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Tém tat: O Viét Nam, cac quy pham phép lugt ciing nhu céc téc déng dén moi truong cta nuée thai hdm 1o
dang dinh huéng nganh cdng nghiép khai thac than phai tai str dung nwée thai cho muc dich sinh hoat. N&m
bét nhu cau dé, nhém nghién ctu trrong Dai hoc Xay dung (NUCE) da hop tac nghién ctru cing Téng céng
ty Mitsubishi Rayon (MRC) tir dau nam 2013 dé danh gia tiém nang cta viéc st dung mang vi loc cia MRC
trong day chuyén xtrly nurdc thdi mé than, ndng cao chét lgng nuwéce sau xirly dé tai strdung.

Tirkhéa: Tai strdung nuée thai; nuée thai hdm 16; mang vi loc.

Summary: In Vietnam, the local regulation and environmental impact of coalmine wastewater are driving
coal mining industry to reuse the large volume of wastewater it produces. The joint-research project
between National University of Civil Engineering (NUCE) and Mitsubishi Rayon Corporation (MRC) has
started in early 2013 to evaluate the potential of using MRC membranes for treatment of coal mine
wastewater for reuse purposes.
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@ 1. Gi&i thiéu chung

Nwére thai tlr ham 16 mé than (goi tat la "nwée thai mé") dwoe hinh thanh trong cac mé than sau trong
long déat, dac biet & nhirng noi ma cac md khdng hoat dong lién tuc va mwe nude ngé"lm khu vwe dé cao. Do
s tiép xuc clia cac khoang chat nhu sat pyrite (FeS,) va khoang chat sunfua véi 6xy va nwéc ngadm da tao
nuéce thai mé co tinh axit d4c thi [1]. Tinh chét d&c trung ctia nwée thai mé ¢o dé pH thap, dé dén dién cao,
néng dé cac kim loai sat, nhém, mangan va chét rén lo Iting cao, ngoai ra con cé s xuéat hién ca cac kim
loai nang déc hai khac [2]. Phwong phap xt ly nwdc thai mé than phd bién nhat thuéng 1a st dung phwong
phap hda hoc vavat ly nhw st dung qua trinh oxy héa cac kim loai, keo tu phan irng va Iéng cackimloai, cén
bén [3]. Cac tac nhan éxy hoa thuéng duoc sir dung la hydrogen peroxide (H,0,), calcium peroxide (Ca0,)
va ozon, trong dé str dung ozon la chat oxy héa hiéu qua nhat dé dat dwoc qua trinh oxy héa nhanh chéng
va day da, tuy nhién, chi phi x( ly kha cao [4]. Ngoai cac phuong phap hda hoc, phwong phap sinh hoc st
dung cac loai vi sinh vat (vi khuan, dong vat nguyén sinh dé& thu héi kim loai cing da dwoc chirng minh la céd
hiéu qua tét trong cac cudc nghién ctvu gan day [5,6,7]). Cac céng nghé xUr ly bang phwong phap sinh hoc
da dwoc chirng minh la ré hon so v&i cong nghé x ly khac, tuy nhién cac &ng dung trong nganh céng
nghiép quy mé I&n dwdng nhw khdng kha thi do sw bat én cla vi sinh trong mot s diéu kién maéi trudng [3].
Vi vay, cac cong nghé khac dé x ly nwée thai mé cling dang dwoc nghién clru, quan tam nhw dién tham
tach (ED), viloc, thdm thu nguoc va trao ddiion [8].

O Viét Nam, nwée thai mé cé nhigu nhét & tinh Quang Ninh, noi c6 gan trdm mé than véity trong khai
thac than chiém 90% san lwong than cla ca nwéc. Khai thac than dem lai lgi ich kinh té va xa héi cho nguoi
dan Quéang Ninh nhwng cling cé6 mét tac déng khéng nhé dén méi truéng séng xung quanh. Theo béo céo
clia S& Tai nguyén va Méi trieong Quéng Ninh (2011), tdng lwgng nuée thai mé tir nganh cdng nghiép than
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dwoc xtr ly 1a 71021 m*/ngay, chiém 40,5% téng s6 nwdc thai tao ra. Do ap lwe bao vé méi trudng nwée bj 6
nhiém, hau hét cac nha may ché bién va khai thac than da phai cé hé théng x ly nwée thdi md. Tuy nhién,
viéc x ly nwéc thai mé tai cac mé 16 thién va mé da déng clra rét thap, mai chi dieng lai & mic 8,3% va
18,2% twong (rng. Dé dap (ng yéu cau dén nam 2015, 100% cac nha may c6 hé thong xt ly nwéc thai
nuére thai mé dat tiéu chuén trwwde khi thai ra méi treong (K& hoach hanh déng dén nam 2015), Tap doan
Céng nghiép Than - Khoang san Viét Nam (Vinacomin) da dau tw khodng 50 hé théng xtr Iy [9]. Trong ndm
2012, Vinacomin da khéi cong xay dwng 18 nha may x(r ly nwéc thai mé méi, trong doé c6 4 nha may xir ly
nwéce thai cho cac mo 19 thién va 14 nha may phuc vu cac mé da dong clra. Hai phwong phap xir ly chinh
dwocapdungla:

- Lang trong luc trong bé 1&ng, vi du tai mé than Mao Khé, mé than Vang Danh, Nha may Ché bién
than Hén Gai.

- Trung hoa/keo tu v&i CaCO, (da vdi) tai mo than Vang Danh, véi Ca(OH), & Na Duong va cac mo
than Mao Khé, véi Ca(OH), va POLIME A101 tai Ha LAm va cac maé than Khe Tam, Nha may Ché bién than
CtraOng...

Theo bao cao cla Vinacomin trong nam 2011 [10], hdu hét cac hé théng xt ly nwédc thai mé khéng
lam viéc hiéu qua do cac céng nghé xtr ly la twong dbi don gian va cac hé théng thuéng phai hoat déng
vt qua cong suat thiét ké. Déi vai mot vai nha may lam viéc hiéu qua, chat lweng nudc thai chi dap tng
QCVN 40:2011/BTNMT - loai B, khéng thé dap rng dwgc chat lwgng cho muc dich tai st dung nhw dap bui
mé than, nuéc sinh hoat (tdm rira) cho cdng nhan, nwéc riva trong nha may, twdi cay... trong khi diéu kién
cp nwée hién tai van con nhiéu kho khén tai nhiéu mé than.

Vi vay, dé giai quyét tinh trang 6 nhiém nuwéc & mé than va tang cwéng tai stk dung nwéde cho cac
muc dich, can thiét tién hanh nghién cru va dé xuat mét céng nghé thich hop cé thé dap rng tiéu chuén cho
tai str dung cho muc dich sinh hoat & cac mé than & Quang Ninh. Trong dw an nghién clru nay mang vi loc
(do céng ty MRC cung cép) da duoce st dung dé danh gia kha nang xt ly cho muc dich nay.

@ 2.96itweng vaphwong phap nghién ciru

2.1 Mang loc

Cac théng sé dac trwng clia mang vi loc dwoc mé ta tai Bang 1.

Bang 1. Dac diém clia mang vi loc trong thi nghiém

Théng s6 Don vi Dic diém
Vat liéu = PVDF
Kich thudc 16 réng um 0.4
Dién tich danh nghia m’ 0,07
Ap suat qua mang (TMP) théng thuéng - TMP + 15 kPa hodc nhé hon
Nhiét dd hoat déng théng thuwdng Co, 5-40
pH hoat déng thong thudng - 6-9

2.2 Nguén nwéc thai

Nuwée thai tir md than Mao Khé (mé & dé sau - 80 m) da dwoc chon dé phuc vu thi nghiém. Nuéce thai
nay dai dién cho nwée thai khai thac than tai Vit Nam véi do pH th&p, ham lwong Fe va Mn cling nhuw chét
ran lo Itrng cao (Bang 2).

Bang 2. Pac diém clia nudc thai hdm 1o tai Mao Khé

” Nhigt do DO cirng toan
Chi tiéu pH (°C) Fe(mgfl) | Mn(mg/l) | TSS(mg/l) | nin (mg CaCO./)
Mool | 338-580 | 272200 | 6,96:435 | 7,956350 | 28051371 866,8+265,1
s0 20
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Dwa trén dac tinh clia nwée thai nhw Bang 2, mé hinh thi nghiém dwoc dé xuat nhu trong Hinh 1. V&
co ban mé hinh gdm hai khéi céng trinh:

- Khdi cac codng trinh tién x(r ly gém co: Bé trung hoa, khéi bé trén - phan (ng - lang lamela va cét loc.
Khéi nay lam nhiém vu x( ly nwée thai mé dat tiéu chuén xa ra ngudn loai B (¢6 thé dén loai A) theo QCVN
40/BTNMT. Khéi cac cong trinh tién x( ly trong thi nghiém nay dwoc thiét 1ap giébng véi day chuyén xie Iy
nwdc thai mé dang dugc van hanh tai Mao Khé va cac nha may khai thac than khac tai Quang Ninh. B&
trung hoa lam nhiém vu nang pH clia nwéc thai lén mire pH khoang 7 - 8. Nude thai dau vao cla thi nghiém
duwoc lay tir sau bé trung hoa clia nha may Mao Khé. Khéi bé trén - phan (ng - l&ng lamela va cét loc hat
nhiéu I&p dwoc thiét ké véi cong suat 5 m¥ngd. Ngan trén co kich thwde Bx LxH=0,45x0,45x 1,0 m, ngan
phan (rng zic zaccokichthwocB xLxH=0,45x0,45x 1,0 m, chialam 3 vach ngan, khoang cach cac vach
nganla0,15m, ngan Iéng lamela kichthuwéecBxLxH=0,45x2x1,5m. Cétloc co kich thwére D200, cao 3,0
m gbm |&p catthach anh, day 1,3 ¢6 duwéng kinh D, = 0,9 mm, 16'p s6i d& D = 2-5 mmday 0,2 m.

-Béloc sl dung mang MF, v&i muc dich x(r ly bac cao dé dat yéu cAu tai st dung nwd&'c cho cac muc
dich sinh hoat. Mang dwgc nghién ctru la mang vi loc (quy md phong thi nghiém), lwu lwgng nuwdc qua
mang MF la khodng 20 lit/ngay. Nhdm danh gia hiéu qué x ly va tdc nghén trén mang loc, chang téi dat
mang trong bé mica kich thwéc Bx Lx H=0,15x 0,45 x 0,6 m, khéng tién hanh suc khi, diing bom nhu déng
hat nwée tie mang ra voi lwu lwong 201/ngd.

- Quy trinh xt& ly dwgc m6 ta nhw sau: Nudce thai (sau khi dwoc trung hoa d pH 7 - 8) da dwgc bom
vao bé phan (rng va keo ty cung véi liéu lwgng 30 mg/L cla polyaluminiumchloride PAC va 1ml/L cia
Ca(OH)2. Sau khi keo tu, nwére dwoce di sang ngan lang lamela, sau dé duoc lwu trd trong ngdn chiva trung
gian trwdc khi qua bé loc cat thach anh. Sau khi qua bé loc, nuéce tiép tuc dwoc loc qua modul mang vi loc
MF. M6 hinh thi nghiém dwo'c van hanh lién tuc trong 3 thang (tr thang 8 - 11/2013), méi ngay chay lién tuc 8
gi®v, sau dé dirng vi khéng c6 diéu kién kiém soat mé hinh vao ban dém. Mau nuéc thai & vi tri trueée va sau
khi qua bé loc cat va mang viloc dwoc thu thap mét 1dn méi tuadn va dwoc phan tich cac chitiéu Fe, Mn, Ca,
Mg, pH,TSS, SO4. Cacthéng s lwu lwgng, nhiétdg, pH, TDS va dé cirng dwoc phan tich hang ngay.
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Hinh 1. So' dé mé hinh pilot dét tai Nha may Than Mao Khé

Bén canh thi nghiém loc mang, nghién ctru vé tdc mang clng duogrc thue hién, dé tim nguyén nhan
gay tdc mang sau khi x& ly nwée thai mé. Cac phwong phap xac dinh nguyén nhan tic mang la dung may
phan tich quét qua kinh hién dién t& quét SEM (Model: SU - 1500, céng nghé cao cda Hitachi, Nhat Ban) va
may vi phan tich dung tia X - quang XMA (Model: S - 3400N, cdng nghé cao ctia Hitachi, Nhat Ban).

Mang bi tc sau d6 dwoc riva véi cac loai hda chat khac nhau nhdm xac dinh hoa chéat rira mang phu
hop nhat (Bang 3). Mang dugc trang rira voi nwdce tinh khiét sau khi ap dung méi loai héa chat, déng thoi
thue hién qué trinh loc mang véi nwée tinh khiét truére va sau khi mdi ché dé rira dé danh gia kha nang phuc
héi ciia mang. Ty 1& phuc héi dwoc xac dinh theo cong thike:

Ty I& phuc hdi = (Q, - Q)/Q;. 100% ™)
trong d6 Q,, Q; la lwu lwgng nuéc tinh khiét qua mang sau va trieére mdi ché do riva.
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Bang 3. Cac phuong phap rira mang duwgc ap dung trong thi nghiém

Phwong phap riva mang 1

Phwong phap rira mang 1

A) 0,3% NaClO trong 2 gior

E) 0,3% NaClO+1,5% Surfactant trong 2 gi&

B) 0,3% NaClO trong 24 gid sau giai doan A

F) 0,3% NaClO+1,5% Surfactant trong 24 gi¢or
sau giai doan E

C) 2% Citric acid trong 2 gi¢ sau giai doan B

G) 2% Citric acid trong 2 gi¢ sau giai doan F

D) 2% Citric acid trong 24 gi¢ sau giai doan C

H) 2% Citric acid trong 24 gi¢' sau giai doan G

(® 3.Kkétquavathaoluan
3.1 Hiéu qua loai bé chat gdy 6 nhiém

Phéan nay sé tap trung danh gia viéc x(r ly Fe va Mn, ngoai ra danh gia thém vé lwong cén lo Irng va
dé clrng. Chat lwgng nwéde sau xiv ly bdng mang vi loc sé duoc so sanh vai tiéu chuén dé tai st dung cho
muc dich sinh hoat. Do hién nay & Viét Nam chwa cé quy chuan quéc gia hay tiéu chuan ky thuat vé nwoctai
strdung, tiéu chudn quéc gia vé cip nwéc sinh hoat QCVN 02:2009/BYT clia Bo Y té duwoc tham khédo dé so
sanh. T Bang 4, co thé thay véi dau vao trung binh clia TSS 280 mg /L, gidm xuéng con gan 45 mg/L sau
khi tién xr ly, sau khi dwoc loc qua mang TSS ludn & mire dudi 2 mg/L. Téng dé cleng trong nwde giam
dang ké tir gan 900 mg CaCO,/L trong nwéc thai dau vao xudng con khoang 200 mg CaCO,/L trong nwdc
thaisau xtr ly.

Bang 4. Hiéu qua xir ly ding céng nghé mang vi loc

Chi tiéu Nuwéc thai Nwé}o:c sau Nwéc sau QCVN
dau vao bé loc loc mang 02:2009/BTY
Fe (mg/l) 6,96 + 4,35 0,98+1,1 0,06 + 0,06 0,5
Mn (mg/l) 95360 2102221 0,45 (2,55)* 0,3
TSS (mg/l) 2805+ 137, 1 443 +25.2 1,7+3,9 N/A
D cleng toan phan
(mg CaCO,/l) 866,8 + 265, 1 457,7 +138, 3 203,5+ 158, 4 350

* Gia tri & trong ngoac thé hién gia tri trung binh tinh d&n néng dé Mn cao bat thwéng vao cubithang 9
(sauhon 1thang van hanh) - Xem chi tiét & Hinh 3.
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Hinh 2. Hiéu qua loai bé Fe

sO 20
9-2014

Hinh 3. Hiéu qua loai bé
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Hiéu qua loai bd Mn va Fe dwoc thé hién cu thé trong Hinh 2 va Hinh 3. Tl db thi, ta thiy da c6 mét
su thay ddi l6n vé hiéu qua x(r ly sau ngay 30/9/2013 (tirc 1a sau 35 ngay thi nghiém véi nwéc thai). Dé la do
hai li do, thir nhat |a da cé qua trinh lam sach mang va thir hai la cé sw thay ddi vé vat liéu loc trong cét loc
nhanh trong lwrc. Viéc lam sach mang va st dung thém céat phd MnQ, la do hiéu qua x ly clia Mn sau hon
mot thang van hanh mé hinh da bj giam dang ké, néng dé Mn sau mét thang 1&n hon 9 mg/l. Tuy nhién, day
|a gia tri cao bat thwong c6 thé do nhiéu nguyén nhan, va khéng hoan toan |a gia tri dai dién (xem Hinh 3).
Do d6 trén Bang 4 ¢6 gia tri 0,45 mg/L 1a gia tri trung binh ctia Mn (véi diéu kién khong ké dén hai gia tri bat
thweng cudi thang 9). Sau khi thire hién hai qua trinh rira mang va thay vat liéu loc, hiéu suat khie, x& Iy Mn
gidm réd rét. Diéu dang cha y la khi chwa str dung cat phit MnO,, hé théng chi x(r Iy dwo'c Mn dén 0,5 mgl/L,
tuy nhién sau khi str dung cat pht MnO, thi cé thé xtr ly Mn thap hon 0,1 mg/L va duy tri duwoc mirc dd xtr Iy
th&p hon tiéu chuan trong subt thang thir 3 ctia thi nghiém.

Cé thé két luan so bd rang hé théng mang vi loc MF giup gidm néng dé Fe va téng dé cleng dé dap
(rng thanh céng cac tiéu chi qubce gia vé chét lwong nwée st dung cho muc dich sinh hoat. Tuy nhién, mang
MF dwéng nhw khéng cé hiéu qua trong viéc xt ly, kiém soat clia Mn hoa tan, dac biét la khi néng d& Mn
trong nwéc cao. Chi khi bd sung cat loc Mn trong bé loc nhanh trong lrc dé ha th&p néng do Mn trwée khi
tiép tuc xtr ly bdng modul mang viloc MF, hiéu suét kh(r Mn clia mang méiténg 1én.

3.2 Nghién ctru tic mang va nghién cteu lam sach mang loc

Két qua clia nghién cru lam sach (Hinh 4) cho thay sw két hop clia NaOCI - axit citric va chét hoat
déng bé mat c6 tac déng tdt hon so véi NaOCI va axit citric (khéng cé chat déng bé mat). Sw phuc hdi 100%
c6 thé dat dwoc voi sw két hop clia ca ba hda chat. Nguyén nhan co thé do trong nwédc thai hdm 16 c6 ton tai
mét sd hop chat diu va cac chat nay dinh bam 1&én bé mat mang, viéc bd sung cac chat hoat ddng bé mat
vao qua trinh riva mang gidp loai bé hoan toan cac chat gay tic nghén trén mang loc va gitp phuc héi gan
nhw hoan toan mang loc.

Ngoai ra, théng qua hinh anh SEM cla mat S .
cat ngang ctia mang loc cho thé_iy mang bi tac nghén .
c6 sw tich tu cla cac chat géy tac nghén trén bé mat ol —
va bén trong sgi mang. Cac 16 rong trén mang da bi ]
bit kin va gan nhw khéng thé quan sat dugc khi - * o
mang bi tAc. Tuy nhién, sau khi dwoc lam sach, cac g - I
16 réng cla mang da dwoc quan sat thay rd rang ™7
trong Hinh 5b. Diéu dé chirng té bé mat mang da > @
lam sach hoan toan béng sw két hop ba loai héa 30 -
chat NaOCI - axit citric va chat hoat déng bé mat. 20 D
SR 3 10
cml (LI
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Hinh 4. Hiéu qua qua trinh lam sach
theo 2 phuong phap gidi thiéu tai Bang 3

a) Trwoc khi lam sach b) Sau khi lam sach
Hinh 5. Hinh 4nh SEM maét cat ngang ctia mang loc

Qua phan tich XMA (Hinh 6), cé thé th&y s t&n tai, xuat hién clia cac nguyén té Fe, Mn, Al, Si, S, K,
O, F va Cd trén Iép bé mat ciia mang ban. Sy ton tai clia cac nguyén té nay co thé dworc gidi thich nhw sau:
O va F 1a nhitng yéu t6 cAu tao cia nhwa PVDF - chat liéu mang ctia MRC; Al va Si co thé lién quan dén dw
lwong chét keo tu PAC tir qua trinh keo ty. Sw tdn tai nhiéu nhat clia 2 nguyén té Fe va Mn da chirng minh
réng co6 mot swr tich tu clia cac ion nay trén mang, do d6 da lam giam n6ng dé Mn va Fe trong nwéc sau loc.
Ciing théng qua Hinh 6, sau qua trinh lam sach mang, da khéng con sw hién dién ctia cac nguyén td Fe, Mn,
Al, Si, S, Ktrén mang. D6 1a Iy do tai sao 16 réng trén mang da co thé quan sat dwoc va tinh thdm (kha nang
loc) clia mang d& dworc phuc héi 100%.
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a) Truoce khi lam sach b) Sau khi lam sach

Hinh 6. Hinh anh XMA ciia I6p bé mat mang

(@ 4.Kétquanghiénciru

Thi nghiém trén ba thang véi mang MF déi véi nwée thai mé than da cho mét sb két qua dang chu y
nhw sau:

- Cac cdng doan tién x ly "trung hda + keo tu/ tao béng + lang + loc bang vat liéu loc” déng vai trd
quan trong trong viéc hé tro mang MF loai bo cac chat ran va cac ion. Hé théng mang loc gitp dam bao chét
lwong nwéc dAu ra dd tiéu chuan cho muc dich tai st dung cho sinh hoat.

- Khi mang vi loc MF bj tdc nghén, dung NaOCI + dung dich axit citric + cac chat hoat déng bé mat 1a
lwa chon tét nhat dé lam sach mang.

- Mang MF cé thé |a mét Iwa chon cho cac (rng dung trong xi¥ ly nwéc thai mé than véi muc dich tai
st dung nwére tai Viét Nam. Tuy nhién, khi n6ng dé Mn trong nwére thai cao, can phaibd sung thém qua trinh
oxy héa Mn chuyén sau truédc qua trinh loc mang dé giam néng dé Mn hoa tan va dam béo hiéu qué loai bé
Mn clia mang va cé hé théng.
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