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Trong khai thac va ché bién khoang sén, chét luong qudng khéng déng déu |a mét van dé lon
anh hudng dén hiéu suét san xuét va hiéu qua kinh té. Mot trong nhitng phuong phép hiéu qud dé
kiém soat chat luong khoang sén la phuong phédp trung hoa, gilp diéu chinh va can bang thanh
phdn khoang vét truéc khi dwa vao qué trinh tuyén khoang. Bai béo nay tdp trung nghién ciu
phuong phép trung hoa nhdm nang cao chét luong khoang sén, gidm bién déng va téi wu héa hiéu
qué khai thac théng qua cac mé hinh toan hoc, cdng nghé giam sat va gidi phap diéu chinh thuc té.

Tir kh6a: Ché bién khoang san; chét lurong quéng; trung hda quéng; phuong phép trung hoa.

1. KHAI NIEM VE TRUNG HOA CHAT LUONG
KHOANG SAN

Trung hoa chat lwong khoang san la mot
khau quan trong trong day chuyén san xuét trén
ma 16 thién, nham muc dich dam bao do sai léch
cla chi tiéu chat lwong khoang san khoéng vuot
qua gia tri cho phép, quy dinh béi diéu kién kj
thuat cu thé ctia khau ché bién [1].

(e —a) < Aoy (1)
Trong do:

ac - Chi tiéu chéat lwogng khoang san (ham
lwong thanh phén c6 ich hoac cé hai, thanh
phan khoang vat, ¢& hat...) dwoc Iy lam chi
tiéu k& hoach trong mét giai doan san xuét nao
dé.

ai - Chi tiéu chat lwong thuc té sau khi trung
hoa clia mot loai khoang san nao dé dé dwa vao
ché bién.

A.0; - DO léch cho phép cua chi tiéu chat
lwong khoang san quy dinh trén co s& diéu kién
kinh t& va ky thuat ctia khau khai thac va ché
bién khoang san.

Trung hoa khoang san la tbng hop cac thao
tac cong nghé va bién phap t6 chirc nham tao
nén sy déng nhat vé thanh phan hoa hoc hoac
thanh phan vat chét, c& hat, cu tao,... cho khéi
lwong khoang san nguyén khai trwéc khi dwa
vao ché bién. Trung hoa khoang san bao gbm

hai thao tac chinh 1a phdi liéu va tron. Phéi liéu
la xép néi tiép cac I16p khoang san khac loai chat
lwong theo mot ty 1é nhat dinh, con tron 1a phan
phdi lai ching trong khéng gian.

Tiéu chuén danh gia mirc d6 ddng nhéat cla
nguyén liéu la dé léch trung phwong gilra cac
l&n do kiém tra chi tiéu chat lwong khoang san
trwdc va sau khi trung hoa, thong qua chi tiéu
murc do trung hoa.

K, =( —G—ZJ.1OO%; @)
SF
Trong dé: o1, o2 - d6 léch trung phwong cla
ham lwong kim loai hay mét chi tiéu chéat lwong
nao do sau khi trung hoa va trwéc khi trung
hoa, %.

(3)

Trong do: i - gia tri sai léch cta lan do th i;
m - s 1an do.
2. CAC HUONG TRUNG HOA CHAT LUONG
KHOANG SAN

2.1. Trung hoa khoang san trong mé

Trung hoa trong mé nham so bd tao nén s
ddéng nhat chat lwong cho khoang san nguyén
khai. Khi trong mét gwong cé chva nhiéu loai
khoang sdn cé chét lwong khac nhau thi tién
hanh trung hoa ngay trong gwong dé bang cach:
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Diéu chinh chiéu day va chiéu day I&p bdc
clla gau xuc qua cac loai khoang san.

Diéu chinh ty 1& cac loai khoang san khi xtc va
chét khoang san vao phuong tién van tai.

Dé&p ddng khoang san canh guong xuc (theo
hinh nén hodc d&p xen k&, (hinh 1-1) theo ty 1&
tirng loai khoang san trwdc khi xic dé vao
phuwong tién van tai [5].

Khi chét lwong khoang san & méi guwong la
ddng nhat nhung gitra cac gwong la khac nhau thi
tién hanh trung hoa gitra cac guwong. Khi khai thac
cac gwong phure tap thi dong thdi trung hoa trong
guong va trung hoa gilra cac gwong. Viéc trung
hoa gitra cac gwong dwoc tién hanh bang cach
danh déng trén bai chira tam thoi trong mé, sau
dé xtc chuyén 1&én phwong tién van tai dé dua vé
kho chra hodc diéu phdi khoang sdn tr cac
guong vé kho chira theo ty & cac phwong tién
van tai vao nhan hang & cac guong.

Trung hoa & trong mé dwgc phan biét thanh:
Trung hoa téng thé, trung hoa dai han, trung hoa
thwdng xuyén va trung hoa diéu phbi.

Trung hoa téng thé dwoc tién hanh trong
qua trinh thiét ké va 1ap ké hoach téng thé khai
thac khoang sang. O giai doan nay cac giai
phap cong nghé va ky thuat co ban cling nhw
cac thong sb lam viéc ctia mé dwa ra déu nhdm
muc dich dam bado sb lwong va chét lvong cac
loai khoang san theo yéu ciu cb dinh trong mot
nam, mot giai doan khai thac hay mot thoi ky tén
tai ctia mo.

L &

JIN

Hinh 1-1. Trung hoa khoang san bang cach
dap déng theo: hinh nén (a); dap xen ké (b)

Trung hoa dai han dwoc tién hanh khi da
théng qua ké& hoach téng thé trén co s& cac tai
liu tham do chi tiét va khai thac. K& hoach khai
thac cac loai khoang san véi chat lwong xac

dinh dwoc lap trong tirng ndm hodc trong ké
hoach 5 nam.

Trung hoa thwdng xuyén duwoc tién hanh
trong ttrng nam, quy, thang trén co s& tai liéu
thdm do khai thac, bang cach dich chuyén
guong xuc theo cac hwéng cé chat lwong khac
nhau hodc thay dbi trat ty khai thac cac tang
khoang san c6 chét lwgng khac nhau.

Trung hoa diéu phdi la tién hanh diéu chinh
xuc béc trén cac gwong khai thac sao cho san
lwong ca hay ngay dém cua khoang san khai
thac trong toan md phai dam bao chi tiéu chat
lwong khoang san theo ké& hoach. Chi tiéu chét
lvgng khoang san trung binh ctia méd trong ngay
dém duwoc tinh [3].

(th — Zqi'ai : (4)

2.q

Trong d6: ai - Chi tiéu chét lwgng trung binh
cla khoang san trong cac gwong khai thac co
khéi lwgng twong rng gi.

Viéc diéu khién coéng tdc mé theo ché do
khai thac chon lgc va trung hoa khoang san tryc
tiép trong md co thé tién hanh theo hai cach:

Cach th nhét: Viéc trung hoa khoang san
dwoc tién hanh theo bang phuong phap diéu
tiét n&ng xuat cac may xuc, mudn thé thi can
phai tao nén mot dw trir khoang san can thiét &
cac gwong dé sdn sang dap ng nhu ciu cla
nha may tuyén, tlrc l1a phai cé mét dw trir ndng
suat clia cac may xdc khai thac. S6 may xuc
tang thém duwgc xac dinh theo diéu kién ky thuat
cu thé ctia mé.

Cach the hai: Trung hoa khoang san trong
mo bang cach diéu phdi theo khéi lwgng va chét
lwong khoang san tlr cac guwong khai thac va tow
kho chwra véi ty 1é nhat dinh, phu hop véi san
lwong ctia nha may tuyén. Khi d6 kho déng vai
tro nhw mét guwong phu va goi la kho trung hoa.
Kho trung hoa chira ca khoang san giau lan
khoang san nghéo.

Dé kho trung hoa thye hién ding chirc ndng
diéu tiét khdi lwong va chat lwong cla dong
khoang san nhap vé ho tiéu thu dung yéu ciu
thi phai thda man nhirng diéu kién sau:

1. Khéi lwgng khoang san tlr cac guwong khai
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thac va tvr kho trung hoa nhap vé ho tiéu thu
phai dap &ng khéi lwong ké hoach:

2Qin + Jen = Q (5)

Trong dd: gin — khdi lwong khoang san tir guong
khai thac th(r i nhap vé& ho tiéu thu(tan); ge — khéi
lwvgng khoang san nhap vé ho tiéu thu tr kho trung
hoa(tan); Q — khéi lugng khoang san theo ké& hoach
cung cap cho ho tiéu thu(tan).

2. Téng khéi lwong khoang san tr mot
guong khai thac nhap vé ho tiéu thu va vé kho
trung hoa phai bang néng suat lam viéc ctia may
xuc do:

Oin + Qic = (6)

Trong d6: gic-khdi lwong khoang san tir may
xuc the i dwa vé kho trung hoa(tan); gi-nang suat
lam viéc toan phan clia may xuc do(tan);

3. Khéi lwong khoang san tr kho trung hoa
nhap vé ho tiéu thu phai bang téng khéi lwong
khoang san tlr tht cd cac may xuc khai thac
nhap vé kho.

qcn :Zqic (7)
1

Trong do:
m-sd may xuc (gwong) khai thac hoat déng.
4. Chét lwong cac dong khoang san tu
khai trwong va tir kho trung hoa vé ho tiéu thu
phadi phu hop v&i chat lwong quy dinh (ké
hoach) [4]:

i qin - + qcn a
1
Q

Trong dé: ai , ac va an — ham lwgng TPCI
trong khoang san tr khai trwong, tr kho trung
hoa nhap cho hé tiéu thy va ham lwgng TPCI
quy dinh (ham lwong yéu cau cla ho tiéu thu).

=

N (8)

Chi tieu danh gia tbi wu la khdi lwong
khoang san xuét tlr kho trung hoa phai Ia nhd
nhét hay xuét truc tiép tir cac gwong khai thac
phai 1a I&n nhat [4]:

m
0e, = Min hay > qg;, —>max (9)
1
Dung luwgng cla kho trung hoa dbi véi cac

md than, c6 ké ca dy trir nham dam bao diéu
kién lam viéc 6n dinh, cé thé xac dinh theo biéu

thire [6]:

Q. =1,7.Aq.,/3OiKk2 +K? ), ngt (10)

Trong dé: Aq — san lwong than ngay dém
ctia md, ngt/ngd; Ka , Ka — hé sb khong diéu hoa
cla cac gwong khai thac va cla phwong tién
van tai trong ngay dém.

DPbi véi cac md quang thi dung lwong cla
kho trung hoa c6 thé xac dinh theo biéu thirc [2]:

1
Qu,=T. .0, — » nat (12)
| (L-7)

Trong d6: Te — chu ky cua do léch chi tiéu
chét lwong trung binh so véi gia tri cho phép (ké
hoach); ge — san lwgng khai thac trong mét ca,
ngt/ca; 1 - hé sb trung hoa ké hoach.

2
T, =
J1-T,
Trong d6: e — hé sb twong quan ham lwong
cla khoang san trung hoa trong ca tién hanh
thtr mau.

2.2. Trung hoa khoang san & kho trung gian

Kho trung gian c6 nhiém vu dam bao thanh
phan, chat lwong 6n dinh cho khdi lwong
khoang sdn trong mot ngay dém, tudn hodc
thang. Kho gilr chi*c nang vira Ia kho trung hoa
vira la dy trlr khoang san khai thac tir cac khai
trwdng ché vé. Kho duoc bd tri ngay trong mat
bang cdng nghiép ctia nha may tuyén, hoac gan
md, ho&c ngay trong mdt md nao dé, noi chuyén
tai ttr hinh thirc van tai nay sang hinh thrc van
tai khac.

Kho trung gian c6 thé la tam thoi hodc cb
dinh. Kho tam th&i thwdng khéng dap tng
nhiém vu trung hoa, con kho cb dinh cé diéu
kién dé& thwc hién tét viéc trung hoa & nhiing
mirc d6 can thiét ctia khau tuyén. Kho trung gian
giup cho viéc tién hanh céng viéc nhip nhang va
xuét khoang san trung hoa déu dan cho xwéng
tuyén trong thoi gian 1au dai.

Co6ng nghé trung hoa trong kho nhu sau: dé
khoang san thanh déng theo mét trinh tw nhat
dinh, theo mét huwéng, sau do khi xuat khoang
san cho xwdng tuyén thi tién hanh xic theo
hwéng vubng goc véi cac I&p khoang san da
chét trong déng nhdm tao nén sy trén déu cac
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|&p khoang san cé chat lwgng khac nhau khi d6
vao phwong tién van tai.

Déi v&i khoang san kim loai mau, do yéu cau
cao vé dd déng nhat va chét lwong cha khoang
san dwa vao tuyén, nén nguodi ta thudng tién
hanh xdc ddo nhidu 1an trwéc khi xuat khoang
san sang khau ché bién.

Dung tich kho trung gian dao ddng trong
khoang 50-70 ngan tan, tuy theo san lwgng cla
mé. Kho phai ddm bado dw trir khoang san cho
hai tuan san lwong cla xwdng tuyén. Khi cé kho
trung gian thi cé thé gidm bt hodc khéng can
may xtc dw trlr d& tao nén dw triv tai nguyén
trén gwong khai thac.

Nhin chung, chat lwgng trung hoa & kho
trung gian cao hon trung hoa & mé 50 - 60%.

2.3. Trung hoa khoang san & kho cua xwéng
tuyén

Do mirc d6 trung hoa khoang san & kho
trung gian chwa dat yéu cau, khoang san dwa vé
xwédng tuyén tlr nhiéu mé khac nhau, nén trudc
khi dwa tuyén hodc luyén, nguwdi ta tién hanh
trung hoa khoang san 1an cudi. Céc thiét b trung
hoa & xwédng tuyén hodc nha may luyén kim
thwdng hién dai va c6 chat lwong lam viéc tét
hon thiét bi trung hoa trong kho trung gian hay &
mo, do vay tao dwoc sy ddng nhat can thiét vé
chéat lvong cho khoang san theo yéu ciu cua
khau ché bién.

Trung hoa khoang san & xwéng tuyén cé thé
tién hanh trong bun ke hodc trong kho chwa.
Trung hoa khoang san trong bun ke la tron
nguyén liéu trong quéa trinh chét va d& tai cla
bun ke. Khoang san cé chét lwong khac nhau
dwoc chat vao bun ke, theo tirng I&p ndm ngang
nhé bang tai hay may cép liéu. Khi thdo bun ke,
céac 1&p khoang san sé chay xudng dong thoi va
tw tron 1an déu nhau qua clra thao.

Trong xwédng phai cé hai bun ke dé tiép
nhan va thao khoang san thay déi nhau. Phai
tiép nhan day bun ke méi dwoc bat dau thao va
twong tw, phai thao hét khoang san méi duoc
bat dau tiép nhan. Diéu d6 nhdm muc dich dam
bdo sw déng nhat vé chéat lwong khi khoang san
qua khéi clra thao bun ke trén co s& ty 1€ xac
dinh cha cac loai khoang sdn da chéat vao bun

ke.

Nhwoc diém cta trung hoa trong bun ke la
khéi lwong trung hoa ctia méi dot nhd va chét
lwong trung hoa khéng ddng déu gitra cac dot.

Viéc trung hoa khoang san trong kho duwoc
thwc hién bang cac thiét bi nhw bang tai, may
cép liéu, may xtc, may béc, may Ui,... Khoang
san dwoc bang tai chat thanh tng déng, cac
déng chat day bang nhiéu I6p khoang san cé
chét lwong khac nhau xen ké. Khoang san duoc
trung hoa qua méi lan chuyén tai hodc xuc tron.
Tuy theo loai khoang san, chat lwong cla tirng
loai y&éu ciu cua thiét bj ché bién ma viéc trung
hoa duwoc tién hanh qua mét hay nhiéu budc.
Ciing giébng nhw kho trung gian; kho clia xwéng
tuyén dwoc xay dwng cb dinh, c6 dung tich di
dé chira khoang san cho it nhat & 2 tuan lam
viéc. Kho vira gilr chrc nang dy trir vira lam
nhiém vu trung hoa. Chét lwong trung hoa trong
kho clia xwdng tuyén tét hon nhiéu so véi trung
hoa & mo hay kho trung gian.

3. THAO LUAN

Nhiéu doanh nghiép khai khoang da ap dung
phwong phép trung hoa trong diéu khién chét
lwong khoang san nham nang cao hiéu qua san
xuét. Mot s6 rng dung thyc té bao gém:

* M6 hinh trung hoa tai cac mé khai thac
quéng kim loai: Cac cong ty khai thac déng,
sat, niken da ap dung mé hinh diéu tiét trung
hoa dé 6n dinh thanh phan quéng.

M hinh hoéa trung hoa quang tap trung vao
mé phong cac phan (’ng hda hoc gilra axit
(thwong la H,SO, tir qua trinh oxy hdéa pyrit)
va chat trung hoa. Cac mé hinh tinh nhw
phwong phap danh gi4 Axit-Bazo (Acid-Base
Accounting - ABA) dwoc dung dé xac dinh tiém
nang sinh axit (Acid Potential - AP) va kha
nang trung hoa (Neutralization Potential - NP)
cla quang, qua dé danh gia can bang téng
thé. Tuy nhién, ABA khong xét dén yéu td thoi
gian, dan dén nhu ciu phat trién mé hinh
déng. Cac mdé hinh doéng, nhw md hinh van
chuyén phan ng (reactive transport models),
tich hop thay van, dia héa va déng hoc phan
&ng dé dw doan s lan truyén axit va hiéu qua
trung hoa theo khéng gian va thoi gian. Phan
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mém PHREEQC, MIN3P, hodc TOUGHREACT
thwong dwoc rng dung dé mé phdng cac phan
&ng phirc tap nay, tinh toan néng dé ion, dd
b&o hoa khoang vat, va sy bién déi pH.

* (’ng dung Al va di¥ liéu I&n trong trung
hoa quing: Hé thdng giam sat di liéu gidp tw
dong diéu chinh ty 1& pha trén trong quéa trinh
khai thac.

Hwéng phat trién twong lai tap trung vao
tich hop tri tué nhan tao (Al) d& x& ly di¥ liéu
da bién, két hop cdm bién loT dé cap nhat thoi
gian thwc, va phat tridn mé hinh stochastic
danh gia rai ro. Nghién ctru vat liéu trung hoa
mé&i (nhw biochar) cling d&t ra yéu ciu céap
nhat mo hinh héa.

* Téi wu héa trung hoa tai cac nha may
tuyén khoang: Cac don vi ché bién khoang san
st dung mé hinh trung hoa dé dam bao dau vao
4n dinh, gidm chi phi van hanh va tang nang
suat.

Trong béi canh khai thac khoang san, viéc
x& ly cac van dé méi truéng phat sinh tlr qua
trinh oxy héa quang sulfua, dan dén hién
twong thoat nwédc méd axit (Acid Mine Drainage
- AMD), 1a yéu cau cép thiét. AMD khéng chi
gay 6 nhiém ngudn nwéc ma con pha hiy hé
sinh thai, de doa sirc khée con ngudi. Do doé,
cong tac trung hoa quang-qua trinh s dung
cac chat trung hdoa nhw da véi, voi séng (Ca0),
hodc tro bay dé kiém soat do pH-déng vai tro
trung tam trong quan ly méi trwdng mé. Mo
hinh héa qua trinh nay tré thanh céng cu quan
trong giup dw bao hiéu qua, tbi wu hoéa chi phi
va dam bdo tuan tha quy dinh.

4. KET LUAN

Phwong phap trung hoa dong vai trdo quan
trong trong didu khién chéat lwong khoang san
bang cach gidm bién déng thanh phan khoang
vat, ddm bao dd 6n dinh v& ham lwong cac
thanh phan c6 ich, kich thwéc hat va ty 1& cac
loai khoang san truwéc khi dwa vao ché bién.

Bai bao da phan tich cac cap do trung hoa
khéc nhau:

- Trung hoa trong mé gilp kiém soat chat
lweng quang ngay tr khau khai thac théng qua
diéu chinh phwong phap xtc bbc, phdi liéu va
danh déng hop ly.

- Trung hoéa tai kho trung gian giup céan
béng thanh phan quéng trong qua trinh van
chuyén, gidm sy bién dong trudc khi quang
duoc dwa vao ché bién.

- Trung hoa tai xwéng tuyén khoang la
bwéc cudi cung, ddm bao nguyén liéu dau vao
4n dinh cho qué trinh tuyén va luyén kim, gép
phan nang cao hiéu suat ché bién va gidm tén
that tai nguyén.

Viéc ap dung cac md hinh toan hoc, céng
nghé giam sat dir liéu Ion va tri tué nhan tao
gitp tbi wu hoéa quy trinh trung hoa, nang cao
chét lwvong quing va hiéu qua san xuat. Péng
thoi, phwong phap nay con cé y nghia quan
trong trong kiém soat méi truwdng, dac biét Ia
giam thiéu tac dong cta hién twong thoat nuwéc
mo axit (AMD).

Tém lai, viéc ap dung phwong phap trung
hoa khéng chi gitp dn dinh chéat lwong khoéang
sdn ma con tang cuwdng hiéu suét ché bién,
gidm chi phi van hanh va téi da hoa loi nhuan
cho nganh cong nghiép khai thac khoang san.
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ABSTRACT:

In mineral extraction and processing, the uneven quality of ore is a significant issue that affects
production efficiency and economic effectiveness. One effective method for controlling mineral quality
is the neutralization method, which helps adjust and balance the mineral composition before it enters
the beneficiation process. This paper focuses on researching the neutralization method to enhance
mineral quality, reduce variability, and optimize extraction efficiency through mathematical models,
monitoring technologies, and practical adjustment solutions.
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