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KHOA HOC VA CONG NGHE mo

MﬂT S0 KET OUA UNG DUNG CHE PHAM NANO SAT
XU L§ NUGC THAI & NHIEM KIM LOAI NANG
TRONG KHAI THAC THAN, KHOANG SAN

+f

LE BINH DUONG, NGUYEN QUOC THINH

Vién KHCN Mo-Vinacomin

LE THI MINH HANH - Trwrong Pai hoc Mé-Bia chit

1. Dic didém tinh chat nwéc thai mé va hién
trang cdng nghé xir ly nwéc thai trong nganh
khai thac than, khoang san tai Viét Nam

Nganh khai thac, ché bién than, khoang san

“hién dang ap dung hai hinh thirc khai thac 16 thién

va ham 16. Khai thac 16 thién thudng tao ra cac hd

~ moong sau so va&i dia hinh ty nhién cta khu vire,

nguon nuoc chay vao moong bao gom nudc ngam
va nuwéc mwa Khai thac ham Io tao ra cac duwdng
16 di sau xuong long dét, nguon nuwée chay vao
ham 16 chi yéu la nuwdc ngdm tham ra. Dé khai
thac dwoc than can thuc hién bom thoat nwoc ra
khoi khu vire, tlr @6 xuét hién nwéc. thal mo.
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H.1. Luu lwong nude thai mo phat sinh
dién bién tr ndm 2012 dén nam 2014

Nwdce thai mé than thwong co tinh axit va ham
lweng kim loai (chi yéu la Fe, Mn) cao nguyén
nhan la do trong cac mé than déu co pyrit (FeS,) di
kém. Nwoc thai phat sinh tlr nganh cong nghiép
khai khoang (Fe, Cu, Zn, Pb, Sn,...) chl yéu t cac
cong doan sau: khai thac, tuyén thd va tuyén tinh.

Email: leduong80@gmail.com

Déi voi nwdc thai ghét sinh tlr hoat déng khai thac
(nwoe riva tréi tr bé mat khai trwdng) hién nay chu

yéu duoc thu gom, xt ly bang cac hd lang truéc

khi thai ra moi treong. Nwde thai tuyén thd duoc
thu gom vao céac hé lang, hé thai quang dudi (hinh
thanh chi yéu béng dép dap chan) dé tudn hoan
tai st dung, khong thai ra ngoai. Hién tai, chi co
nwéc thai tr qua trinh tuyén tinh-luyén kim thuéng
c6 ham“lwgng kim loai ndng cao, ¢¢ tinh axit can
phai x& ly dat QCVN trwdc-khi thai vao méi tredng.

2012
2011

2010

0% 20% 40% 60% 80%
E Vung Cam Pha = Viung Hon Gai

.100%
1Ving D.Triéu - U.Bi

H.2. Ty Ié phat sinh nwoc thai imo fai cac vung
khai thac than tir ndm 2012 dén ndm 2014

Hién nay, nganh than c6 khodng 40 tram x ly nwéc
thai mé theo cac nhém cdng nghé chinh nhw sau:

> Nhom 1: trung hoa bang sira voi — Keo ty —
Lang (l&ng ngang hoac ladng ding). Nhém coéng
nghé nay chd yéu ap dung cho nwéc thai mé co
tinh axit, ham lwgng TSS, Fe vwot quy chuan cho
phép, tuy nhién ham lwong Mn twong déi thAp nam
trong gidi han cho phep;

» Nhém 2: trung hoa béng sira voi — Keo tu —
Lang (lang ngang, I&ng dng hodc lamella) = Loc
Mangan bang binh loc ap lwc. Nhém céng nghé
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nay co thé xi ly triét d& nwéc thai cé tinh axit, ham
lwgng TSS, Fe, Mn cao vuot giéi han cho phép.
Tuy nhién, cdng nghé& nay cé nhuwoc diém tiéu tén
nhiéu dién nang cho khau loc ap lwe dé xiv Iy Mn,
dan dén chi phi xt ly twong déi cao;

» Nhom 3: trung hoa bang sira voi — Keo tu —
Lang (l&ng lamella) — Loc Mangan bang bé loc
trong lwc. Cong nghé nay dang ngay cang duwgc
trng dung nhiéu cho x& Iy nwéc thai md, cé thé xor
ly trigt d& nwéc thai co tinh axit, ham lwong TSS,
Fe, Mn cao virgt gici han cho phép. Ngoai ra, cong
nghé nay cé wu diém la chi phi dau tw va van hanh
thap, thuan loi trong cai tién, mé rong hé théng;

» Nhém 4: keo tu — Léng | (lang ding) —
Trung hoa & Oxy hdéa — Keo tu — Lang Il (lang
dieng) — Ha pH béang axit H,SO,. Céng nghé nay
méi dwoc ap dung tai Tram x& ly nwéce thai khu
vuc Trang Khé-Héng Théi do MIRECO thiét ké,
day la tram x& ly ndm trong chwong trinh hop tac
vGi Han Quéc clia TKV. Hé théng xt Iy nay dang
trong giai doan van hanh thir nghlem nén chwa cé
danh gia cuy thé vé hiéu qua xt ly, chi ph| ¥an
hanh, tinh én dinh;

> Nhém 5: céng nghé dam lay sinh hoc
(Wetland) Day la cong nghé khéng st dung dén
héa chat @& x& Iy ma tan dung dwoc cac phan ung
hoa hoc va sinh hoe xay ra trong tw nhién dé xd ly
nwac thai moé voi chi phi duy tri thAp. Céng nghé
nay pht hgp véi lvu lweng nwéce thai nho, tinh chat
on dinh, va hién méi chi dwoc nghién clru ther
nghiém duy nhét tai ving Déng Triéu-Udng B.

Do voi nhing ngudn thai c6 ham lrgng kim loai
nang cao (chl yéu tlr cAc nha may tuyén khoang,
nha may luyén kim) cong nghé ap dung la tang dan
d6 pH bang Ca(OH), d& kht cac kim loai ndng — Keo
ty — Lang (I&ng lamella) — ha pH bang axit H,S0,.

Nuwéc thai mé khai thac va ché bién khoang san
¢6 ham lwgng céc kim loai nang cao (Pb, Cu, Fe,
Mn,...), pH thap chi yéu tir qua trinh tuyén tinh
(luyén kim). M&c du mét s nha may da cé hé
théng xtr ly nwée thai hoan chinh, xt ly cac théng
s6 kim loai ndng dat QCVN nhwng cdng nghé phtrc
tap, tidu tén hoa chét va gia thanh x& ly cao. Do
do, viéc nghién clru (rng dung vat liéu méi dé xo ly
nwéce thai tlr qua trinh ché bién khoang san nhdm
gidm chi phi dau tw ban dau, chi phi van hanh va
van hanh don gian hon |a van dé cép thiét trong
nganh khai thac khoang san tai Viét Nam.

2. Pac diém va cong dung cia ché pham té
hgp nano kim loai héa tri 0 trén nén vat liéu
nano sat (NZVI)

Nhirng nam gan day, viéc nghién ciru va trng
dung céng nghé nano trong x ly nwéc nhan dwoc

XN conc nenize mo. so1- 2018

nhiéu sw quan tam v&i nhirng wu diém nhuw: Xt ly
t6t ngudn thai ¢ nhiéu tap chat kho xtr ly, dién tich
cong trinh x& Iy nhd, dé dang trong van hanh va
quan ly st dung. Hién nay trén thé gidi phd bién
hai xu hwéng vat liéu nano chinh, dé la: mang loc
nano va chét xdc tac nano.

Dai v&i nwée thai ham lweng kim loai ndng cao
(Fe, Mn, Cu, Pb,...), hién nay trén thé gi&i pho bién
véi hai dang vat liéu xt ly chinh: vat liéu hap phu

(kim loai hoa tri khdng va hgp kim cla né & dang, *

hda tri khdng) va mang loc nano.
Hién tai, mang loc nano dwogc (rng dung twong

ddi réng rai trong xtr ly nwéde thai cong nghé, nwéc:

thai sinh hoat va nwéc sinh hoat. Tuy nhién véi cac
tram xt ly quy md I&n, chi phi dau tw ban dau 1a
twong déi 16n, do cong nghé loc bing mang doi hoi
kha ndng kiém so&t chat ché, kha ning ty dong
héa cao, chi phi dau tw mang loc I&n.

Ngoai ra, chi phi van hanh la van dé can can

nhéc khi str dung cong nghé nay, do chi phi thay
thé 1on, thoi gian thay thé hé thong mang loc cung
phuc thugc rat nhidu vao tinh chat 8 nhiém cla
nguon thai.

Déi voi Ioal vat lieu hdp thu dwoc trng dung
ngay nay, co thé ké dén vat liéu nano sat hoa tri
khéng (NZVI - Nano-Zero Valent Iron). Sat hoa tri
khong la sat & dang kim loai nguyén t&. Cac hat

nano cla sat hoa tri khéng cé kha ndng khir cac .

phan t&r hiru co ¢d hai, khi tring va loai bé kim
loai nang trong nwéec.

S hiit thu

FeOOH

H.3. M6 hinh céu tao hat Sat nano va cac phén
tng khir xay ra trén bé mat ctia hat Fe° nano

Ché pham t& hop nano kim loai hda tri 0 trén
nén vat liéu nano sat (NZVI) véi kich thuoc
nanomet thi cac hiéu trng c6 lién quan dén bé mat
(hiéu (rng bé mat) sé tré nén .quan trong 1am cho
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Size distribution (%)

tinh chéat clia véat lidu cé kich thwéc nanomet khac
biét so v&i vat liéu & dang khdi. Khi kich thwdc cla
vat chét tr& nén nhd hon tai kich thwéc nanomet,
cac dién tlr khéng con di chuyén trong chét dan dién
ma biéu hién ra & dang “séng”. Kich thuwac nhd dan
dén nhivhg hién twong lwong t& méi va tao cho vat
chét cd thém nhitng dc tinh méi 1am bién déi cac
chét doc hai trong nwéc thai dwoc chuyen thanh cac
chét it doc hon va tach ra khdi nude.

Bang 1. Thanh phén dinh luong caa ché phédm
t6 hop nano kim loai héa tri 0 trén nén vét liéu nano
sat (NZV1) .

Ne | Théng s6 |DBon vi| Té hop nano st (NZVI)
-1 |Sat mg/| 8.060,93

2 |INhém mg/| 229,55

3 |Canxi mg/l 7.205,63

4 [Magie mg/l 518.57

5 |Silic mg/| 55.654,67

6 |Mangan mg/| 99.375,00

7 |Kém mg/| 312,90

8 |Kali mg/| 874,37

9 |Natri mg/l 1.895,63
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H.5. Anh TEM va phén bé nano sét theo c& hat (%)

Cong dung ctia ché pham nano kim loai héa tri
0 trén nén vat liéu nano sat (NZVI):

» Han ché téi da mui hoi: cobng nghé st dung
vat liéu NZVI cé kha nang khir mui cao:;

> X Iy d& dang rat nhidu chat 6 nhidm déc hai:
XCe.ly nwée bj & nhiém BOD, COD, Ni to, Phét pho,
cac kim loai nang nhw: Chi, Asen, Crom,..

» Khéng chiu anh huong ctia moi truong vat
liéu NZVI khéng bi &nh huéng béi cac yéu cau
sinh hoc vé chét dinh duéng, nhiét do phu hop va
axit thap. Cling nho kich thuéc nhé hon 10+1000
lan so vOi hau hét cac loai vi khuan, cac tinh thé
sat c6 thé di chuyén dé dang gilra cac. hat dat,
khéng bi ket lai;

» Thoi gian lvu dong nuéc nhanh: khong mét
thoi gian nudi cdy vi sinh vat, vat liéu NZVI sé phan
rng tryc tiép voi cac chat doc hai tao thanh chét
khéng doéc.

3. Két qua nghién ciru trng dung ché pham
ché pham nano kim loai héa trj 0 trén nén vat
lieu nano sat (NZVI) trong xt ly nwéc thai co
ham lweng kim loai nang cao

Két qua nghién ctru anh hu=cmg cla pH va thoi
gian phan ng dén hiéu qua xt ly Fe, Mn, Cu, Pb
bang tb hop nano kim loai hoa tri 0 trén nén vat liéu
nano sat (NZVI) dwgc trinh bay tai cac biéu dd
1+12 (H.6).
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H.6. Két qua nghién ctru énh hudng ctia pH va thoi gian phan tmg dén hiéu quéa
xtrly Fe, Mn, Cu, Pb bang t6 hop nano kim loai héa trj 0 trén nén vét liéu nano sat (NZVI)

Két qua nghién clru cho thay véi ham lwong
nano kim loai hoéa tri 0 trén nén vat liéu nano sat
(NZV1) 0,01 ml/lit nwrore thai kha nang xd ly cac kim
loai nang co trong nwdc thai nhw sau:

> Khi pH=6,5, hiéu suat xr ly cac kim loai Fe,
Cu, Pb dat khoang 47+78 %. V&i ham lwong cac

m CONG NGHIEP M0. SO 1 - 2018

kim loai gép 2 1an tiéu chuén cho phép, sau khi qua
qua trinh xt ly, Iuo’ng kim loai con lai trong nwéc
gan nguwéng tiéu chuan cho phép QCVN 40:2011-
BTNMT (B). Tuy nhién khi tding ham Iwong kim loai
trong nwéc 1én gap 4, 6, 10 1An QCVN, mac du
hiéu suat xt ly tang, nhung Iwong kim loai con lai
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trong nwéc déu vuot QCVN. Béi véi Mn, & pH=6,5
kha nang xdr ly la khong dang ké, ham lwong Mn
con lai trong nwéc gan vai Iucyng Mn ban dau;

» Khi pH=7,3 kha nang xt ly cac kim loai Fe,
Cu, Pb vé&i cac ham lwong gap 2,4,6,10 1an QCVN
kha t6t, Hiéu sudt xt ly dat trén 90 %, ham Iuang
kim loai ndng con lai trong nwéc thdp hon nhiéu
QCVN 40:2011-BTNMT (B). Tuy nhién, déi véi Mn,
voi cac mau thi nghiém, hiéu suat x& Iy Mn dat
12+36 %, ham lwgng Mn con lai trong nuwéc khong
dat QCVN;

» Khi pH=8,5 kha nang xt Iy cac kim loai Fe,
Cu, Pb voi cac ham lwong gép 2,4,6,10 l1an QCVN
twong tw nhu khi pH=7,3 hiéu sudt xt ly dat trén
90 %. Doi véi mangan, hiéu sudt xtr ly dat tir
66+85 %. V&i cac ham lwong ban dau Mn la 2+6
mg/l, lwong Mn sau xt ly con lai trong nwée dat
QCVN 40:2011-BTNMT (B). Tuy nhién, khi. Mn=10
mg/l, lwgng Mn sau x ly con lai trong nwéc dao
dong tir 1,5+1,8 mg/l viegt QCVN;

» Tt cad cac mau thi nghiém dwec chon thoi
gian phan LPng lan lwot 1a 10, 20,30,60,90 phat.
Theo két qua phan tich, thdi gian phan tng t6i wu
khoang 10 phat, v&i cac thoi gian phan (ng dai

hon, lwgng kim loai ndng con lai trong nwée twong
tw th&i gian phan (rng 10 phut;

> Tat ca cac mau thi nghiém dwoc thir mire tiéu
hao nano kim loai héa tri 0 trén nén vat liéu nano
sat (NZVI) lan lwot 1a 0,005 mi: 0,01 ml; 0,015 ml;
0,02 ml/lit nwoc thai. Theo két qua thi nghiém, ham
lwgng nano sat toi wu can dé& x& ly nwoc thai co
ham lwgng kim loai ndng cao 1a 0,01 ml/l nwéce thai.

Qua qua trinh thi nghiém trong phong thi
nghiém v&i cac cac mau don 1é (gébm cac théng sb
Fe, Mn, Pb, Cu), ching t6i da xac dinh dwoc céac
théng sb tbi wu sau trong qua trinh x( ly nwéc thai
¢6 ham Iwgng kim loai nang cao:

> pH dé phan &ng xay ra téi wu 1a 7+7,5;

> Thei gian toi wu dé phan (ng xay ra khoang
10 phut;

» Lwong nano sat téi wu can sl dung dé xi ly
nwéce thai cé ham lweng kim loai ndng cao 1a 0,01
ml/l nwée thai.

Véi céc thong sb nhw trén, ching téi tién hanh
thtr nghiém v&i cac mau téng hop cac chi tieu kim
loai néng (Fe, Mn, Cu, Pb) va méu nwéc thai thwe
té tai cac md khai thac va ché bién than-khoang
san.nhw (Bang 2).

Béng 2. Thong s6 dau vao cac mau nwoc thai tai mot sé don vj khai thac than va ché bién khoang sén

Théng bom CL +200| Ctra hao Céng ty KLM Thai Nguyén | ME?IAJ thl'z QCVN (B)
Ne b " \/;12 TK||“ ‘+40 ' Nuéc thai khu Nwac thai khu | hghiém to | 40:2011/
Hong Thai  Béo Nai | e san xuét axit | vuc dién phén hop BTNMT

1| pH - 4,8 5,6 3 2 3 5,5+9

2| Fe | mg/l| 67,625 12,561 225,155 140,174 50,085 5

3| Mn | mg/l | 21,465 2,552 23,964 5,569 10,117 1

4] Pb | mg/l | 0,0057 0,0044 4,278 3,558 4,891 0,5
15] Cu | mg/l| 0,520 0,429 1,351 19,159 19,851 2

Nguén: Mau phén tich tai phong thi nghiém méi truéng - Vién KHCN M6, ngay 2+10/11/2016

Béng 3. Két qua thi nghiém v6i cac méu thuc té khi st dung nano sét dé xi Iy nuwoc thai c6 ham luong

kim loai ndng cao

R CL+200 [~. . Céng ty KLM Thai Nguyén Mé&u thi |[QCVN (B)
Ne Ths%ng Dﬁn V12 TKII Cﬁ’]ﬁﬁ;“o Nué’cthgémhu Nu’éfgc]: t)r/wéi khu | nghiém t6 | 40:2011/
. |Hong Thai virc san xuat axit | vwe dién phan hop BTNMT
1| pH | - 7.3 7.3 7.3 7.3 7.3 5,5+9
12| Fe [ mgn| 0615 0,425 0,738 0,552 0,451 5
3| Mn [ mg/l | 5272 0,634 6,185 0,836 1,627 1
4| Pb | mg/l - - 0,142 0,128 0,112 0,5
5] Cu | mgn| 0,132 0,168 0,216 0,391 0,385 2

Ngudn: Mau phén tich tai phong thi nghiém méi tfruong - Vién KHCN M@, ngay 14+15/11/2016

' Két qua thi nghiém trinh bay trén Bang 3. So
sanh Bang 3 va Bang 2 cho thay: khi si dung tb
hop nano sat héa tri 0 (NZVI) v&i pH trung tinh
(7+7,5), phu hop dé x{ ly c4c kim loai néng Fe, Cu,

Pb. Cac kim loai nay sau khi dwgc xtr ly vai hiéu
suat kha cao (>90 %) va dat QCVN 40:2011-
BTNMT (B). Déi véi mangan, véi pH=7,3 hiél suét
xr ly dat khoang 40 %, ham lwgng mangan con lai
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vugt QCVN. Dé x(r ly triét & mangan trong nuwéc
thai, tiép tuc tien hanh thlr nghiém v&i pH=8,5 voi

méau tb hop Fe, Mn, Cu, Pb, lwong Mn Ian luot 13

2:4;6;10 mg/l. Két qua thi nghiém trinh bay & Bang 4.

Béang 4. Két qua thi nghiém v&i méu t6 hop khi st dung nano st dé xd Iy nuée thdi cé ham luong klm

loai ndng cao

" Thang | Bon Fe (50 mg/l), Cu (20 mg/l), Pb (5 mg/l) Cig\él(\)l1(1l?;)
sO Vi Mn (2mg/l) | Mn (4 mg/l) | Mn(6mg/l) | Mn(8mg/l) | Mn (10mg/l) | ormT :

1| pH - 8,5 8,5 8,5 8,5 8,5 55:9 °

2| Fe |mgl 0,415 0,413 0,420 0,425 0,408 5

3| Mn | mg/l 0,615 0,682 0,785 1,038 1,502 1

4| Pb | mgl/ 0,185 0,192 0,178 0,194 0,205 0,5

5| Cu | mgl/l 0,382 0,375 0,391 0,395 0,386 2

Ngudn: M&u phan tich tai phong thi nghiém méi truong - Vién KHCN MG, ngay 16+17/11/2016

Khi nang pH I&n 8,5 dbi vé&i nhitng mau c6 Mn
<6 mg/l, lwgng Mn con lai sau xr ly dat QCVN, tuy
nhién khi lwgng Mn trong nwéc thai Ién, sau xi ly
Mn con lai trong nudc khéng dat QCVN dé thai ra
moi trwdng. Do d6 trong quy trinh x& ly nwéce thai
co6 ham Iuang kim loai néng cao, co 2 phu’omg an
dat ra dé xr ly triet d& mangan dé la:

» Nang pH Ién 11+12 nhw cac hé thong Xt ly
hién tai, khi d6 cong nghé sé phuc tap va tiéu ton
hoa chét:

» Sk dung nano sat hoéa tri 0, néu lwgng
mangan dau vaonhé hon 5+6 mg/l dinh lwong
pH clia nwéc thai tir 7+7,5. Néu mangan 'dau vao
>6, dinh lwong pH cla nuwéc thai dén 8,5 sau
qua trinh ly bwéc 1, toan bd nudc thai sé dwoc
dan qua bé loc bang cat mangan oxit dé& loc gil
lai mangan cling nhw lwgng can con lai, nwéc
thadi dau ra dat QCVN 40:2011-BTNMT(cong
doan loc bang cat mangan oxit twong tw nhw quy
trinh céng nghé x&r ly nwéc thai ctia nhém 3
dang ap dung trong TKV).

4. Pé xuat so d6 céng nghé xi¥ ly nwéc thai
mo c¢6 ham lweng kim loai nang cao

Qua trinh nghién clru thdr nghiém ché pham té
hop nano kim loai héa trj 0 trén nén_ vat liéu nano
sat (NZVI) dé x& ly nuwdc thai tr hoat dong ché
bién khoang san cé ham lweng kim loai ndng cao
(Fe, Mn, Cu, Pb) cho thdy: Ché& phdm nano sét
(NZVI1) xtr ly dwgce nwde thai clia cac nha may kim
loai mau nhw kém, thiéc, déng véi ham lwong céc
kim loai nang Fe, Cu, Mn, Pb cao, Iu’omg nwée thai
can x ly khoang 1000+1500 m*ngay dém. Ché
pham nay sé& x( ly hiéu qua cac kim loai nang, phi
hop voi cong nghé hién co, va gidm thiéu chi phi
héa chét so véi hién tai. Chung toi d& xuét cai tién
so db cong nghé dé xi ly nwdc thai md cd ham
lwong kim loai nang Fe, Cu, Pb, Mn cao tai céac
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nha may kim loai mau hién c¢é nhw H.7.
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H.7. So do cong nghé xir ly nuoc thai mé
c0 ham lwong kim loai ndng cao -

Khi @ap dung ché ph&dm nano sat cho hé thdng
XU ly nuwée thai chia cac nha may kim loai mau nhw
kém, thiéc, ddng v&i ham lwong cac kim loai nang
Fe, Cu, Mn, Pb tao trong nganh khai thac than-
khoang san, cong nghé xt ly twong tw nhw nhém 3
(trung hoa bang siva voi — Keo ty — Lang (idng
lamella) — Loc Mangan bang bé loc trong lwc) co
b sung ché pham nano sat. Do d6, chi phi van
hanh dé xw ly 1 m nwée thai wéce tinh khoang
(2800+4000 dong/m® nwac thai).
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5. Két luan

Qué trinh nghién clru ¥ng dung ché pham
nano sat dé x& Iy nwéc thai cé6 ham lwong kim
loai nang cao da xac dinh dwgc tinh kha thi cla
viée wng dung cac ché pham nano sat dé xo ly
nguon nwédc thai co ham lwong kim loai nang
cao trong nganh khai thac than-khoéng san, gop
phan xr ly triét d& cac kim loai nang trong nwée
thai“trwdc khi thai ra moi tru’ong Ché pham
nano s&t (NZVI) phu hop dé& xt Iy nwéc thai cha
cac nha may kim loai mau nhw kém, thiéc, dbng
voi ham luvgng cac kim loai nang Fe, Cu, Mn, Pb
cao, deng nwdc thai can xd ly khoang 1000
+1500 m®/ngay dém.

Vigc rng dung ché phadm nano sét trong XUp Iy
nwéc thai cla cac nha may ché bién khoang san
trong nganh than-khoang san sé x ly hiéu qua cac
kim loai néng, giam thiéu chi phi héa chat va van

‘hanh don giégn hon so v&i hién tai.d
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SUMMARY

The study of the application of new materials
(iron nanomaterials) in mining wastewater
treatment is necessary. The results of

application of iron nanomaterials showed that
the treatment of heavy metals such as Fe,
Cu, Pb, Mn in waste water is relatively good.

The content of heavy metals after treatment
is much lower than QCVN 40:2011-BTNMT.
Research on the application of iron

- nanomaterials will contribute to minimize
chemical wastes, simplify the operation of the
treatment system, save initial investment
costs and the costs of operating the mine
wastewater treatment system.
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SUMMARY

The paper presents the results of |

ovative thermal model far Induction motor |
. and Line start permanent magnet motor by |
. FEM analytical, simulation and experimental |
| method. The input parameters of induction |
| motor in this model are geometry parameters |
| and working condictions. The Motor-CAD was |
| used to calculate temperature distribution. An {
| experimental and test hardware has applied for |
E IM 11kW-1500 rpm. The simulation method is |
. also for three phase-small power asynchronous |
. and Line start permanent magnet motor.
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