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Tém tat: NuwGe thai ham lo mé than Mao Khé duoc xirly bang phuong phéap héa ly dat mirc B theo QCVN
40:2011/BTNMT sau dé xa ra ngudn nuée bén ngoai. Tuy nhién, dé nghién ciru tai str dung lai loai nwrée
thai nay vao muc dich cép nuwée sinh hoat cho eéng nhan, mét mé hinh nghién cteu xi ly ndng cao bang
mang loc UF da duoc trién khai tai tram XLNT mé than Mao Khé. Két qua nghién ctiu trén mé hinh thi
nghiém cho thay céc chi tiéu TSS, ham lwong sét (Fe), mangan (Mn), sunphat (SO4), dé cing, ... trong
nuwée thai sau xik ly dap tng quy dinh QCVN 02:2009/BYT - Quy chuén ki thuét quéc gia vé chét long
nuoce sinh hoat. Nude thdi hdm 10 mé than sau khi xt ly bac cao bdng mang siéu loc UF c6 thé dung lam
nwoc sinh hoat cho céng nhan khu virc mé than.

Turkhéa: Nuée thadi hdm 1o mé than; mang UF; cép nwéce sinh hoat.

Summary: The Mao Khe coalmine wastewater is normally treated by physico-chemical methods to meet
the National technical regulations QCVN 40:2011/BTNMT (category B) before discharing into water
bodies. However, for study on coalmine wastewater treatment for workers' reuse, an advanced treatment
pilot using UF membrane has been installed and tested at Mao Khe coalmine wastewater treatment plant.
The research showed that TSS, iron (Fe), manganese (Mn), sulphate (SO4), hardness, ... in effluent
wastewater affer UF membrane treatment met the requirements of QCVN 02: 2009/BYT - National
technical Regulation on domestic water quality. This also means Mao Khe coalmine wastewater can be
used as domestic water for workers upon advanced treatment by UF membranes.

Keywords: Coalmine wastewater; UF membrane; domestic water supply.
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@ 1. Gi¢i thiéu chung
Mao Khé |a mé khai thac than ham 16 1&n thudc Tap doan céng nghiép Than - Khoang san Viét Nam,
nam trén dia ban huyén Déng Triéu, tinh Quang Ninh, c6 san lwgng khai thac theo thiét ké khoang 2,5 triéu
tAn/nam. Hién nay muec khai thac trung binh tr 1,8 - 2,0 triéu tAn/nam. Nwée thai hdm 1o md than Mao Khé
hinh thanh ti 2 giéng khai thac: giéng d6 sau cét - 25 m va cbt - 80 m véi lwu lwgng thay déi theo didu kién
thovi tiét va Ién nhét 1a 1.800m3/h, dwoc thu gom vé tram x( ly tp trung. Sau khi két hop suc khi tao diéu
kién oxy hoa Fe, Mn va bom dung dich stva véi Ca(OH)2 vao dé nang dé pH dat 7 - 7,5 tai bé trung hoa,
nuére thai dwoe xr Iy bang phwong phap keo tu - 1&ng tai cac bé 1dng dé tiép tuc x(r ly mangan tai cac bé loc
co vat lieu pht mangan éxit. Nwée thai sau x(r ly dam bao cac quy dinh mire B cia QCVN 40:2011/BTNMT -
Quy chuén k¥ thuat quéc gia vé nwée thai cdng nghiép va xa ra sudi Non Déng, sau dé dé vao séng Da Bac.
Theo dy béo clia Tap doan Than va Khoang san Viét Nam (TKV), tai khu virc Mao Khé nhu caucép
nwéc cho sinh hoat clia céng nhan cac mé trong khu v 1a 3.500 m*/ngay. Tuy nhién, kha niang cap nuéc
may tap trung cling nhw khai thac téi da ngudn nwéc mat va nwde ngam hién cé cling chi cung cap dugc
2.950 m3/ngay [1]. M&t khac, diéu kién cip nwdc dén cac ham 16 mo than rat khé khan. Vi vay, gidi quyét
van dé nwéc sinh hoat tai khu vire moé than Mao Khé la mét van dé cap bach va can thiét. Nwéc thai ham 16
maé than ciing dwo'c x(r ly va tai stk dung cho sinh hoat & nhiéu noi trén thé gidi [3].
'PGS. TS, Khoa Ky thuat Moi triong. Truong Bai hoe Xay dung. E-mail: hatd@nuce.edu.vn
*ThS, Khoa Ky thuat Méi trireng. Trong Bai hoc Xay dung.
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Hinh 1. So dé day chuyén céng nghé xtr Iy nuwéc thai hdm Io mé than Mao Khé

Loc qua mang siéu loc UF da duoc biét nhw [a mét qua trinh xar Iy nang cao dé tach kim loai nangva
céac chét & nhiém dac biét trong nwée ty nhién, ddm bao chat lwgng nuéc phi hop véi muc dich &n ubng va
sinh hoat [2,4]. Vi vy, mét mé hinh mang loc UF céng suét 1 m3/h dwoc Iap déat tai tram XLNT ham 16 mo
than Mao Khé trong thoi gian tir thang 7 dén thang 12 ndm 2013 dé nghién cru danh gia kha nang sir dung
UF trong viéc x(r ly tiép tuc nwée thai tlr mirc B cia QCVN 40:2011/BTNMT thanh nwéc cap cho sinh hoat
cuia cong nhan.

@ 2 Muc dich, mé hinh, quy trinh va phwong phap nghién ciru

2.1 Muc dich nghién ctru

Danh gia hiéu qua loai bd bang mang loc UF cac chat 6 nhiém con lai sau qua trinh x(r Iy hda ly trong
nwdc thai hdm 16 mé than Mao Khé dé dam bao chat lwong nwéc cAp cho sinh hoat ctia céng nhan theo
QCVN 02:2009/BYT - Quy chuan ky thuat quéc gia vé nwéc sinh hoat.

2.2 Mé hinh va quy trinh nghién ciru

Nwdée thai hdm |6 mé than Céng ty than Mao Khé sau khi x( ly hba ly béng cac phuong phap keo tu -
l&ng va loc, d@m bao yéu cau chat lwong xa thai ra ngudn nwéc mat loai B theo QCVN 40:2011/BTNMT
dwoc dwa vé thung chlra nwéc thai dau vao cla mé hinh nghién ctru hién trwéng. So' dd nguyén tdc mo
hinh nghién ctu qua trinh xC ly tiép tuc nwéde thai hdm 16 mé than béng phwong phap mang loc dwoc néu
trén Hinh 2.
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Hinh 2. So dé hoat déng ctia mé hinh mang UF hién truong

Nuwéc dau vao dugc bom qua bd loc so bd (loc soi, kich thuéce 16 rdng 1a 100 micron, c6 thé rira
nguwoc), sau d6 sé phan phéi déu trén cac 6ng dan vao modul mang siéu loc (UF). Mang st dung la loai
mang UF soi éng clia hang Mann - Hummel hoat déng theo nguyén tic loc chan vai cac dac tinh nhu: vat
liéu mang: PAN cai tién wa nwaoc, kich thwéce 16 mang: 0,01 - 0,1 um, dién tich loc danh nghia: 48 m*, kha
nang nuwéc loc qua mang (théng lwgng): 11 -72 L/m’.h (& 25°C), 4p suét diu vao téi da: 241kPa, ap suét loc
tbi da: 55 kPa. Cac thiét bj chl yéu khac ciia mé hinh |a may bom c&p nwéc |én mang hang Ebara (Y), loai
3S65-125/4.0, bom nwéc riva nguoc Ebara (Y), loai 3865 - 125/7.5 va may thdi khi Tohin (Nhat Ban).
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Hinh 3. So dé qua trinh loc qua modul mang UF

Dé nghién ctru hiéu qua x(r Iy cac chéat 6 nhiém cla mang loc UF so @b hoat déng clia modul mang
néu trén Hinh 3. Mot van diéu chinh lwu lwong cho phép duy tri lwu lwong nuwée cép ludn én dinh. Nuwdc sé
dwoc loc qua mang UF. Sau mét théi gian bé mat cac mang loc sé bj bam ban, luc nay van sé ty ddng mo dé
tang ap lwc bom dau vao nham duy tri leu lweng nwéc loc ludn én dinh theo théng sb da duoc thiét ké cai
dat sdn. Mot lwong nwéc cap sé dwoc tudn hoan tré lai bén chira nwéc cp hodc dwoc hoi vé phia nwéc
dau vao nho van & diu trén clia cac bd mang loc. Lwgng nwéc tudn hoan nay 6n dinh dé han ché chat ban
tap trung trén bé mat mang loc. Ciing gidng nhw nwéc cap, van diéu chinh sé duy tri lvu lwgng nwéc tuan
hoan én dinh.

Theo dinh ky, cac mang loc sé dugec rira ngwoc nho phwong phap két hop gitra viéc suc khi va st
dung nwée da loc dé rira ngwoc nham loai bé tat ca cac chat ban bam dinh trén bé mat mang loc. Hé théng
rira nguoc dugc két ndi voi bén chira nwée da loc va bom rira nguoc hodc ap lwe dong sén cé. Bom ria
nguoc dwoc thiét ké phi hop véi sé lvgng bd mang loc va tan suét rira ngwoc. Bom rira nguoc duwoc gan
vei thiét bi bién tAn nham duy tri tbc d6 rira ngwoc theo théng sé cai dat san. Nuéc riva nguoc dwoc dua tir
phia trén két hop cling v&i khi nén tir phia dudi sé lam cho cac mang loc rung ddng rat manh. Sy rung dong
manh nay sé lam bong tach cac chatban ra khoibé mat sgi mang loc. Lwgng nwéc ban nay sé dwoc xa bd.

Nhuw vay, v&i md hinh va quy trinh da néu co thé thuc hién noi dung nghién clru la: xac dinh hiéu qua
xU ly cac chéat & nhiém theo ham lwong chat rén lo Iting (TSS), d6 cing, sunphat (S042-), Fe, Mn... c6 trong
nuéce thai hdm Id mé than béng mang loc UF Gng véi 4p suét déng hoc qua mang va théng lvong nwée loc
qua mang cb dinh (20 kPa va 20 L /m2h).

2.3 Cac phwong phap phén tich

Céc chi tiéu chat lwong nwéce dwoc phan tich theo cac phwong phéap tiéu chuéan: TCVN 6492:2011
(ISO 10523:2008) Chét lwong nuwée - Xac dinh pH; TCVN 6625:2000 (ISO 11923:1997) Chét lwong nudéc -
Xac dinh chét ran lo Iteng bang céach loc qua céi loc sgi thuy tinh; TCVN 6177:1996 Chét lwgng nuwéc - Xac
dinh satbang phwong phap tréc phd dung thubc thir 1,10-phenantrolin; TCVN 6002:1995 Chét lwgng nwéc
- Xac dinh mangan - Phuwong phap trac quang dung formaldoxim; TCVN 6224: 1996 Chat lwong nwéc - Xac
dinh dé ctrng va TCVN 6200: 1996 Chét luvong nwée - xac dinh ham lweng sunfat.

Cac théng sb vat Iy clia mé hinh: ap lwc nwée trede va sau mang loc, ap suét khi nén, lwu lwong
nuéc loc qua mang duoc xac dinh bang déng hd do ap suét, luu lwong,... gén trén mé hinh. Cac chisé dac
trwng clia mang nhuw ti 1é nwéc thu hdi, hiéu suat xi ly,... dwoc xac dinh trén co sé tinh toan théng qua cac
sb liéu phantich va sé liéu do dac.

@ 3. Két qua nghién ctru xtr ly nwéc thai hdm 16 mé than bang mang UF trén mé hinh hién
trweng va thao luan

Sau khi xt Iy bang phwong phap keo tu - lang - loc, nwéc thai hdm 16 mé than Mao Khé dat mirc B
theo QCVN 40:2011/BTNMT va dwoc bom vé xr ly tiép tuc trong b& mang loc véi quy trinh hoat déng binh
thwerng theo ché do tw dong véi ap suétloc qua mang (P1 - P3) 1a 20kPa. Ap suét loc hodc lwu téc loc c6 thé
dugc diéu chinh bang bién tan. D4i véi théng sb chat rdn trong nuéc thai, hiéu qua xi Iy bdng mang loc UF
qua cac lan lay mau dwoc néu trén Hinh 4.
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Theo biéu db néu trén Hinh 4, sau qué trinh x& ly bang phwong phap héa ly qua cac céng trinh keo
tu - ldng va loc cat, ham lwong chét ran lo Irng con lai trong nwéc thai dao déng tir 16 dén 45 mg/L, phu
thudc vao ché dé van hanh céng trinh cling nhw chét lwgng nuée thai hdm 16 mé than bom vé. Sau qua
trinh loc qua bé mang UF, ham lwgng chét rén lo Irng con lai ndm & mirc 0,2 dén 4,8 mg/L, trung binh la 2
mg/L. Hiéu qua x( ly TSS trung binh bang mang loc UF la 93,5%. Nwéc thai sau x& ly bang mang loc c6
TSS ludn dam bao quy dinh ciia QCVN 02:2009/BYT - Quy chuan k§ thuat qubc gia vé nwéc sinh hoat (6
ducdudi5NTU, twong dwong TSS a5 mg/L).
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Hinh 4. Higu qua xt Iy UF theo TSS bang mang loc qua céc lan Iy méu
Theo bidu d6 Hinh 5, hiéu qua tach sat khéi nuwéc thai bang mang loc UF dat tir 60 dén 70%. Vi
ham lwong sat dau vao dao déng tr 0,3 mg/L dén 1,2 mg/L, trong d6 ham lwgng Fe(l1) chiém 25 - 30% (dao
dongtr 0,1 dén 0,35 mg/L), nwérc sau loc mang UF cé ham lwong séttir 0,1 dén 0,3 mg/L, luén nhd hon 0,5
mg/L, d&m bao quy dinh cia QCVN 02:2009/BYT - Quy chuén k§ thuat quéc gia vé nuwdc sinh hoat. Hiéu
qua xtr ly Fe trung binh bAng mang loc UF 1& 67 %.
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Hinh 5. Hiéu qua xi¥ Iy theo Fe bang mang loc UF qua céc Ian ldy méu
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Hinh 6. Hiéu qua xtr ly mangan (Mn) bang mang loc UF qua céc Ian lay méu
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Theo biéu db Hinh 6, mang loc UF cé kha nang tach mangan ra khéi nwéc thai. Ham lwong mangan
dau vao dao dong tir 0,7 dén 1,4 mg/L chi yéu dwdi dang Mn(OH), két tia khéng hoa tan va sau khi qua
mang loc, giam xudng con dwdi 0,5 mg/L.Trong 10 mau nwéde phan tich, ¢d 12 mau nwdce thai ham lwong
Mn nhé hon 0,3 mg/L, dap (rng quy dinh ctia QCVN 01:2009/BYT - Quy chuén ky thuat quéc gia vé nuéc
an ubng. Hiéu qua xC ly Mn trung binh bang mang loc UF 12 68%.
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Hinh 7. Ham lurong sunfat (S042) déu vao va dau ra qua cac lan ldy mau

Nwée thai hdm [0 mo than cd ham lwong sunfat cao. Sau qué trinh keo tu - Iéng va loc tai cac cong
trinh xt Iy truyén théng ham lweng sunfat trong nwéc thai gidm khéng dang ké. Tuy nhién, khiloc qua mang
UF, mét lwgng I&n sunphat dwoc gitk lai trén bé mat mang. Biéu db Hinh 7 cho thay ham lwgng sunfat dau
vao bd mang loc dao dong tir 100 dén 360 mg/L nhwng dau ra ham lwgng sunfat tir 60 dén 248 mg/L, ndm
trong gi¢i han cho phép theo quy dinh ciia QCVN 01:2009/BYT - Quy chuén k§ thuat quéc gia vé nuwéc &n
ubng (250 mg/L).
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Hinh 8. D6 cting trong nudc thai ddu vao va dau ra qua céc l&n 1dy mau

Dé clrng dwoc tinh theo ham lwgng CaCO, trén don vi thé tich mau. Nwéc thai hAm 16 mé than co
ngudn gbc nwéc ngdm, qua qua trinh keo tu lang va loc dwoc giam di mot phan. Tuy nhién, trong nwéc thai
dua vé bd loc mang, dd clrng trong nwée van con I6n (tir 280 dén 700 mg/L). Sau qua trinh loc mang do
clrng clia nwéc da gidm di dang ké. Do clrng clia nwde thai sau qua trinh loc mang UF dao déng tir 60 mg
CaCO./L dén 360 mg/L, ndm trong pham vi cho phép clia nuwée st dung cho sinh hoat (350 mg/L) theo
QCVN 02:2009/BYT - Quy chuén ky thuat quéc gia vé nwéc sinh hoat.

Téng hop két qua nghién ctru xt ly tiép tuc cac chét 6 nhiém trong nuwéc thai ham 16 mé than khu
virc Mao Khé qua bé mang loc UF trén mé hinh hién trwéng dwoc thé hién trong Bang 1. Trong qua trinh
bom va xr ly béng keo tu - 1ang - loc tai tram XLNT hdm 16 mé than Mao Khé do khéng dt oxy nén oxy hoa
sét va mangan dién ra chwa triét dé. Trong nuée dau ra cla tram XLNT con mét phan khéng nhé cac ion
Fe® va Mn*. Mang UF co hiéu qua x( Iy cac chat & nhiém chi yéu trong nuéc thai ham 16 mé than nhu Fe,
Mn,... dwéi dang mudi khéng hoa tan. Vi vay nwéc dau ra khdi mang UF vaAn con ham luwgng Fe trung binh
la 0,2 mg/L va ham lwgng Mn trung binh Ia 0,3 mg/L, nam trong gi¢i han cho phép ctia nwéc an ubng theo
quy dinh cia Té chirc Y té thé gi¢i. Ngoai ra, qua trinh loc mang UF ciing loai bd duoc cac phan tir chét ran
phan tan tinh nén nuéc sau loc c6 dd duc nhd, dam bao yéu cau nwéc sinh hoat. Hiéu qua xtr Iy cac phan td
khéng hoa tan (TSS, mudi sat, Mn,...) cao hon nhiéu so véi cac mudi hoa tan.
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Bang 1. Hiéu qué xtr Iy céc chét 6 nhiém trong nuwéc thai hdm 16 md than bang mang loc UF

m e
1 TSS 93,5 2

2 Fe 67 0,2

3 Mn 68 0,3

4 Dé clrng (tinh theo CaCO,) 52 200

(5 Sunfat (SO,*) 50 100

Nhuw vay, két qua phan tich cho thay phan |&én cac théng sé chat lwong nuéce sau loc bdng mang UF
déu dat yéu cau chat lwgng nwéc phuc vy cho sinh hoat theo QCVN 02:2009/BYT. Ngoai ra, nhiéu chi tiéu
chétlrong nwéc thai hdm 16 mé than sau loc mang UF dat dwoc gia tri cho phép ddi véi nwéc an udng theo
quy dinh cia QCVN 01:2009/BYT.

Ngoai ndi dung nghién ctru nay, theo ddi van hanh trén mé hinh trong théi gian 5 thang tir thang 7
nam 2013 dén thang 12 ndm 2013, thay rang dién nang tiéu thu cha yéu cho qua trinh bom cap nwdc 1én
mang la 1,2 kWh, cho may théi khi rira mang la 0,15 kWh va bom rira ngugc la 0,15 kWh (téng cong 1,5
kWh) cho 1 m® nuére san phadm. Trén mé hinh Hinh 1 cling c6 thé trién khai nghién clru hién twgng tac va
quy trinh phuc héi hoat ddng mang loc. Tuy nhién, trong khudn khé bai bao chitrinh bay két qua nghién clru
vé hiéu qua xtr ly triét dé cac chat & nhiém trong nwéc thai hdm 16 mé than dé phuc vu muc dich cap nwéc
sinh hoat cho céng nhan.

@ 4.Kétluan

Két qua nghién ctru trén mé hinh hién triéng cho thay nudc thai ham 16 mé than Mao Khé chéat
lwgng mirc B theo QCVN 40:2011/BTNMT - Quy chuan k¥ thuat qudc gia vé nuwéc thai cdng nghiép khi xtr Iy
tiép tuc béng mang siéu loc UF thi cac chitiéu TSS, Fe, Mn, sunfat, dé clrng,... trong nwée sau loc khéng
nhirng dam bao dwoc quy dinh cta nwéc sinh hoat QCVN 02:2009/BYT - Quy chuan ky thuat qudc gia vé
nuéc sinh hoat ma cac gia tri nay con nam trong pham vi cho phép dbi véi nwéc an udng theo QCVN
01:2009/BYT - Quy chuén k§ thuat quéc gia vé& chat lvong nwée &n ubng. Nwéde thai ham 1o mé than sau khi
xUr Iy tiép tuc badng mang siéu loc UF c6 thé dung lam nwée sinh hoat, déc biét la tdm rira cho céng nhan khu
virc mo than.
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