of Mineral Processing, vol. 85, no. 4, pp. 59-84, 2008.

Q. H. Hoang, Research results on flotation of type lll apatite ore at Tang Loong, Scientific
Report, Institute of Materials Science, 1994.

V. B. Le and V. T. Nguyen, “Flotation experiments on type lll apatite ore in Cam Duong
area,” Journal of Mining Science and Technology, vol. 5, pp. 21-27, 2001.

H. EI-Shall, P. Zhang, and N. A. Abdel-Khalek, “Beneficiation technology of phosphate ores,”
Phosphorus, Sulfur, and Silicon, vol. 179, no. 4, pp. 739756, 2004.

TCVN 9418:2012, Ores and concentrates — Sampling methods. Hanoi: Ministry of Science
and Technology, 2012.

TCVN 4296:2009, Apatite ores — Technical requirements. Hanoi: Ministry of Science and
Technology, 2009.

J. R. Oliveira, M. F. Lima, and P. R. da Silva, “Flotation of low-grade apatite ores:
Challenges and perspectives,” Minerals Engineering, vol. 74, pp. 123-132, 2015.
https://doi.org/10.1016/j.mineng.2014.10.004

Y. Zhang, X. Liu, and C. Xu, “Optimization of reagent schemes for phosphate flotation: A
review,” Powder Technology, vol. 339, pp. 354-366, 2018.
https://doi.org/10.1016/j.powtec.2018.07.045

S. El-Shall, A. EI-Mofty, and H. Abdel-Khalek, “Selective flotation of phosphate minerals:
New developments and future challenges,” Separation and Purification Technology, vol.
250, p. 117228, 2020. https://doi.org/10.1016/j.seppur.2020.117228

A. Al-Thyabat and R. Al-Zoubi, “Recent advances in flotation of phosphate ores with
emphasis on the role of depressants,” Minerals, vol. 13, no. 2, p. 211, 2023.
https://doi.org/10.3390/min13020211

Vinachem, Fertilizer Industry Report and Apatite Demand in Vietnam. Hanoi, 2021.

IFA (International Fertilizer Association), Phosphate Fertilizers Global Market Report 2022—
2023. Paris, 2023.

M. Abdelkhalek et al., “Reverse flotation of carbonate-rich phosphate ores in Morocco,”
Minerals Engineering, vol. 170, pp. 107-118, 2021.
https://doi.org/10.1016/j.mineng.2021.107118

H. EI-Shall et al., “Beneficiation of phosphate ores by flotation using oleate—silicate systems
in the United States,” International Journal of Mineral Processing, vol. 210, pp. 105-116,
2022. https://doi.org/10.1016/j.minpro.2022.105116

USGS, Mineral Commodity Summaries: Phosphate Rock. Reston, VA: U.S. Geological
Survey, 2023. https://doi.org/10.3133/mcs2023

. Y. Ruan, T. Zhang, J. Liu et al., “A review of flotation of phosphate ores,” Minerals, vol. 9, p.

253, 2019. https://doi.org/10.3390/min9050253

Z. Derhy, Y. Taha, R. Hakkou, and M. Benzaazoua, “Review of the main factors affecting the
flotation of phosphate ores,” Minerals, vol. 12, p. 1498, 2022.
https://doi.org/10.3390/min12121498

Ngay nhan bai: 24/08/2025;
Ngay nhan bai stra: 19/09 /2025;
Ngay chap nhan ding: 26/09/2025.

JOURNAL OF SCIENCE AND TECHNOLOGY QUI, VOL.03, Ne 03, 2025 n



