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In recent years, the rapid decline in both reserves and quality of domestic
zinc sulfide ores-the primary raw material for zinc metal production in
Vietnam-has posed significant challenges for the industry. This has made
the development of alternative processing technologies for low-grade zinc
oxide ores (5+10% Zn) increasingly urgent. The Cho Dien deposit (Thai

Keywords: ; ;

Flgnt;/ti on Nguyen province) hosts such ores, which are strongly weathered, fine-
Flotation’machine grained, and mineralogically complex, containing smithsonit,
Flotation reagent ’ hemimorphit, and chalcophanite with goethite, clays, and carbonates as

major gangue minerals.
Zinc oxide ore. jor gang

This study investigates flotation performance under different processing
regimes, including desliming versus non-desliming, reagent schemes, and
flotation machine types. Experimental results demonstrate that a reagent
combination of Na,S_Tan-X_Sep-X, combined with non-desliming, is more
effective than conventional depressants and dispersants. Moreover, a
comparison between conventional mechanical flotation and forced-air
flotation cells (TankCell) shows that TankCell achieves a zinc concentrate
grading 21.75% Zn with a recovery of 62.7% after a single cleaning stage,
whereas mechanical flotation requires two cleaning stages to obtain a
concentrate of 21.18% Zn at 62.5% recovery. These findings confirm that
flotation is a technically feasible route for complex low-grade zinc oxide
ores in Vietham and provide a practical basis for industrial application.
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Nghién ctru va dé xuit giai phap cong nghé tuyén nodi quing oxit
kém mé Cho Dién
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THONG TIN BAI BAO TOM TAT

Qud trinh: Trong nhitng ndm gdn ddy, sw suy gidm manh cd vé tri lwong ldn chdt

Nhan bai 25/8/2025 lwgng ctia ngudn qudng kem sunfua trong nuéc - nguyén liéu chi yéu dé
Stra xong 08/12/2025 sdn xudt kém kim logi tai Viét Nam - dd ddt ra nhitng thdch thirc 16n cho
Chap nhan dang 28/12/2025  nganh céng nghiép luyén kém. Do d6, viéc phdt trién cdc cong nghé ché bién
Tir khoa: thay thé cho quang kém oxit nghéo (5:10% Zn) ngay cang tré nén cap
thiét. M6 Cho Dién (tinh Thdi Nguyén) chira loai qudng nay véi ddc diém
phong héa manh, hat min, thanh phdn khodng vdt phikc tap, trong do
khodng chira kém gom smithsonit, hemimorphit, chalcophanit va tap chdt
chinh la gothit, sét, cacbonat.

May tuyén noi,

Quang oxit kém,

Thudc tuyén ndi,

Tuyén ndi.
Nghién ctru nay ddnh gid hiéu qud tuyén néi dwdi cdc ché do cong nghé
khdc nhau: khtt va khong khir slam, cdc ché do thudc tuyén, ciing nhw so
sdnh gitka mdy tuyén ndi co gi¢i va mdy tuyén ndi tw tran (TankCell). Két
qud thi nghiém cho thdy, hé thuéc Na,S_Tan-X_Sep-X két hop vdi ché do
khéng khtr slam cho hiéu qud cao hon so véi cdc hé thudc truyén thong.
Ngoai ra, so sdnh giira hai loai thiét bi tuyén cho thdy, mdy TankCell thu
dwgc qudng tinh chira 21, 75% Zn véi thwc thu 62,7% chi sau mot lin tuye?z
tinh, trong khi mdy caglm can hai lan tuyén tinh mdi dat 21, 18% Zn véi
thurc thu 62,5%. Cdc két qua nay khang dinh tinh khd thi vé mdt cong nghe
ctia tuyén néi doi véi quang kém oxit ngheo phtrc tap tai Viét Nam, dong
thoi cung cdp co sé thuc tién cho khd néng dp dung céng nghiép.

© 2026 Truong Pai hoc Mo - Pia chat. T4t ca cac quyén dwoc bao dam.
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trong cong nghiép ma. Zn con st dung lam dién
cwc cho pin Zn-ion, an toan hon, ré hon vabén hon
so v&i pin Li-ion. Ngoai ra, cac hop chit cia kém
con la nguyén liéu quan trong cho cac nganh céng
nghiép cao su, hoa chit, son, ndng nghiép va y té
(hop kim kém dugc st dung cho nhiéu thiét bi y
té vi kim loai nay an toan véi méi trwong) (Miiller
vannk, 2025).

Theo Nhém nghién ctru chi kém quéc té wéc
tinh san lwong kém tinh ché toan ciu vao nam
2024 dwoc duw bao sé giam 1,8% xuéng con 13,7
triéu tAn do ngudn cung quing tinh giam va wéc
tinh mtrc tiéu thu kim loai dwoc dy bao sé tang
1,8% 1én 13,8 triéu tin, dan dén thAm hut ngudn
cung so v&i nhu cau la 164.000 tin (ILZSG, 2024).
San luwgng kém khai thac tir quang nam 2023 trén
toan cau dat 12,1 triéu tin, trong d6 Trung Quécla
nha san xuit I6n nhat thé gidi voi san legng 4,06
triéu tin, ti€p theo 1a Peru v4i san lwong 1,47 triéu
tAn (USGS, 2025). Nhu ciu kém kim loai tai Viét
Nam giai doan 2020+2025 vao khoang
160.000+200.000 tin/nam (1997/Qb-TTg,
2015). Nhwng nguon kém kim loai tiéu thu trong
nuwédc chu yéu dén tir nhap khiu, san lwong kém
nhip khiu hing ndm wéc tinh  khoang
120.000+150.000 tdn/nam (Stavian Metal.com,
2024). Ty trong san lwong kém kim loai ndi dia rat
thip. Vi dy, nha may san xuat kém thdi lén nhat ca
nuwédc - Nha may dién phan kém Thai Nguyén -
trong nam 2024 chi san xuat dwgc 9.158 tin kém
thoi (Vimico, 2024), thap hon so véi thiét ké
15.000 tin/nam. San lwgng cia nha may khong
dat thiét ké chi yéu la do nguon quing tinh kém
sunfua ngay cang khan hiém. Tl cac s0 liéu trén
cho thiy nganh céng nghiép st dung kém trong
nuwéc hién dang phu thudc rat16m vao nguén cung
tlr nwére ngoai, dong thoi dit ra yéu cau cap thiét
vé viéc nang cao nang luwc khai thac va ché bién
quang kém trong nwéc, dac biét la quang oxit kém
nghéo nham gidm thiéu rai ro tir bién dong thi
trwong quoc té. Do dd, viéc nghién ctiru va ap dung
cac giai phap cong nghé kha thi dé tin dung ngudn
quang kém oxit nghéo tré nén cap thiét, khong chi
mang y nghia khoa hoc ma con ¢4 gia tri thuc tién
déi véi nganh luyén kém tai Viét Nam.

Theo tai liéu dia chéat, trit lwong quing oxit
kém ngheéo (5+10% Zn) cta mé Chg Dién vao
khoang 873.220 tin (Tran, 2007). Mac du, cho dén
nay da c6 nhiéu nghién ctru trong nwéc dwa ra cac
gidi phdp céng nghé dé tuyén loai quing nay.

Nhung chwa c6 giadi phap cong nghé nao dwoc ap
dung vao thuec té san xudt, do thiéu tinh kha thi vé
mat kinh té - ky thut.

Quang kém oxit nghéo mé Cho Dién dugc xép
vao loai kho tuyén néi do hoi tu nhiéu dic diém
bat loi, nhw: (1) thanh phan khoang vat chiva kém
da dang, lién két chit ché va xam nhiém min; (2)
mirc do phong héa manh din dén ham lwong bun
sét cao; va (3) tinh n6i va dic tinh bé mét cta cac
khoang vét c6 ich twong dong véi mot s6 khoang
vat tap nhw canxit va dolomit (P4 va nnk, 2024).
Vi vy, muc tiéu ctia ching téi trong nghién ctru
nay la xac dinh va ap dung cong nghé tuyén hop ly
nham han ché tic dong bat lgi cia bun sét, nAng
cao tinh chon riéng gitta khoang vat co6 ich va
khodang vét tap, tir d6 cai thién hiéu qua tuyén noi
quing kém oxit nghéo nham thu dwoc quing tinh
kém c6 ham lwgng trén 15% Zn cung cip cho nha
may san xuit ZnO.

2. Cac yéu t6 chinh anh hwdéng dén hiéu qua
tuyén noi quang oxit kém

DPoi voi quang kém oxit ngheo, dac biét la
quang bi phong hoa manh, nhiéu nghién ctru trén
thé gi¢i da chi ra rang hiéu qua tuyén ndi phu
thudéc dang ké vao mot sé yéu to cong nghé nhu:
(1) ché d6 xtr Iy slam (khtr hodc khéng khir slam);
(2) ché do va ching loai thudc tuyén; va (3) loai
thiét bi tuyén néi dwoc str dung. Viéc lwa chon va
t6i wu dong thoi cac yéu t6 nay déng vai tro then
chot trong viéc nang cao kha nang thu hoi va chat
lwong quang tinh.

2.1. Anh hwéng ciia slam

Hosseini va Forssberg (2011) da nghién ctru
anh hwdng cia slam (cap hat -0,02 mm) dén két
qua tuyén ndi smithsonit bang thudc tip hop
hexyl mercaptan. Két qua thi nghiém & cung chi
phi thudc tip hop 1300 g/t va pH = 9 thi quang
tinh khong khtr slam c6 ham lwong Zn va thuc thu
kém (tinh riéng cho khiu tuyén noi) lan lwot 1a
12,6% va 55%, con quang tinh khi slam c6 ham
lwong Zn va thuc thu kém lan lwot 1a 22,5% va
75%.

C6 thé nhin thiy hiéu qud tuyén noi
smithsonit khi khtt slam cao hon so véi khi khong
khtt slam. Tuy nhién, trong nghién ctru nay cac tac
gid khéng st dung thuéc phén tan va dé chim nén
két qua tuyén c6 sw khac biét ro rét, dong thoi
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chwa dé cap dén thuc thu toan bé khi khir slam.
Trong mdét nghién ctru khac Martins va cac cdng
sw (Martins va nnk, 2010) da nghién cru anh
hwéng cta natri sulfua, pH, thu6c phan tan, thu6c
dé chim... ché do khir slam va khong khi slam dén
hiéu qua thu hdi hemimophit. O’ cling diéu kién thi
nghiém khi thi nghiém trong phong véi ché do
khtr slam thu dwgc quang tinh c6 ham 38,4% Zn
vGi thye thu 72,4%, két qua nay twong duong véi
thi nghiém khéng khir slam & quy mo6 ban cong
nghiép. Con khi cac tac gia thi nghiém & quy mo
cong nghiép véi diéu khién khong khir slam da thu
dwoc quang tinh c6 ham lwong 37,3% Zn véi mic
thuc thu dat 76,1%. C6 thé nhan thiy khi khong
khtt slam thu dwoc quing tinh kém cé chit lwong
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thp hon nhuwng thuc thu kém cao hon, dong thoi
dé dam hiéu qua tuyén can str dung thém cac
thuéc phan tan, dé chim va sunfua hoa. Ngoai ra,
so d6 cong nghé tuyén khéng khir slam don gian
hon.

2.2. Anh hwéng ciia ché dé va chiing logi thuéc
tuyén

DE lya chon chiing loai va ché dd thudc tuyén
trong qua trinh tuyén noi quang oxit kém can phai
dwa vao thanh phin khodng vat cia quang. Hién
nay, nhiéu tic gia st dung nhirng phwong an nhw
trong Bang 1 dé tuyén ndi quing oxit kém
(Ejtemaei va nnk., 2014).

Bdng 1. So sdnh cdc phwong dn ché dé thudc tuyén qudng oxit kém (Ejtemaei va nnk.,, 2014).

Phwong an biéu kién t6i wu Uu diém Nhuge if’e\l’l’l /Han Ketqua tuyen
" pHA1015+11’,5; 0 Khoéng chon loc néu
nong do bun 30+40%; khong diing thudc dé
i O = oC-
s nﬁnet d,(') 253 40@ C A . . | chim; ty 1 slam ting
Sunfua héa réi diéu chinh pH bang Hiéu suat thu hoi chi phi thuéc 4
tuyénndibang | NaOH;c6thédungnhii | cao véikhoadng P P Quang tinh dat
h .
thudc cation twong amin + dau nhién hemimorphit; Na,CO léor;qp’ iam thu 25+35% Zn;
Armac C, liéu/d4u thong; thich hop quang 2vUs ame thuc thu 65+75%.
hoi Zn;
dodecylamine). dung Na,SiO; va Na- ngheo. thach anh lér’n oiAm
hexametaphosphate tinh chon tiéng manh
(SHMP) dé chim thach & mbi trwdme Kism
anh, canxit. 8 )
g‘g‘;fugg’ai;’i l;cmh H 105 C6 thé thu hdi ddng| Do chonlocthdp, | Quing tinh thuomg
: g “ § PR Ap . g thoi smithsonitva | chwa pht hop cho 20+28% Zn;
loai r6i tuyén ndi (nong do bun ran 30+40%. . . N n .
s hemimorphit. cobng nghiép. thuc thu 55+65%.
bang xanthate.
pH ~10; ki€ém soadt chdt | Chonloc tot khi Ca&?ggﬁ:ﬂ?; grlliu Q; gfg;?hzi?t
Tuyén néibang |pH dé€ diéu chinh dién tich| quang it canxit; ?15 hu chiuanh | thue t.hu 6(())47'0(V
axit béo (axit oleic).| bé mit; tranh quing c6 |hiéu qua cho quing hw;;p rri;:mh claion (' win sac.h it 0
nhiéu canxit. sach. ghc‘)ai tan q ca r%xi"t] ’
— z p . R 200
Tuyén ndibang |pH ~9; c6 thé két hop khir Hlel,l qua trong doi Bo gh(_)n IQS t}.lilp' Quang.tlnh 22+30%
Mercaptan slam dé tine thue thu véi smithsonit, khong pho bién Zn; thyc thu
pran. gty ] hemimorphit. trong cong nghiép. 55+65%.
Quy md phang thi Chua img dung cong | 801U TR
Tuyén ndi bang Y N hri)ém- g C6 kha nang chon | nghiép do thiéu gdc dzt >3§,0/q 7n i humn
chelat. , gﬂ T s loc cao. hydrocarbon mach | 0o 5
chwa c6 s6 liéu toi vu. dai: ei4 thanh cao chwa c6 dit liéu thuc
'8 ' thu 6n dinh.
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C6 trién vong, thu
Tliyen hot baf,lg Trinh tw b6 sung thudc rat dugc quans tinh Can nghién ctru thém C,O the.z thu dl.r(_yc
hon hop thudc dat yéu cau; " X ~ | quang tinh 30+35%
ST quan trong; n '« | Vvétwong tac thudc
cation va anion H thich hob ~10-11 tan dung wu diém VA t6i v chi phi In;
(Armac C + KAX). p P "7 | cha ca thudce cation phk thuc thu 65+75%.
va anion.
Dungthémthudc | ., ... | o GLamAhap phu\ Chi p,h Heng neu bun Lam tang ham lwgng
S Dung & méi tredng kiém | thuodctdp hopvao | chira nhiéu slam .« . A
dé chim va phan . Ny o2 . . A A , | quangtinh thém
. : (dung dwoc cho tat ca cac | thach anh, canxit; | min; khéng hiéu qua . \x
tan (NazSi0s, hwong an trén) tang tinh chon khi ki€ém soat pH 225% Zn va tang
SHMP). phuong ' 8 Mh Che S04t p thuc thu 3+7%.
riéng. khoéng tot.

2.3. Anh hwéng ciia loai mdy tuyén néi

Gan day, nhiéu nha may tuyén quang kim loai
mau trén thé gi¢i va Viét Nam da chuyén déi tir
may tuyén noi co gi¢i truyén théng sang may
tuyén ndi khi nén kiéu ty tran (TankCell) c6 ning
sudt va hiéu suit tuyén cao hon. Vi du: Nam 2017,
tap doan Hindustan Zinc Limited (HZL) ctia An D6
da thay hé théng mdy cii bang may tuyén ndi
TankCell ciia hing Metso cho nha mdy tuyén néi
quang chi - kém, v&i hé théng may tuyén ndi maéi
nay thwc thu va ham lwgng quang tinh chi va kém
cia nha may déu tang trén 0,5%. Cu thé quang
tinh chi c6 ham lwgng 55%Pb véi mirc thyce thu
dat89,5%; quang tinh kém dat ham lwong 51% Zn
vi thue thu dat 91,5%; Ngoai ra mirc thu hoi bac
dat gan 84%. Pong thoi nang suit cia nha may
tang tir 1,5 triéu tAn/ndm lén 2 triéu tdn/nam
(Metso, 2020); con tai Viét Nam, nam 2017, nha
may tuyén quang dong Sin Quyén 1, di tién hanh
thay thé dong loat may tuyén noi truyén thong
bing may tuyén ndi TankCell. Sau khi thay thé
thay thé, cac chi tiéu cong nghé cia nha may déu
tang. Cu thé, quang tinh déng c6 ham lwong ting
tr 25%¢Cu 1én trén 25,52%Cu va thyc thu dong
tang tr 92,02% lén trén 94%; ham lwong dong
trong dudi thai giam tir 0,08%Cu xudéng khoang
0,06%Cu; quang tinh sit c6 ham lwong ting tir
64,5%Fe 1én trén 65%Fe va thuc thu sit tang tir
25,2% 1én 28% (Ly va nnk., 2018).

3. Mau va thiét bi nghién ciru

3.1. Mau nghién ciru

MAu quing oxit kém nghéo dugc Cong ty CP
Kim loai mau Thai Nguyén cung cip v&i khéi

lwong 5 tAn. MAu sau khi duoc gia cong tron déu
dwoc dwa di phan tich thanh phan do hat, thanh
phan khoang vat va hoa hoc. Két qua phéan tich
dwoc cho & Bang 2 va cac biéu do Hinh 1 va 2.

Tir két quad phan tich tinh chit cda miu
nghién cru nhan thay:

Két qua phén tich c& hat (Hinh 1) cho thay
quang chira Zn phan bé khong dong déu theo cap
hat: ham lwong Zn cao nhat & cac cip hat tho (+35
mm, 10+35 mm, 11+12%) va gidm dan vé cip hat
min, trong khi cap hat rat min (-0,023 mm) tuy c6
ham lwong thap (4,47%) nhung chiém khéi lvgng
16m (23,56%). Piéu nay dong nghia vé&i viec mau
quang chiva nhiéu bun min, gy khé khan cho qua
trinh tuyén no6i do dién tich bé mat 16n, lam giam
kha nang chon riéng cia qua trinh tuyén noi.

Thanh phan khoang vit (Hinh 2) cho thiy Zn
ton tai chi yéu & dang silicat (Hemimorphit),
cacbonat (Smithsonit) va manganat
(Chacophanit) ching chiém téng cdng khoang
15+21%. Phan con lai chd yéu la khoang phi
quang nhw Gothit + Hematit (27+29%), Illit
(17+19%), Thach anh (11+13%), cung cac
khoéng cacbonat va silicat khac. Mau nghién ctru
bao gbm nhiéu khoang khodng vat chira Zn véi
ban chit héa hoc khac nhau (silicat, cacbonat,
manganat), khién bé mit phan rng khong dong
nhit va lam gia ting d6 phic tap ctia qua trinh
tuyén noi, doi hoi phai 4p dung ché do va loai
thudc tuyén phit hop cho tirng khoadng nhim ddm
bao thu hoi t6i da khoang vat c6 ich.

Vé thanh phén héa hoc (Bang 2), ham lwong
Zn trong mAau nghién ctru chi dat 7,4%, cho thdy
day la quang nghéo. Ham lwong Fe cao (TFe =
17,88%) va SiO; (23,02%) phan anh sy hién dién
16m clia oxit sat va khoang silicat - nhitng khoang
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Bdng 2. Thanh phdn hod hoc clia mdu nghién ciru.
Nguyén t6/hop chit| Zn TFe |Mn | Cu Pb | Ca0 | Al,03 | SiO; S P As
Ty 16,% 74 | 1788 | 560,101 |3,05] 1,24 | 10,43 | 23,02 | 0,09 | 0,092 | 0,232
24 —
21
i;’ 18
%‘ 15
§ 12 B
2
H -
3
0
+35 10,0-35,0 5,0-10,0 2,0-5,0 1,0-2,0 050-1,0 0,20-0,50 0,10-0,20 0,074-0,10 0,045-0,074 0,023-0,045 -0,023

I Thu hoach, %

Cap hat, mm

=6—Ham lvong Zn, %

== Thuc thu Zn, %

Hinh 1. Biéu do phdn b6 ham lwong va thuwc thu kém theo cdp hat.

Pyrochroit Mn(OH)2
Dolomit CaMg(C03)2
Canxit CaCoO3

Gothit + Hematit
Clorit

It

Thach anh
Chacophanit

Smithsonit ZnCO3

Hemimorphit (Calamin)

ZnMn307(H20)3

Si02

Fe203.H20 +Fe203

Mg2AI3[AlSi3010](OH)8

KAI2[AISi3010].(OH)2

Zn4Si207(0H)2.H20

0,00 5,00 10,00

15,00

20,00 25,00 30,00 35,00 40,00

Khoangham lugng, %

Hinh 2. Biéu do phdn bé khodng vdt trong mau nghién ctru.

tap chit kho tach va c6 xu hudng tiéu hao thudc
tuyén. Ham lwong Al;05 cao (10,13%) cung cac
khoang sét nhw Illit, Clorit gop phén tao bun min,
anh hwdng x4u dén kha nang néi cia khodng vt
c6 ich. Ngoai ra, Mn (5,6%) va Pb (3,05%) la cac
nguyén t6 di kém c6 thé thu hoi, nhung sw c6 mat
cia Mn trong khoang Chacophanit va Pyrochroit
c6 thé 1am tang d6 phirc tap cta hé tuyén.

Nhin chung miu nghién cttu c6 nhitng tinh
chit co ban sau: (1) Mau nghién ciru chira nhiéu
cip hat min lam tang do nhét cia bun quing va

giam hiéu qua tuyén; (2) Thanh phan khoang vt
chira kém da dang nén cin str dung nhiéu loai
thuéc tuyén; (3) Tap chat giau Fe, Si0,, Al,05 lam
tang chi phi thuéc va lam giam tinh chon riéng; va
(4) Ham lwong kém thap nén can nhiéu khau
tuyén tinh mai thu dwoc quang tinh dat yéu cau.

3.2. Thiét bi va phwong phdp nghién ciru
3.2.1. Thiét bi nghién ctru va thudc tuyén
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Cac thi nghiém tuyén néi dwoc tuyén bang
may co gidi dung tich 1L, 3L va mdy tuyén noi
TankCell dung tich 75 L. Hinh anh may tuyén dworc
cho & Hinh 3.

: .
a, Mdy tuyén néi co gici; b, Tuyén TankCell
Hinh 3. Anh cdc thiét bi thi nghiém.

Cac loai thudc tuyén dung trong nghién ciru
cho & Bang 3.

phén tich xac dinh ham lwong Zn. Két qua cta tirng
thi nghiém dwogc danh gia thong qua ham lwgng
Zn va thyc thu Zn trong quang tinh.

4. Két qua nghién ciru va thao luin

4.1. Nghién ctru dnh hwdng cia slam

Slam anh huwéng xdu dén qua trinh tuyén néi
nhuw: thic d4y hién twgng néi cohoclam giam chat
lwong quang tinh; dién tich bé mit 1én lam tang
chi phi thudc tuyén noi; ngoai ra, slam con anh
hwdng dén khiu loc quang tinh. Tuy nhién, doi véi
mAu nghién ctru, néu khir slam trudc khi tuyén sé
lam mét mat quéang tinh vao duéi thai, déng thoi
so d6 cong nghé tuyén sé phirc tap hon. Do do,
trong nghién ciu nay chdng téi tién hanh thi
nghiém so sanh hiéu qua tuyén néi gitra mau khir
va khong khir slam & chi phi thudc tip hop khac
nhau. Tinh chit cda ctia 02 mAu cho & Bang 4. Slam
min (cip -0,02 mm), dwoc khir bang hé théng:
sang quay danh toi, may phan cip rudt xoan va
xiclon. Diéu kién nhw sau:

- Dung tich may tuyén néi: 3 lit;

Bdng 3. Cdc loai thudc ding trong nghién ctru.

TT Hoa chit Tac dung
1 Axitbéo Tap hop
2 Diu hoa Tap hop
3 NazS Sunfua hod
4 Na,SiO3 Pe chim
5 Dextrin Pe chim
6 Sep-X2 Phan tan
7 Tan-XSb Pe chim
8 NazCOs Diéu chinh pH
9 SHMP Phan tan

10 MIBC Tao bot

- Nong d6 pha ran:
- D6 min nghién:

200 g/1;

100% cap -0,1 mm;

- b6 pH moi trwong: 9,5 (dwoc diéu chinh

bang NaC0s)
- Chi phi NaS: 10.000 g/t;
- Chi phi Na,SiOs: 500 g/t
- Chi phi Tan - X: 500 g/t
- Chi phi Sep - X: 500 g/t;

- Chi phi thudc tip hop (axit béo + dau ho3, ty
1é 4:1) thay ddi lan lwot 1a: 800; 900; 1000; 1100

aSep-X1a hon hop polyme tu nhién véi 50% tanin;
b Tan-XS 14 bot Bisufite chiét xuit tir ciy keo Uc.

3.2.2. Phwong phdp nghién ctru

Cac thi nghiém tuyén néi dwoc tién hanh trén
may tuyén néi co gidi va TankCell véi thude tip
hop chinh la axit béo va thuéc tap hop thi cip la
diu hoa. Thoi gian khudy tiép xic bun quang véi
cac thudc tip hop 1a 5 phut, véi Na,S 1a 15 phut,
con cac thudc khac 1a 3 phut. Thi tw cip thudc:
diéu chinh pH, sunfua ho4, dé chim, phan tan, tip
hop va cuéi cung la thuéc tao bot (chi dung cho
may TankCell).

San phidm cua tirng thi nghiém tuyén noi
dwoc dem loc, siy kho, can xac dinh khéi lwgng va

va 1200 g/t.
Bdng 4. Tinh chdt ciia mau khir slam va
khdng khtr slam.
San pham Thu Ham lwong | Thuwc thu
P hoach,% Zn ,% Zn,%
Khtr slam
(Cap +0,02 74,17 8,38 84,01
mm)
Slam 25,83 4,58 15,99
Khong 140,00 7,40 100,00
Kkhit slam

Sau khi thi tuy&n ndi mot Ian 02 mau trén may
tuyén néi co giGi thu dwoc két qua nhw Hinh 4.
Tr két qua thi nghiém & Hinh 4 nhan thay:
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Ham lwong Zn, %

50 11
700 800 900 1000 1100 1200

Chi phi hén hep thude tip hep, g/t

—e— Thure thu (khéng khir slam), % —a&— Thurc thu (Khirslam), %

- % = Ham lwong (khong khirslam), %  =-8-- Ham lwong (Khirslam), %

Hinh 4. D6 thi so sdnh hiéu qud tuyén giira khir va
khéng khir slam khi thay déi chi phi thudc tdp hop.

- &' moi chi phi thuéc tip hop thuc thu toan bo
Zn trong quang tinh clia mAu khong khir slam luon
cao hon so v&i mau khit slam, con ham lwong Zn
trong qudng tinh ctia miu khong khir slam luon
thap hon;

- Diém t8i wu rd nhat ctia hai mAu ndm & chi
phi thudc tap hop 1000 g/t. Khi d6 mau khir slam
¢6 ham lwgng va thyc thu kém trong quang tinh
lan lwot 1a: 16,35% va 77,63%; con mau khong
khit slam slam c¢6 ham lwong va thwc thu kém
trong quang tinh lan lwot la: 1544% va
80,74%.%. Két qua nay c6 quy ludt giéng nghién
ctru cta Matins va cac cong sy (Martins va nnk,,
2010).

- Nhuw vy, dé€ ddm bao thuc thu va don gian
hod sor d6 cong nghé tuyén nén chon ché do tuyén
khong khir slam. Tuy nhién, khi tuyén & ché do nay
can str dung thém thudc phan tan bun quang dé
tang hiéu qua tuyén.

4.2. Nghién citru anh hwdng ctia ché do thuéc
tuyén

Trong nghién ctru nay ching téi st dung
phwong an str dung thudc tip hop axit béo dé tip
hop cac khoang vat oxit kém. Tuy nhién, khac véi
nhiéu nghién ctru trwdc ching tbi dung Tan - X dé
de chim va Sep - X dé phan tan. Theo hdang Bondite,
Tan - X c6 hiéu qua dé chim t6t cac khoang vat
canxit, dolomit, silicat hé Ca-Al-Mg, Talc va sét.
Con Sep - X ngoai kha nang phan tan con c6 kha
nang dé chim tdt cac khodng sat sunfua. C4 hai hoa
chat nay déu c6 ngudn goc hitu co nén than thién
véi moéi trwong (https://nte.co.za/bondtite-
products/). Ngoai ra, do miu nghién chira nhiéu

khoang vat chira sit nén dung Na,S dé sunfua hoa
cac khoang vat clia sat va chiing c6 thé bi dé chim
bédi Sep - X. Co ché vé kha ning hap phu lwu huynh
cda cac ion Fe3+ da dwoc Deng va cac cong su lam
sang td trong mot nghién ctiru vé kha nang hap phu
hod chit Ién bé mat smithsonit (Deng va nnk.,
2017), déng thoi NazS con c6 tac dung sunfua hoa
bé mat khoang vat oxit kém dé lam ting hiéu qua
tuyén néi. Do do, trong nghién ctiru nay ching toi
trinh bay két qua nghién cru so sanh hiéu qua
tuyén ndi khi st dung Tan - X va Sep - X v&i hé
théng deé chim va phan tan truyén théng (thuy tinh
long, tinh bt va Natri hexametal phosphat -
SHMP). biéu kién thi nghiém twong tw nhw muc
4.1 nhung véi chi phi hdn hep thudc tp hop 1a
1000 g/t; khi so sanh hiéu qua tuyén giira Tan - X
va tinh bot st dung lan lwot Sep - X va SHMP lan
lwot & chi phi 500 g/t va 1200 g/t; twong tw khi so
sanh Sep - X va SHMP st dung lan lwot Tan - X va
tinh bot Ian lwgt & chi phi 500 va 1000 g/t. Két qua
thi nghiém cho & Hinh 5 va 6.

Thuee thu Zn, %
Ham lwong Zn, %

300 400 500 600 700 800 900 10001100120013001400

Chi phi Tan-X va Tinh bot, g/t

—— Tan-X_Thwc thu —&— Tinh bét_Thwe thu

==@=-Tan-X_Ham lwrong ==8==Tinh bét_Ham hrong
3 n . z A 2 ~ =~
Hinh 5. Do thi so sanh hiéu qud tuyén giita Tan-X
\ 2 L 2

va thuy tinh I6ng.

1

Ham lwong Zn, %

[

300 500 700 900 1100 1300 1500

Chi phi Sep-X va SNMP, g/t
—8—Sep-X_ Thirethu —&—SHMP_ Thire thu
-=0-Sep-X_ Ham lwong =-@=-SHMP_Ham lwong

Hinh 6. DO thi so sdanh hiéu qud tuyén giira Sep-X
va SHMP.
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Tl két qua thi nghiém so sanh hiéu qua de
chim cta Tan-X va tinh b6t (Hinh 5) nhan thiy:

- B6i v6i Tan-X: Ham lwgng Zn trong quang
tinh ting dan tir 12,53% & 300 g/t 1én cuc dai
16,52% tai 600 g/t, sau d6 giam xuéng 15,08% &
700 g/t; Thuc thu Zn trong quang tinh tang twr
77,01% 1én gia tri cao nhit 80,74% tai 500 g/t, sau
dé gidm manh, chi con 58,71% & 700 g/t. Nhw vay,
chi phi t8i wu ddi véi Tan.X nam trong khodng
500+600 g/t, bdo dam dong thoi ham lwong va
thuc thu cao. Chi phi Tan-X vwgt qua 600 g/t da
1am gidm manh thuc thu, c6 thé do Tan - X da bat
dau deé chim khéng chon loc.

- B6i v6i tinh bot: Ham lwgng Zn trong quang
tinh tang tir 11,65% & 600 g/t1én cuc dai 16,09%
tai 1200 g/t, sau d6 giam con 14,55% & 1400 g/t;
Con thue thu dat gia tri cao nhat 78,90% tai 1000
g/t, sau do6 giam ro rét con 56,59% & 1400 g/t. Tl
két qua trén nhan thay, néu wu tién dong thoi ham
lwong va thuec thu, chi phi tinh bot tinh bot téi wu
khoang 1000 g/t. Viéc tang chi phi virgt mic nay
tuy lam ham lwgng tang nhe nhung thuwc thu giam
dang ké.

- & didu kién t8i wu, Tan-X cho thuc thu cao
hon (80,74% so v&i 78,90%) va ham lwgng twong
dwong hodc nhinh hon tinh bdt. Nhung, Tan-X
nhay cam hon véi hién twong dw thudc, thé hién
qua sw giam manh cua thuc thu khi chi phi qua
cao. Tinh bot cé xu hwéng duy tri ham lwong cao
hon & chi phi lén, nhwng khi chi phi qua mirc thuc
thu cling giam.

Tl két qua thi nghiém so sanh hiéu qua cta
Sep-X va SHMP (Hinh 6) nhén thay:

- Khi tang chi phi Sep - X tir 300+600 g/t ham
lwong Zn trong quang tinh ting dan tr 12,11%
dén cuc dai 16,08%, tiép tuc tang chi phi dén 700
g/t ham lwong giam con 14,79%Zn. Thyc thu Zn
trong quang tinh tang dan va dat cuc dai 80,74%
& chi phi 500 g/t, nhwng & chi phi 700 g/t thuyc thu
Zn trong quang tinh gidm manh xudng con
55,21%. Diéu nay c6 thé la khi dw Sep - X da de
chim ca khoang vit cé ich.

- Khi tang chi phi SHMP tir 800+1200 g/t ham
lwong Zn trong quang tinh ting tir 11,57% dén
15,08% véi thue thu tang nhe tir 74,24+ 77,07 %.
Tiép tuc tiang chi phi tir 1200 g/t dén 1600 g/t:
ham lwgng tiép tuc ting nhung thyc thu gidm
manh tir 77,07+59,77%, do de chim qua mtrc. Chi
phi SHMP t6i wu khoang 1200 g/t néu mudn dam
bao ca thyc thu va ham lwong Zn trong quang tinh.

- & chi phi t8i wu Sep - X cho thuc thu cao hon
so v&i SHMP (80,74% so véi 77,07%), nhuwng & chi
phi cao (trén 1200 g/t) thi SHMP cho ham lwong
Zn trong quang tinh cao hon. Néu chon SHMP &
chi phi cao dé dat ham lwong thi phai chip nhin
thuc thu thap.

4.3. Nghién ciru dnh hwdng cua thiét bi tuyén

Tai cAc nha may tuyén ndi quang kim loai mau
trén thé gi¢i hién nay dang c6 xu hwéng thay thé
may tuyén ndi co gi¢i bang cac may tuyén noi khi
nén (kiéu tw tran). Cac thiét bi méi nay c6 dung
tich 1én hon, nang suat va hiéu suat tuyén cao hon,
béng khi nho va phin bé déu hon. Dac biét may
tuyén ndi nay c6 16p bot day tao diéu kién thuin
loi cho viéc lam giau th sinh va han ché anh
hwéng cia slam min, do dé thu dwoc quang tinh
c6 chat lwong cao hon. Trong nghién ciru nay
chiing t6i str dung may tuyén noi co gi¢i (dung tich
3 lit va 1 lit) va may tuyén TankCell dung tich 75
lit d€ so sanh hiéu qua tuyén chinh va tuyén vong
hé. Diéu kién thi nghiém nhw Hinh 7 va 8, con cac
diéu kién khac nhw muc 4.1. Két qua thi nghiém
tuyén chinh va tuyén néi vong hé cho & Hinh 9 va
Bang 5.

T két qua thi nghiém thay déi chi phi hén
hop thudc tap hop khi tuyén néi bang may co gidi
va TankCell nhin thay:

- B6i v&i may tuyén ndi co gidi, khi tang chi
phi thudc tip hop tir 700+1000 g/t ham lwong Zn

Miu dau
(1) Na,CO;; pH =9,5 | (4) NasSiO5; 5008/t

(2) NaS; 10.000 g/t |5 Sep-X;500g/t
- (6) TTH; 1000 g/t

(3) Tan -X; 500 g/t

Y
Tuyén chinh

(1) Tan -X; 100 g/t
(2) Na,Si05; 100g/t Y

v Budi thai
Tuyéntinh 1

Y
Y Trung gian 1
Tuyén tinh 2

\J
Trung gian 2

)
Quang tinh

Hinh 7. Sor db va ché dé tuyén ndi vong hé bang

mdy tuyén néi co’ gidi.
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Mau diu
(1) NasCOg; pH =95
(2] NaoS; 10.000 g/t

(4) NaSi05; 500g,/t
(5] Sep -X; 500 g/t
(6] TTH; 900 g/t
(7] MIBC; 100 gft

{3) Tan -X; 500 g/t

v
Tuyén chinh
(1) Tan -X; 100 g/t ]
{2) NaSi0g; 100g/t l
v Pudi thai
Tuyén tinh 1
Y
\J Trung gian 1

Quang tinh
Hinh 8. So Ao va ché do tuyén ndi vong hé bang
mdy tuyén n6i TankCell.

Thire thu Zn, %

2L I = = S B |
5l w

700

800 900

1000 1100

Chi phi hon hop thudc tap hep, g/t

—e— Mady co gidi_Thuee thu, %

--8--Mdy co gidi_ Ham lirong, %
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Ham lwong Zn, %

s

13
12

11
1200

—&—TankCell_Thuc thu, %

--8--TankCell_Ham lwong, %

Hinh 9. D6 thi so sdnh hiéu qud tuyén giita mdy
tuyén co giGi va TankCell khi thay déi chi phi
thudc tdp hop.

Bdng 5. Két qua tuyén néi vong hé giira mdy co gidi va TankCell.

May tuyén ndi co gidi May tuyén ndi TankCell
Tén san phdm Thu Ham lwgng | Thuc thu Thu Ham lwgng | Thuc thu
hoach,% 7n,% 7n,% hoach,% 7n,% 7n,%
Qudng tinh 21,87 21,18 62,51 21,36 21,75 62,7
Trung gian 1 9,12 6,75 8,31 17,03 8,09 18,59
Trung gian 2 7,76 9,47 9,92
DPubi thai 61,25 2,33 19,26 61,61 2,25 18,71
Quing dau 100 7,41 100 100 7,41 100

trong qudng tinh gidm nhe tr 17,21+15,44%,
nhung thye thu ting manh tir 59,86+80,74%. Ti€p
tuc tang chi phi trén 1000 g/t, thuc thu Zn trong
quang tinh gidm xudng con 74,32% va ham luwgng
kém gidm ro rét, chirng to chi phi thudc tip hop da
qué mtrc. Chi phi t8i wu cia hdn hop thudc tip hop
vao khoang 1000 g/t.

- Khi tuyén néi bang may TankCell c6 b6 sung
thém 100 g/t MIBC nhin thiy, ham lwong Zn
trong quang tinh giam dan tir 16,87% (700 g/t)
xudng 11,65% (1200 g/t), con thuc thu tang tir
67,59% (700 g/t) dat cuc dai 81,29% & 900 g/t,
sau d6 dao dong & mirc 77+79%. Chi phi t6i wu ca
hén hop thudc tAp hop vao khoang 900 g/t.

- O cling mitc chi phi thap (700+900 g/t) thi
may tuyén TankCell cho thyc thu cao hon rd rét
(cao hon 7+8% & 700+800 g/t; 81,29% so vai
73,37% & 900 g/t). Tuy nhién, ham lwong Zn
trong qudng tinh TankCell thdp hon mot chit
(~0,3+0,5% & cung chi phi). & mtc chi phi cao
(1000+1200 g/t), may co gidi cho ham lwong cao

hon (~1+1,3%), nhung TankCell gitt dwoc thuc
thu cao hon hodc twrong dwong.

- Ham lwgng ctia TankCell gidam manh hon khi
tang chi phi, c6 thé do bot min va MIBC cudn thém
khoang tap khi chi phi thu6c tip hop cao.

- MIBC lam bot min va én dinh hon, ting kha
nang thu hoi hat min vi vy TankCell dat thuc thu
cao hon, d3c biét & chi phi thip. Tuy nhién, bot 6n
dinh qua mrc c6 thé kéo theo nhiéu khoang tap
dan dén ham lwong gidm, dic biét khi & chi phi
thuéc tip hop cao.

Tr két qua thi nghiém & Bang 5 nhin thiy:

- May tuyén co giGi va TankCell cho phép thu
hoi dwoc quang tinh c6 ham lwong Zn lan lvot la
21,18% va 21,75%, con thwc thu Zn trong quang
tinh lan lwot 1a 62,51% va 62,70%. C6 thé nhin
thdy may TankCell cho hiéu qua tuyén cao hon
khong nhiéu so v&i may co gidi.

- b€ dat dwoc quang tinh c6 chit lwgng nhw
Bang 5 may co gi¢i phai qua 02 lan tuyén tinh con
TankCell chi cAn mot I4n tuyén tinh.
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San pham trung gian 1 va 2 ctia may co gidi c6
téng thu hoach 1a 16,88% v&i thuce thu la 18,23%,
gia tri nay twong duong véi thu hoach va thye thu
san phdm trung gian cia mdy tuyén TankCell
(17,03% va 18,59%). biéu nay cho thiy may
TankCell c6 kha niang gom qudng vao mdt san
phdm trung gian duy nhat, giip don gian hoa so
do6 tuyén.

- Nhw vay, TankCell gitr dworc hiéu qua twong
dwong hodc nhinh hon vé ham lwong va thuec thu,
nhung quy trinh don gian hon (chi 1 khiu tuyén
tinh thay vi 2). May co gi¢i van cho két qua tdt,
nhung can nhiéu cdng doan hon, dan dén chi phi
van hanh va tiéu hao thudc tuyén cao hon. Vé mat
cong nghé, TankCell c6 wu thé trong viéc rat gon
so tuyén ma khéng lam giam hiéu qua thu hoi,
dong thoi cd tiém nang ning cao ham lwgng quang
tinh. Tuy nhién, khi dung may TankCell cin dung
thém thudc tao bot.

4.4. So sanh véi cdc nghién ciru trwéc day

So sadnh két quad nghién ctru vé tuyén noi
quang kém oxit mé Cho DPién véi mot s6 nghién
ctru tiéu biéu trén thé giGi ching téi nhin thiy:

- So véi Hosseini & Forssberg (2011): khi
tuyén ndi smithsonit bang mercaptan, cac tac gia
dat quéng tinh 22,5% Zn véi thue thu 75% & ché
do khir slam, trong khi khong khir slam chi thu
dwoc 12,6% Zn vai thye thu 55%. Trong nghién
ctru nay, ché do khong khir slam nhwng ¢6 bo sung
hé thu6c Na,S-Tan-X-Sep-X dat qudng tinh
15,44% Zn - 80,74% thyc thu (tuyén chinh) va
21,75% Zn - 62,7% thuc thu (tuyén vong hé bang
TankCell). Nhw vay, mac du ham lwong quang tinh
thap hon Hosseini, nhwng thuce thu cao hon ro rét,
diéu nay chirng minh hiéu qua cta viéc két hop
thuéc phan tin va dé chim méi trong diéu kién
quang nhiéu slam.

- So v6i Martins va cac cong sw (Martins va
nnk, 2010): & quy mo phong thi nghiém (kht
slam), tac gid thu dwoc qudng tinh 38,4% Zn va
thuc thu 72,4%, con & quy cong nghiép khong khir
slam 12 37,3% Zn va thyc thu 76,1%. Trong nghién
ctru hién tai, quing tinh chi dat t6i da 21,75% Zn,
thdp hon nhiéu so véi Martins. Nguyén nhén
chinh la do quang Cho Dién nghéo Zn (7,4% so v&i
215% Zn trong nghién ctru ctia Martins) va c6
nhiéu khoang tap Fe-Mn-Si. Tuy vy, thuc thu dat
62,7%, cho thay hé thuéc va thiét bi TankCell da
phat huy tac dung vi loai quing khé tuyén hon.

- So v6i tdng quan ctia Ejtemaei va cac cong sy
(Ejtemaei va nnk., 2014): cac nghién cttu nay cho
thdy, tuyén noi quang Zn oxit thwong thu dwoc
quang tinh 20+40% Zn v&i thue thu 60+80%, chu
yéu trén mau quang c6 ham lwong Zn dau vao cao
(210+15%). K&t qua cda nghién ctru nay (21,75%
Zn v6i thuce thu 62,7% tir quing 7,4% Zn) nam
trong khoang gia tri qudc té, dong thoi co y nghia
dac biét vi chirng minh tinh kha thi cda tuyén néi
ngay ca voi quang ngheo, phong héa manh va
chira nhiéu slam nhw mé Cho Dién.

Tém lai, két qua nghién ctru tuy c6 ham lwgng
quang tinh thip hon so véi nhiéu céng trinh quoc
té, song thuc thu dat mic twong dwong hodc cao
hon. Diém khac biét quan trong 1a nghién ctru nay
khing dinh dwoc kha ning ap dung ché do khong
khtr slam két hop hé thudc Na,S-Tan-X-Sep-X va
thiét bi TankCell, trong khi phan lén nghién ctiu
trwdc cho rang can khir slam d€ dat hiéu qua cao.
bay chinh la dong gép mdi vé mat cong nghé va
thuc tién cho tuyén néi quing kém oxit nghéo tai
Viét Nam.

5. Két luin va kién nghi

Tlr két qud nghién ctu dic diém va thi
nghiém tuyén qudng oxit kém mé Cho Dién, nhin
thay:

MAu quang c6 ham lwong Zn thip (7,4%),
phén b6 khong dong déu theo c& hat; phin slam
min (-0,023 mm) chiém t&i 23,56% khoi lwong
nhung ham lwong Zn thip, kém theo thanh phan
khoang vat phirc tap (silicat, cacbonat, manganat)
va nhiéu khodng tap giau Fe, Si0,, Al,03, sét. Cac
yéu to nay lam tang chi phi thudc tuyén, gidm hiéu
qua chon riéng va dac biét gay khé khan khi x ly
slam min.

Khi 4p dung quy trinh tuyén ndi khong khi
slam mang lai thwc thu Zn cao hon & moi chi phi
thuéc tip hop so véi khir slam, dong thoi gitp so
d6 cong nghé don gian hon. Tai chi phi t6i vu 1000
g/t, thuc thu Zn dat 80,74% (ham lwong 15,44%),
cao hon so véi phwong an khir slam. Tuy nhién, do
bun min &nh hwdng manh téi qua trinh ndi, cin b
sung thudc phan tan Sep-X (500 g/t) dé pha két tu
hat min, tao huyén pht 6n dinh va han ché hién
twong bam dinh khéng chon loc.

Trong khau de chim, Tan-X (500+600 g/t)
cho hiéu qua cao khi dé chim khoang tap chira sit,
silic va mangan, giip nang cao tinh chon riéng,
d6ng thoi than thién véi moi treomg hon cac



D6 Thi Nhw Quynh va nnk./Tap chi Khoa hoc Ky thudt Mé - Dia chdt 67(1), 118 - 130 129

thu6c dé chim truyén théng. Na,S déng vai tro
kich dong khoang oxit kém, bién bé mat ching
thanh trang thai twong tw sulfua, tir d6 tang kha
nang hip phu thudc tip hop va nang cao hiéu suit
néi. Ngoai ra, Na,S con c6 kha ning khir va két tia
cac ion Fe®** trong bun duéi dang Fe(OH); hoic
FeS nham: (1) Gidm su canh tranh hap phu thudc
tap hop gitta kho4ang kém va khoang chira sit; (2)
Han ché qua trinh “tao mang sat” trén bé mat hat
kém, vén lam tinh néi va (3) Gop phan cai thién
tinh chon riéng va giam tiéu hao thudc tuyén. Sw
phoi hop Na,S _Tan-X _Sep-X tao nén hé thudc
dbng b, vira xt ly tot dnh hwdng cta slam, vira
tang kha nang thu hoi Zn.

May tuyén ndi TankCell cho phép thu dwoc
thwc thu cao hon & chi phi thudc tAp hop thap hon
(900 g/t), dong thoi chi can 1 1an tuyén tinh dé dat
ham lwong ~21,75% Zn, trong khi may co gi¢i cin
2 1an tuyén tinh méi dat ~21,18%. TankCell con
c6 kha ning gom quing vao mot san phim trung
gian duy nhat, gitip rat gon quy trinh, gidm chi phi
van hanh va phu hop véi xtt Iy quang nhiéu slam.

Nhuw vay, giai phap céng nghé tuyén ndi khong
khir slam, két hop hé thudc Na,S - Tan-X - Sep-X,
dwoc xac dinh la phi hop dé xtr Iy quang oxit kém
mo Cho Pién c6 ham lwgng Zn thip va nhiéu slam
min. Trong dd, Na,S kich dong khoang oxit kém,
khtr va két tha cac ion Fe** trong bun; Tan-X (rc
ché khoang tap chira Fe, SiO,, Mn, ning cao do
chon loc; Sep-X phan tan bun min, 6n dinh huyén
pht va han ché hién twong bam dinh khéng chon
loc. Két hop véi viéc sit dung mdy tuyén ndi
TankCell gitip rut gon so d6 cong nghé, giam tiéu
hao thudc tip hop, ting thwe thu va ning cao hiéu
qua tuyén doi véi quang nhiéu slam.

Can tiép tuc nghién ctru t6i wu héa sw két hop
gitra thudc tao bot, thudc phin tan va thudc tip
hop trong hé TankCell; Danh gia hiéu qua kinh té
- mdi trwong khi thay thé hoan toan hé dé chim
truyén thdng bang Tan-X va Sep-X va nghién ctru
b6 sung cac budc xir Iy slam min than thién moi
treong nham gidm tiéu hao thudc tuyén va cai
thién chit lwgng quang tinh.

Pong gop cua cac tac gia

D6 Thi Nhw Quynh - phwong phap luén, viét
ban thao bai bao, lam thi nghiém, phan tich va xtr
ly s6 liéu; Pham Van Ludn - phwong phap luan, viét

ban thdo, phan tich danh gia s6 liéu, kiém chirng,
viét nhan xét, chinh stra va bién tip; Lé Viét Ha -

thuc hién cac thi nghiém tuyén, gia cong va phan

tich so liéu.
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