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Run-of-mine ore quality homogenization: Application for
mining conditions of block 24-122, Tan Rai bauxite mine,
Tay Nguyen
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ABSTRACT

An important task to improve the operational efficiency of bauxite mining enterprises in the
Central Highlands is to ensure homogeneity of ore composition right from the mining faces and
during the formation of run-of-mine (ROM) stockpiles. The key components to be controlled
include Al, 03, Si0,, Fe; 03, TiO, Msi, and LOI (loss on ignition). In practice, many ROM stockpiles
fail to meet the required mineralogical module specifications, creating difficulties for
beneficiation and downstream processing. The homogenization and blending of ore quality
within one or several ROM stockpiles to form secondary stockpiles is therefore considered
essential to secure a stable feed supply for the alumina refinery. The integration of quality
homaogenization directly at the mining faces with optimization of feed preparation in storage
yards (including both ROM and secondary stockpiles) enhances flexibility and proactivity in
raw material supply, ensuring continuous operation of the alumina plant and optimization of
process parameters. Under constrained land clearance conditions that complicate mining
operations and ore quality control at bauxite deposits in the Central Highlands, this paper
proposes the application of a two-stage stockpiling scheme to replace the currently used one-
stage scheme. The solution and its practical calculation conditions are demonstrated for Block
24-122, Tan Rai bauxite mine, Lam Dong Province.

Keywords:
Open-pit mining; Bauxte mine; Quality Control; Stockpile Management, Tay Nguyen.
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Trung hoa chat lwong quing nguyén khai: Ap dung diéu kién
khai thac khoi 24-122, mo Tay Tan Rai, Tay Nguyén
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TOM TAT

Mot nhiém vu quan trong nham ndng cao hiéu qua hoat dong cua cdc doanh nghiép
khai thdc bauxite & Tay Nguyén la dam bdo sw dong nhdt vé thanh phan khodng ctua dong
qudng ngay tir khai trrong va trong qud trinh hinh thanh déng nguyén khai. Cac thanh phan
chinh can kiém sodt gém Al,03, SiO;, Fe, 05, TiO,, Msi va MKN. Thuc té cho thdy nhiéu dong
nguyén khai khéng dap tng yéu cau vé cac modun khodng co ban, gay kho khan cho cong doan
tuyén khodng va ché bién sau. Giai phdp trung hoa va dong nhdt chat lwong qudng trong mot
hodc nhiéu dong nguyén khai dé hinh thanh cdc déng thir cap dwoc coi la can thiét, gitip dam
bdo nguon cdp liéu on dinh cho nha may alumin. Sw két hop gitra trung hoa ngay tai guong
khai thdc voi téi wu héa céng tdc phoi liéu trong kho chiva (bao gom ca déng nguyén khai va
thi cdp) mang lai tinh linh hoat, chu dong trong cung cdp nguyén liéu, gép phan duy tri sdn
xudt lién tuc va toi wu cdc thong sé cong nghé. Trong diéu kién gidai phdng mat bang con han
ché gay kho khan trong cong tdc khai thdac va kiém sodt chat lwong quang nguyén khai tai cdc
ma bauxite Tdy Nguyén. Bai bdo dé xudt dp dung so do chdt dong hai giai doan thay thé so do
mot giai doan hién nay. Gidi phap, diéu kién tinh todn thuc té dwoc ap dung cho khu vuwe khai
khai thdc khoi 24-122, mé bauxite Tay Tan Rai, Lam Dong.

Tir khéa: Khai thac 16 thién; Mo Bauxite, Kiém soat chat lwgng; Trung hoa chat lwong; Dong
trir, Tay Nguyén.

1. Mo dau

Mgt trong nhimg nhiém vu quan trong nham nang cao hiéu qua hoat dong cua cic doanh
nghiép khai khoang bauxite o khu vue Tay Nguyén noi chung la dam bao murc d dong nhit cao
vé ham luong cac thanh phan khodng nhu A1:03, SiO2, Fe:0s, TiO2, Msi, MKN cua dong quang
khi khai thac tai cac khai truong (cac ving, khu vuc, bock, cde guong khai thac cu thé) trong qua
trinh hinh thanh cac dong quang nguyén khai [1]. Trong nhiéu truomg hop chat lugng cac modun
(ALOs. SiOs, Fe:0s, modun ALO+/Si0:) trong dong quang nguyén khai khong dam bao chat luong
trude khi dua vao tuyén khoang. Do do, céc ky su khai thac va tuyén khoang can tién hanh trung
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hoa va dong nhét trong 1 hodc nhiéu déng quing nguyén khai dé hinh thanh dong quang thu cap
nhiam dam bao cac médun co ban trong quing bauxite nguyén khai c6 thé dua vao khau tuyen va
ché blen sdu hiéu qua. Ty 1¢ vakhéi luong cac dong thir cap can dugce trung hoa va dong nhat mot
cach on dinh [2].

Giai phap két hop gitra trung hoa chét luong quing tai cic guong khai thac va tdi wu hoa
qua trinh chuan bi phdi liéu tai cac déng trong kho trir quiing nguyén khai va cac dong quing
nguyén khai thir cap dam bao tinh linh hoat va chu dong trong cung cap nguyén li¢u cho nha may
alumin hoat dong lién tuc va toi wru hoa céc thong sb cong ngh¢ [3, 4, 5]. Trong diéu kién giai
phong mat bang khé khan nhu & cac mo bauxite khu vue Pac Nong va Lam Pong thi giai phap toi
wu dugce dé xuit 1a ap dung so d6 chét dong 2 giai doan thay thé cho so d6 1 giai doan hién dang
su dung cho mo [1].

2. Phwong phap

Trudce khi xut ‘quang toi nha may alumin, quang bauxite nguyén khai dugc tap két va tam
thoi Iwru trit tai kho phdi liéu. Quang tir timg khu vyc khai thac riéng I¢ (cac block khai thac khac
nhau, cdc guong & vi tri ¢6 chét lugng quang chénh léch 16n) duoc véan chuyén bing 6t6 vé kho
quang trung tam. Tai day, dong bauxite tir nhiéu block va cac cac guong khai thac mo khac nhau
dugc gom lai, tao thanh cac ddng quing bauxite nguyén khai nhi¢u tang. Sau khoang 3-4 ngay,
mét déng quang nguyén khai dugc hinh thanh hoan chinh; trong qua trinh do, quing tir cac block
khdc nhau, hay guong tai cac khu vure khai thac mo khac nhau duge tron Ian, hinh thanh déng
quang nguyén khai dam bao chét luong va khbi lugng (yéu cau). Mdi déng quing bauxite nguyén
khai sau d6 dugc bdc d theo ké hoach va van chuyén t&i nha may alumin dé cung cip cho cac
khau tuyén, luyén khac nhau [6,7].

Thong thuong, qua trinh xuat quing kéo dai trong 2-3 ngay, tirc 1a trong khoang thoi gian
nay, chat lugng quéng nguyen khai (nguyén li¢u tho) can duoc duy tri 6n dinh. Khoang thai gian
nay goi la chu ky 6n dinh chét luong quang bauxite nguyén khai.

Céc nghién ctu va khao sat cu thé tai nha may Cong ty Nhom Pik Nong - TKV va Cong
ty TNHH MTV Nhom Lam Pon g-TKV (LDA) hoﬁc mét s6 nha may alumin trén thé gidi 2] cho
thay dé qua trinh san xuat alumin dat hiéu qua cao, can duy tri thanh phén chat lugng 6n dinh cua
déng quang nguyén khai trong khoang thoi gian dai hon, t6i wu la tir 5-6 ngay.

Dé hinh thanh dong quang 6n dinh va ning cao d¢ chinh xac trong dy bao chat lugng
bauxite dua vao ché bién, dé xuat cong nghé xur ly so bg tai kho phi lidu. Theo do, bﬁng cach sur
dung cac nhom 6t6 chuyén dung, hinh thanh céc dong quing bauxite nguyén khai don (d6ng quiing
nguyén khai so bd) tir d6 hinh thanh cic déng quing nguyén khai thir cap tir timg block va guong
khai thac riéng biét. Sau khi cac dong quéng nguyén khai so b dugc hinh thanh, cic budc tiep
theo 1 ding may xtc, may boc gatva chat Ién bdi chira quang nguyén khai maéi va o day ta goi la
dong, quang nguyén khai thi cap. Cac déng 16n duoc tao ra tur qua trinh nay dugc goi chung la
déng thir cap. Tir cac déng nguyén khai 50 b, bing cach phéi hop chon trung hoa hop 1y, s hinh
thanh cic dong quing nguyén khai thir cap ¢6 chu ky on dinh kéo dai khoang 4-5 ngay [8.,9].

Ncu chat lugng ph01 li¢u, dugc tao ra tir qué trinh phéi tron cac ddng thir cap, khong dap
ng yéu cdu vé thanh phan hoa hoc (ALOs, Fe20s, Si02), thi c6 thé diéu chinh bang cach tai phan
phm Tirc 1, mot phan quang tir moi dong thir cap s€ duge dua vao phdi liéu mai theo ty 1€ qi : g2

: Qu, trong d6 q; la khéi lugng quing trong ddng thir cap thir i, van la sé dong thir cap duoc sir
dung

Néu ham lugng cua mot thanh phan nao d6 trong quang xuét ra vuot qua gigi han cho phép,
thi ty 1¢ phan phéi cin dugce diéu chinh. Trong truomg hop ndy, viée cap bauxite tir cic ddng thir
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cip ¢6 thé duge hoan tra mot phan dé tai phdi tron, dam bao thanh phin hoa hoc phi hop véi yéu
cau cong nghé.

Vi ky hidu: x; 1a khdi lugng quiang ldy tir dong thir cap thir i dé phoi liéu trung hoa hinh
thanh dong quang nguyén khai dat tiéu chuan ham luong; qi la kh01 luong ban dau cua dong thir
cap thir i; o;; 1a ham Iuorn;__ thanh phén j trong quing cua dunu thir cap i; @; la gioi han ham lugng
cho phép ctia thanh phan j trong quing nguyén khai thir cap; i=1,2,3 (AIan Fe:0s, Si0z).

Cac diéu kién rang bugce duge hinh thanh cu thé khi tién hanh trung hoa chat lugng quing
nguyén khai nhu sau [6, 8, 9, 10]:

1. Ham lugng Al:Os khong duoc thap hon gid tri cho trude aq203:

Tiiq a:AIzm(Q- —Xi)

=1(qi—x)
Ham lugng cac thanh phin SiOs, Fe:0s trong quing nguyén khai dam bao chat luong
khong duqn. vuot qua gioi han a;:

—ZE“[;" 2 < @ j=2,3 (Si02, Fex0) | )

3. Modun silic (ty 1é Msi = ALO4/S10:) phai nam trong gidi han cho phép, @gio; la gioi
han trén va as;op gio1 han dudi:

2 @41203 (1)

st @ o3 (g — xi) —
Agipp < ==—2= < @0 3
S|02 Er 1“| si02(qi — x) 5102 ( )

Ngoai ra, dicu kién tu nhién: khoi lvong quang lay tr méi dong thir cap khong thé vurot

qua tong khoi lugng ban dau cua dong do:
0<x=q, i=1,2,. (4)

Khoi lugng quang lay tLr cac dong thir cap co thé thay doi lién tuc hodc roi rac (theo tung
16 quang khai thac dugc ¢ cac guong khac nhau). Phuong an lién tuc thuong phirc tap hon vé mat
cong ngh¢, do phai tién hanh lay quang voi kho; lrgng nho le; trong khi phuong an ron rac thuong
gan lién voi kha nang lam viée 101 da nang suat cua cac thiét bi khai.

Muc tiéu cta bai toan tdi wu khi do 1a cuc tiéu hoa tiéu chuén khi tong khbi lugmg duoc
xtic tir cac doéng quang nguyén khi dé trung hoa hinh thanh dong quang nguyén khai thir cap:

Y Xi — min (3)

Ham t6i uu hoa duoc lhuet lap o day la mét bai toan quy hoach tuyén tinh.
Trong truong hop ri rac, nghiém gan ding ¢6 thé dugc tim ra bang cach so sanh cac phuong an
khac nhau trong qua trinh giai gan dung cta bai toan lién tuc.

3. 'ng dung trung hoa chit lwong quang nguyén khai cho mé Tay Tan Rai (LDA)

3.1. Hi¢n trang khai thic, ché bién mo Tay Tan Rai

Ngay tir dau nam, diéu kién thoi tiét mua nhiéu kéo dai lién tuc nlneu thang gay kho khan
lo6n cho cong tac van chuyén; cong tac giai phong mat bang (GPMB) giap rat nhiéu kho khan, dién
GPMB nam rai réac, nho le, khong tap trung, chia thanh nhiéu dot ban giao, mét so dién giap khu
vuc dan cu sinh song, vira trién khai thi cong, vira GPMB trén cting mot khu vuc, thoi gian GPMB
gap nén trong qua trinh thi cong gap nhi¢u can tro tir cac ho dan dang sinh song, canh tac trong
khu vure khai thac; ngoai ra chiéu day phi mét s6 khu vire tang dot bién trén 3,0m phu, chat lugng
quang bién dong nhicu theo chiéu hudng giam so vai tai liu dia chat,... tir d6 gdy anh hudng rat
I6n dén boc phu, khai thac trung hoa quang cling nhu quang du phong dlt,n cho mua mua.

Cong tac khai thac con nhiéu khé khan va vucmg mac vé mat GPMB do d6 anh huong lo'n
toi san luong va chat lugng quang nguyén khai cung cap cho cong tac myen quang va san xuat
Alumin. Bén canh d6. dicu kién thoi tiét mua som, dién da boc phu chuan bi dién cho khai théac
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khong dung véi ké hoach nén gay kho khan cho cong tac khai thac cac thang cudi nam. Chét lwong
cu thé ham lugng ALOs trong quang nguyén khai sai khac voi ké hoach do dic thu cac khu vuc
khai thac, cic guong khai thac o vi tri chan doi, suon doi va dinh doi ¢6 su bién dong.

Cong tac tuyén khoang duge thé hién bang khoi rong quang n guyén khai vao tuyén, ham
lugng AL20O3, Si02, Fe:03, MKN va Modun silic (Msi=ALO3/Si0:). Khéi lugng quing nguyén
khai cap vao tuyén dap tung du nhu cau tuyén quang tinh vai san lugng alumin quy doi dat >
750.000 tan. Cac thong s6 chét luong, san lugng quang nguyén khai khai thac, khi hrong quang
tinh, cac chi tiéu kinh té k¥ thuat co ban trong cic nam gan day gioi thigu trong bang 1 [2,3.4].

Bang 1. Téng hop cdc chi tiéu kinh té ky thudt chu yéu cia Céng ty TNHH MTV Nhém Lam
Dong - TKV tir thuc té nam 2022 dén ké hoach 2025.

STT Chi tiéu bon vi Nam Nam 2023 | Nam 2024 Ké hoach
2022 2025
1 bat boc m? 917375 983.823 587.066 918.843
Thé trong dat phu tan/m3 1,34 1,34 1,34 1,34
Quang nguyén khai tan 3.873.607 | 4.198.767 | 4.207.947 | 4.300.000
Ham luong quang nguyén khai
Ham luong Al20; % 38,74 38,39 38,31 38,54
Ham luong Si0: % 4,47 491 5,82 8,49
4 Hé s6 boc m? /tan 0,237 0,234 0,14 0,214
5 Hé s6 ton that khai thac % 6,19 6,17 6,47 7,08
6 Hé s6 lam nghéo % 4,17 4,17 417 4,24
7 | Thuc thu cong doan tuyén % 69,03 69,54 64,04 65,01
8 Khoi lwong quang tinh tin 1.919.579 | 2.051414 | 1.887.381 1.781.000
9 | Tiéu hao quang nguyén khai tan/TQT 2,027 2,0 2,19 2,136
trén 1 tdn quang tinh.
10 | Tiéu hao nuéce cho san xudt m3/TQT 2,89 2,82 4,53 4,68
quang tinh.
11 | Ham luong quang tinh
Ham lugng Al203 % 47,56 46,95 46,99 46,9
Ham lwong Si0; % 1,66 2,06 2,29 292
12 | Thuc thu san xuat alumin % 87,12 87,20 86,87 85,33
13 | Tiéu hao quang tinh tan/TSP 2,64 2,69 2,68 2,74
14 | Tiéu hao voi sdng CaOf kg/TSP 28,25 29,88 26,31 30,19
15 | Tiéu hao xat (NaOH) cho san kg/TSP 40,86 47,77 50,75 62,97
xudtalumin
16 | Thé trong quing trung binh tin/m? 1,71 1,71 1,71 1,71

3.1. Trung hoa chat lwgng quang nguyén khai cho khéi 24-122, mo Tay Tan Rai (LDA)

Khu vye khéi 24-122 dugc gidi thiéu va tinh toan trung hoa chat luong véi thong sb co co

ban, diéu kién trung hoa chal lwong quing nguyeén khai tir cac guong khai thac khac nhau.

Thong s6 coban vé khéi 24-122 vaéi dién tich 340,14 nghin m* trir lrgng quéng nguyén khai

1.744,92 nghin tan; quang tinh: 625 nghin tin; ALOx 50,0%, SiO:: 2,65%, Fe:0s: 17%; MKN

(mat khi nung): 26,69%: modun silic (Msi =
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ALO/Si0:): = 18,87, gidi thiéu cu thé trén hinh 1.
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Hinh 1. Ban do dia hinh, thong 50 cac 16 khoan tham do khu viee Block 24-122 mo Tay Tan Rai
(a); phan bo va teong quan giira ham lwong A1203 véi cdc thanh phcm khoang trong quang
bauxite: ham heong SiO> (b), ham liwong Fe:O; (¢) va hé so Msi (d).

Ké hoach khai thac tir khéi 24-122 dwoc tién hanh boc phu, khai thac theo trinh ty o
cac khu vure khac nhau: Chan doi - Swon doi - Pinh doi. Do chat lwong quang & cac khu vire
khai thac nay co chiéu day, dd doc dia hinh, l6p phiva ham lwong quang bauxite va cac thanh
phin khoang khic nhau nén quang nguyén khai sé dwoc chat thanh cac déng quang nguyén
khai. Budrc tiép theo sé tién hanh phai liéu, trung hoa chat lvong tao dong quang nguyén khai
thir cdp dam bao chat lwong theo cac rang budc gia tri ham lwong Al:Os, SiO2. Fe20s, MKN,
Msi.

M0 hinh diéu hanh khai thac va phOI liéu trung hoa chat lugng thanh 2 dong quang nguyén
khai vi lel lugng A (xdu) va B (tdt), tiép theo trung hoa hinh thanh tao 1 dong quang nguyén
khai thir ¢ip duy nhat. Phuong an tinh toan cy thé:
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e A (xdu): ALO: = 40.0%, SiO: ~ 4.5%, Fe20s = 22.5% (Al; 03 thap, SiO, cao)
« B (tbt): ALO: = 45.0%, SiO: = 2.5%, Fe:0s = 19.5% (Al,05 cao, Si0, thip)
« Toéngkhoi lwgng tao déng thir cap: 5.000t.

Bdng 2. Ddu vao 2 déng nguyén khai dwoc téng hop tir 3 vi tri khai thdc

béng Ngudn khai thac | Khéi lwong (t) | A1203 % | Si02 % | Fe203 %
bong nguyén khai | Chan/Sudn/Pinh | 3000 40.0 4.5 225
A (x4au) (tong hop)
Pdng nguyén khai | Chan/Swon/Pinh | 3500 45.0 2.5 19.5
B (t6t) (tong hop)

PHUONG AN 1 (PA1) véi diu kién muc tiéu (Al,05 = 43%; Si0, < 2.80%). St dung
trong so ty 1é phdi tron trung hoa Wa = 0.15; Ws = 0.85 (dung t6i da khéi lwong déng A).

Bdng 3. Khéi lwong phdi tron trung hoa chdt lwong PA1

bong Khoi Al203% | Si02% | Fe203% | Ty lé phoi Khoi lwong
lwong (t) (%) dwa vao (t)
A (xau) 3000 40.0 4.5 22.5 15.0 750.0
B (t6t) 3500 45.0 25 19.5 85.0 4250.0
Bdng 4. Chat lwong déng quang nguyén khai thir cdp sau trung hoa - PA1
A1203 % (243) | Si02 % (<2.80) Fe203 % M6dun Msi Tong khai
(Al203/Si02) lwong (t)
44.25 2.8 19.95 15.8 5000

PHUONG AN 2 (PA2) véi diéu kién muc tiéu (Al,05 = 38%; Si0, = 4.0%). St dung
trong s6 ty 1¢ phoi tron trung hoa Wa = 0.75; Wg = 0.25 (dung t6i thiéu khéi lwong trung hoa
tir dong A nhat dé dat Si0, = 4% va dam bao Al, 05 = 38%).

Bang 5. Khéi lwong phdi tron trung hoa chdt lwong PA2

Péng Khoi | Al203% | Si02% | Fe203% | Tyléphéi | Khéilwong
lwong (t) (%) dwa vao (t)
A (xau) 3000 40.0 4.5 22.5 75.0 3750.0
B (t6t) 3500 45.0 2.5 19.5 25.0 1250.0
Bdng 6. Chdt lwong dong quang nguyén khai thir cdp sau trung hoa - PA2
Al203 % Si02 % Fe203 % Modun Tong
(238) (24.0) (AI203/Si02) |  khéi lwong ()
41.25 4.0 21.75 10.31 5000
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Hinh 2. Biéu do so sanh cdc chi tiéu chinh gitra hai phwong dan phéi trén

Al:Os (%) Si0: (%) Fe:04 (%)
AT B 4 1l 20+
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Hinh 3. Biéu dé so sanh thanh phdn héa hoc 2 dong nguyén khai Ava B

5. Két luan

Tl phwong phéap va thudt toan trén cho thay dé hinh thanh dong quang nguyén khai
on dinh veé chdt lwgng va san lwong tir cac khu vue khai thac can tién hanh phén tich va xay
dung ké hoach khai thac tir dai han dén ngan han dam bao theo ké hoach khai thac trong
nam. Trung hoa chat lwgng quang bauxite nguyén khai can tinh dén cac thong so6 khai thac
chon lgc (ton that, lam ngheo), sw bién dong chat lwong quang bauxite ¢ cac vi tri gwong khai
thac khac nhau nhw chan doi, swon doi va dinh doi cia cac khu viee. Phwrong én trung hoa qua
diéu ti€t nang suat ctia may xuc tai grong xuc va o to tai tram dap tiép nhan sé lam giam nang
suat cia dong bo va chwa phu hop véi muc tiéu téi wu hoa qua trinh san xudt trén mo. Do do,
hinh thanh cac déng quang nguyén khai so b tir d6 phai tron trung hoa chat lwong quing
bauxite hinh thanh déng quang nguyén khai thi cap dap (rng yéu cau tuyén va ché bién sau
cua nha lay alumin la hoan toan phu hop véi thue té va diéu kién phan bo khoang sang
bauxite ctia khu vuc block 24-122, mé Tay Tan Rai, Cong ty TNHH MTV Nhom Lam Dong -
TKV (LDA).

Ké qua phan tich va tinh cho block 24-122 gép phan quan trong nham nang cao hiéu
qua hoat dong cua cac doanh nghiép do tuy tri dam bao sw dong nhat vé thanh phan khoang
cua dong quang ngay tir khai triwrong va trong qua trinh hinh thanh déng nguyén khai. Cac
thanh phan chinh da duwoc kiém soat ham lwong gom Al,04, Si0,, Fe,05 va Msi. Giai phap
trung hoa va dong nhat chat lwong quang trong mot hoac nhiéu dong nguyén khai dé hinh
thanh cac dong thir cip dwoc coi la can thiét, giip dam bao nguén cap liéu 6n dinh cho nha
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may alumin. Gidi phap dé xut ap dung so do chat dong hai giai doan thay thé so d6 mot giai
doan hién nay ma mo dang st dung.
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Tap thé tac gia xin tran trong cdm on Cong ty TNHH Nhom Lam Dong - TKV (LDA) (cac Ky
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