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(57) Sang ché dé cap dén quy trinh xtr Iy nuge 6 nhiém chira cac hop chat hitu co phan cuc
va/hodc khong phan cyc, va/hodc cac mudi ctia kim loai ning, va/hodc dau dudi dang phan
tan hodc nhii twong, bao gom budc dua nude 6 nhidm nay vao hé théng bao gom:

- it nhat mét thiét bi hap phu chua it nhat mot alumino-silicat dang vi mao quan hodc
dang mao quan trung binh; va

- it nhat mot thiét bi loc nano chira it nhat mot mang loc nano ua nuoc;
trong d6 mang loc nano wa nuéc bao gdm polyalkylsiloxan va cé goc tiép xtic véi nude
nho hon hoic bang 45°, trong d6 alumino-silicat dang vi mao quan dugc chon tir zeolit co
duong kinh 16 trung binh nam trong khoang tur 3,5 A dén 7,5 A, va trong d6 alumino-silicat
dang mao quan trung binh c¢6 dudng kinh 15 trung binh nam trong khoang tir 25 A dén 500
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Linh vue k§ thudt dwge dé cap

Sang ché dé cap dén quy trinh xtr 1y nude 6 nhidm. Cu thé hon, sang
ché dé cap dén quy trinh xtr ly nudc 6 nhidm chira céc hop chit hitu co
phan cuc va/hodc khéng phin cuc, vd/hodc mudi cia kim loai nang,
va/hoic dau dudi dang phén tan hodc nhil trong, bao gébm budc dua nudce
6 nhiém nay vao hé théng bao gdm it nhat mot thit bi hap phu va it nhét

mét thiét bi loc nano.

Tinh trang ky thuat cia sing ché

Nuéc 6 nhidm céng nghiép phai cn duoc xir Iy trude khi thai loai
hodc tai sir dung thuong bao gébm nudc 6 nhidm chira cac hop chit hitu
co phan cuc hoac khong phan cuc, va/hoac mudi cua kim loai nang,
va/hodc dau dudi dang phén tan hodc nhii tuong. Nudc nay co thé c6
ngudn gbc tir nhidu nganh cong nghiép khic nhau nhu, vi du, cong
nghiép san xuit nhém va thép, céng nghiép hoéa va/hodc hoa dau, cong
nghiép tu dong hoa, cong nghiép dau.

Cu thé, cong nghiép dau, ca trong qua trinh khai thac va qué trinh
tinh ché, déu thai ra luong 16n nuée. Vi dy, trong qua trinh khai thac, thai
ra ca nudc san xut duoc 14y 1én clng vé6i dau va nude bom ép c6 ngudn
gbc tir phdn quay trd lai bé mit, ciing véi cac hydrocacbon, clia nuéc
bom vao giéng @& giit trj s6 4p suit & muc thich hop.

Céc hop chét gdy 6 nhiém thuong c6 mit trong nude & nhidm tir
cong nghiép dau, cu thé 13 trong nude san xuit va trong nude & nhidm tir

nha may loc dau (vi du, nudc lam mat, nudc rira, nude ngam dung trong
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nha may loc dau), va trong nudc 6 nhiem tir cdng nghi€p hoéa dau (vi du,

nudc lam mat, nude rira, nudc ngam dung trong cdng nghiép hoéa dau),

duogc thé hién trong Bang 1

Bang 1

Nhém hop chét giy 6

nhiém

Vi du vé cac hop chit giy 6 nhiém

Hop chét hitu co phan cuc

va khong phan cuc

Hydrocacbon béo; axit carboxylic; phenol
dugc halogen héa tiy y; hop chit thom
duoc halogen héa tuy y; glycol; rugu; ete
(MTBE, ETBE); aldehit; keton; dung moi

dugc halogen hoa.

Dau dudi dang phan tan

hodc nhil tuong

Céc hydrocacbon da thom; alkyl-phenol.

Kho4ng hoa tan Mudi chtra Na*, K, Ca*", Mg**, Ba**, S,
Fe**, du6i dang cation, va CI', SO, CO5%,
HCOj, duéi dang anion.
Mubi cta kim loai nang nhu Cd, Cr, Cu, Pb,
Hg, Ni, Ag, Zn.
NORM (chét phéng xa tu nhién).

Chét phu gia héa hoc Chét e ché dn mon va cin; chat diét khuan;

chét nhil hoéa; chit chdng tao bot.

Chét ran huyén phu

Cén vo0i; sép; vi sinh vat; asphalten; sat oxit.

Khi hoa tan

Cacbon dioxit; oxy; hydro sulphua.

Quy trinh xir Iy @& loai bo hop chit giy 6 nhiém néu trén 13 d3 bibt

trong linh vuc k§ thuat nay. Vi du vé cac quy trinh xir Iy nay dugc thé

hién trong Bang 2.
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Bang 2
Kiéu xir Iy Vi du xtr ly
Vit ly Hép phu 1én cacbon hoat tinh (GAC), zeolit, nhua;

Kkét tha béng khi hoa tan; C-tour; xyclon; bay hoi;
loc cat; thdm tach bing dién; ké&t dong-gii
déng/bay hoi; x 1y bing mang (MF, UF, NF,
RO). |

Hoéa hoc Két ta; oxy hoa; cac quy trinh dién hoa; quy trinh
xdc tic quang; quy trinh Fenton; ozon; chét l6ng

ion & nhiét d6 trong phong; chit nhii hoa.

Sinh hoc Quy trinh hiéu khi; quy trinh ky khi.

Céc quy trinh xUr ly vét ly va/hodc hdéa hoc néu trén thuong duoc
thuc hién & cac nha may ngoai khoi noi khong gian bi han ché va cé thé
st dung cOng nghé nhé gon. Tuy nhién, cac quy trinh xr ly nay, ngoai
gia thanh cao con c6 thé c6 mét sé han ché. Thuc té, cac quy trinh xi Iy
nay khong phai lic ndo ciing hiéu qua trong viéc loai bé ca cac hop chét
hitu co phéan cuc va khdng phéan cuc néu trén va khoang hoa tan néu trén,
ciing nhu dau duéi dang phén tan hodc nhil tuong néu trén.

Mait khac, cong nghé x1 ly sinh hoc néu trén thuong dugc thuc hién
& cac nha may trén bo. Tuy nhién, viéc xtr ly sinh hoc nay, thuong ré hon
va hiéu qua hon so vdi cac quy trinh xt ly vat 1y va/hodc hdéa hoc néu
trén, khong thé thuc hién duoc, dic biét 1 khi c6 mait:

- néng d6 mudi cao, hoat tinh cta vi sinh vat dugc st dung bj e ché
manbh;

- céc chat doc dbi vai sinh khéi (vi du, benzen);

- céc chét hitu co khé bj vi sinh vat pha huy (vi du, MTBE).
Ngoai ra, viéc xir 1y sinh hoc thuong doi héi kiém soét lugng 16n

bun sinh ra.
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Cubi cung, co thé phat sinh c4c van dé khéc nita do su 6 nhiém th(r
clp gdy ra boi viée st dung céc chat phu gia héa hoc ding dé kiém so4t
cac quy trinh x1r Iy hoa hoc, vat Iy va/hodc sinh hoc néu trén.

Cong nghé x& ly nuéc 6 nhiém bing cach st dung alumino-silicat
dang vi mao quén, tirc 1a zeolit, 43 dugc md ta trong linh vyc nay.

Vi dy, Céng bd don yéu ciu cdp biang sang ché My s
2004/0206705 mé ta quy trinh xir ly nuéc & nhiém bang cac hop chat
khdng phéan cuc, khac biét & chd quy trinh nay duogc thuc hién trén nudc
ngam 6 nhiém va bao gbm budc cho nuéc di qua rdo chin phan tmg thAm
(PRB), dugc dit tai chd vudng goc véi dong nudce ngam, trong d6 chét
phan mg gdm mdt hoic nhidu zeolit khong phan cuc cé ty 18 silic
dioxit/alumin cao hon 50 va ¢6 c4u trac ranh (tic 1a céc 16) c6 kich c&
tuong tu véi kich ¢& clia phan tr cac hop chét giy 6 nhidm. Quy trinh
ndy duoc cho ring c6 kha ning loai bd cic hop chét gay 6 nhidm khong
phén cuc mét cach hiéu qua va chon loc hon so v&i cadc mubi khoang hoa
tan trong nudc.

Béng séng ché My sb 7,341,665 mé ta quy trinh xi Iy nudc 6 nhidm
chira céc hop chét hiru co khong phan cuc va/hodc chaa kim loai ning
bao gbém budc tudn hda nude qua hé théng bao gdm it nhét hai dang
zeolit c6 ty 1¢ silic dioxit/alumin cao hon 50, dit ndi tiép, trong d6 zeolit
thtr nhit ma nuée di qua khac biét & chd c6 kha ning hip phu cao va cé
cdu trtic ranh (tirc 12 cac 16) véi kich ¢& nim trong khoang tir 7 A dén 50
A, va zeolit th hai khac biét & chd c6 kha ndng loai bd cac phan tir c
duong kinh tuong duong véi kich thude cua ciu tric rinh (tic 13 cac 16)
ctia chiing nim trong khoang tir 5 A dén 7 A. Quy trinh nay dugc cho
rang c6 kha nang loai bé céc hop chét giy 6 nhiém hitu co khong phéan
cuc theo cach hiéu qua, ca khi chung c6 mit véi lugng nhé 1an khi chung

c6 mat v6i lugng 16n, nho hiu tng cdng hop cla hai zeolit nay.
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Cong nghé xtr Iy nuéc 6 nhidém bing cich st dung mang cling da
dugc mo ta trong linh vuc nay.

Vi du, Visvanathan va ddng tac gia, trong bai béo “Volume
reduction of produced water generated from natural gas production
process using membrane technology”, dugc céng bd trong “Water
Science and Technology” (2000), tap 41, trang 117-123, md ta quy trinh
xir Iy nudc san xuat sinh ra trong qué trinh san xuét khi tu nhién, bao
gém budc dua nude thu dugc nay vao thiét bi xt ly so bd bao g@)m mot
mang siéu loc (UF), hoic mang loc nano (NF), dé thu duoc phan thdm
qua va phan khong thdm qua; dua phén thAm qua thu duoc tir thiét bi xur
1y so bd vao thiét bi xir Iy bao gdm mang thim thau nguoc (RO). Nguoi
ta cho rang cin c6 bude xir ly so bd néu trén dé ngin ngira tic mang
thim thiu nguoc (RO).

Mondal va dong tac gia trong bai bio “Produced water treatment by
nanofiltration and reverse osmosis film”, dugc ééng b6 trong “Journal of
Film Science” (2008), tap 322, trang 162-170, md ta quy trinh x1r ly nuéc
san xut sinh ra trong qu4 trinh san xudt diu hodc khi, bing cach dung
mang loc nano (NF) hoic mang thdm thiu ngugc (RO). Pic biét, cac
mang sau da dugc thir nghiém:

- NF 270: mang phic hop tim mdng trén co s& piperazin va polyamit
ban thom [loc nano (NF)];

- NF 90: mang phiic hop tim méng trén co s& thom polyamit [loc
nano (NF)];

- BW 30: mang phitc hgp tim méng trén co s& polyamit thom [thdm
thau ngugc (RO)].

Thir nghiém cho thiy c6 hién tugng tic nghén cac mang nay. Mang
thim thiu ngugc (RO) BW 30 cho phép thu dugc phan thim qua c6 chét
luong tbt nhét so véi cac mang loc nano (NF) NF 270 va NF 30.
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Ahmadun va dong tac gi, trong tap chi “Review of technologies for
oil and gas produced water treatment”, dugc cong bd trong “Journal of
Hazardous Materials” (2009), tdp 170, trang 530-551, md ta mot sd k§
thuat xir Iy nudc san xuét c6 ngudn gde tir cong nghiép dau va khi. Trong
s6 cac ky thuit duoc mod ta co k¥ thuat x¢ ly nho mang vi loc
(microfiltration membrane- MF), mang siéu loc (ultrafiltration
membrane- UF), mang loc nano (nanofiltration membrane- NF), mang
tham thdu nguoc (reverse osmosis - RO).

Bing sang ché M¥ sb 5,028,336 mé ta phuong phép xur ly nudce (vi
du, nude san xudt 6 ngudn gbe tir qué trinh san xuét dau hodc khi) c6 4o
pH thép va chira chat dién phan hitu co d& hoa tan trong nudc, bao gém:
ting do pH cla nudc dé thu dugc nudc kiém hoa chua chit dién phéan
hitu co dé hoa tan trong nudc; dua nudc kiém héa chira chét dién phan
hitu co dé hoa tan trong nuéce ndy vao loc nano dé thu duge (i) dung dich
phan khéng thidm qua chira chét dién phan hitu co d& hoa tan trong nudc
v6i ndng d6 cao hon va (ii) dung dich phan thAm qua chira chit dién
phan hiru co dé hoa tan trong nudc véi ndng d thap hon; thu hdi dung
dich phan khéng thim qua chira chit dién phan hiru co dé hoa tan trong
nuée véi ndng do cao hon; va thu hdi dung dich phan thAm qua chira chét
dién phan hitu co d& hoa tan trong nuéc véi ndng d6 thip hon. Quy trinh
xir Iy nay duoc cho ring c6 kha ning loai bé mét cach hidu qua chét dién
phan hiru co dé hoa tan trong nudc ¢ trong nude nay.

Tuy nhi€n, cac quy trinh dugc néu trén cd thé c6 mot s6 han ché.
Thuc té, cac quy trinh néu trén khong phai lic nao cling c6 kha nang dem
lai két qua mong mudn.

Mot mit, cdc quy trinh sir dung alumino-silicat dang vi mao quén
(vi du, zeolit) khong cho phép loai bé mét cach hiéu qua cac hop chit

hitu co phan cuc c6 s6 nguyén tir cacbon thap (vi du, s6 nguyén tr
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cacbon thap hon hoic bang 8), dic biét 1a trong truong hop cuia cac hop
chét hitu co phén cuc dugc oxy hda nhu rugu, glycol, aldehyt, keton va
axit carboxylic. Ngoai ra, viéc sir dung alumino-silicat dang vi mao quan
khong cho phép loai bd mdt cach hiéu qua cac mudi cia kim loai nang va
dau dudi dang phan tan hodc nhil tuong.

Mit khac, cac quy trinh sir dung mang khong phai luc nao cling loai
bé mét cach hi¢u qua cac hop chat hitu co khéng phan cuc nhu, vi dy,
benzen, etylbenzen, toluen, xylen (hay BTEX), 1a céac chéit #n mon céc
mang nay. Dic biét, ndng do cao cua cac hop chit nay (vi du, ndng do
16n hon hozc bing 10ppm) c6 thé gay khir polyme hoéd cac mang nay,
1am cho chiing khéng thé sir dung duge cho muc dich nay.

Do d6, cin phai tim ra quy trinh x& ly nuéce & nhiém chira cic hop
chét hitu co phén cuc va/hodc khong phan cuc, va/hoic cac mudi cia kim
loai niing, va/hoic ddu dudi dang phan tan hodc nhil tuong, c6 kha néng
loai bé mdt cach hiéu qua ca hop chit hitu co c¢6 sb nguyén tir cacbon
thap 13n cao, va cic mudi cta kim loai ngng, cling nhu dau duéi dang

phén tan hodc nhii tuong.

Ban chit k§y thuit ciia sang ché

Téc gia sang ché da phat hién ra ring bang quy trinh xir ly nuéc 6
nhiém bao gdm budc dua nudc 6 nhidém ndy vao hé théng bao gdm it
nhat mét thiét bi hip phu chira it nhit mot alumino-silicat dang vi mao
quéan ho#ic dang mao quan trung binh va it nhit mot thiét bi loc nano
chira it nhat mot mang loc nano ua nudc c6 cac dic tinh dic trung, ¢b thé
loai bd6 mot cach hiru hiéu ca cac hop chét hiru co phan cuc va/hodc
khéng phan cuc va cac mudi cia kim loai ning, ciing nhu dau duéi dang
phén tan hodc nhil tvong, ngin ngira dugc nhimg han ché lién quan dén

qué trinh khir polyme hod mang néu trén. Dic biét, budc xir Iy bing
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alumino-silicat dang vi mao quan ho#c dang mao quan trung binh cho
phép loai bé ca cac hop chét hitu co phan cuc cb sb nguyén tir cacbon
cao hon 8, va cac hop chét hitu co khéng phan cuc, cb trong nudc 6
nhiém, & ca néng dd cao 14n néng do thép (vi dy, & néng dd ndm trong
khoang tir 1ppm dén 30000ppm), trong khi budc xir Iy bang loc nano cho
phép loai bé cac hop chét hitu co phan cuc c6 sb nguyén tir cacbon thip
hon hodc bing 8 nguyén tir cacbon, cu thé hon 13 cac hop chat hitu co
duoc oxy héa nhu ruou, glycol, aldehyt, keton, axit carboxylic, cé trong
nude 6 nhidm & ca ndng d6 cao 13n ndng do6 thap (vi du, & ndéng do nim
trong khoang tir Ippm dn 30000ppm). Ngodi ra, budc xu ly bing
alumino-silicat dang vi mao quan hodc dang mao quan trung binh cho
phép ngin ngira hién tuong tic ciia mang loc nano ua nuée va do dé kéo
dai tudi tho mang va tinh ning va tiét kidm ca thoi gian 14n chi phi.
Ngoai ra, budc xir Iy bing alumino-silicat dang mao quén trung binh con
cho phép loai bdo mdt cach hiéu qua dau dudi dang phan tan hodc nhii
trong. Ngoai ra, budc xir 1y bang loc nano ciing cho phép khir bé céc
mudi cia kim loai nang.

Quy trinh xtr Iy néu trén dam bao cho dong nudc 6 nhiém cubi c6
chét lugng cao. Thuc té, nude thu duge & cudi thoi didm xir ly da loai bd
duoc cac hop chét hitu co phan cuc va/hodc khong phén cuc & cac mic
dugc quy dinh trong gidi han didu chinh theo Nghi dinh s6 152/2006 ma
khong cin bét ky bude xi 1y nio tiép theo.

Vi vay, muc dich cta sang ché 1a d& xuét quy trinh xir 1y nuéc 6
nhiém chtra cac hop chit hitu co phan cyc vd/hodc khong phan cuc,
va/hodc cac mudi cua kim loai nang, va/hoac dau dudi dang phan tan
hoic nhil tuong, bao gdm budc dua nude 6 nhidm nay vao hé théng bao
gdm:

- it nhét mot thiét bi hép phu chira it nhit mot alumino-silicat dang vi
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mao quan hodc dang mao quan trung binh;

- it nhat mot thiét bi loc nano chira it nhét mot mang loc nano ua
nudc;

trong d6 mang loc nano wa nude c6 goc tiép xic v6i nuwde nhd hon hodic

bang 45°, tt hon 13 ndm trong khoang tir 25° dén 40°.

“Géc tiép xuc” da duoc do nhu md ta bdi Geens va ddng tac gia
trong Bai bdo ‘“Polymeric nanofiltration of binary water-alcohol
mixtures: Influence of feed composition and membrane properties on
permeability and rejection”, dugc cong bd trong “Journal of Film

Science” (2005), tap 255, trang 255-264.

M5 ta vin tit cac hinh vé

Fig. 1 thé hién biéu d0 vé bd thir nghiém (ttrc 13 thiét bj hip phu)
duoc sir dung theo séang ché;

Fig. 2 thé hién biéu dd vé bd thir nghiém (tirc 13 thiét bi loc nano)
duoc sir dung theo séng ché;

Fig. 3 thé hién biéu dd vé hé théng bao gdm thiét bj hap phuy va thiét
bi loc theo sang ché;

Fig. 4 va Fig. 5 thé hién biéu dd két qua thu dugc v& phin tram mirc
thai nho mang SelRO® MPS-44 theo sang ché;

Fig. 6 thé hién bidu db két qua thu duoc v& phin trim muc thai bsi

nho mang Desal®-5-DL.

M5 ta chi tiét sang ché

Nhim muc dich md ta sang ché va phe‘“tn yéu cAu béo ho, cac khoang
tri s6 dugc dinh nghia 13 luén bao ham gid tri ddu mut, trir khi c6 quy
dinh khéc.

Nhim muc dich md ta sang ché va phan yéu cau bao ho, thuat ngit

-10-
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“thiét bi hap phu” dung d& chi thiét bi hoan chinh cin d& thyc hién su
hép phu thuong bao gém it nhat mot thung nap liéu, it nhét mot bom nap
liéu, it nhat mot cot hép phu gdm it nhit mot alumino-silicat dang vi mao
quan hoic dang mao quan trung binh, it nhat mot bd do dé theo doi ham
lugng cacbon hitu co tdng (total organic carbon - TOC). Chi tiét hon vé
thiét bi hap phu nay duoc néu dudi day (muc Vat liéu va phuong phap
dugc st dung).

Nhim muyc dich md ta séng ché va phin yéu ciu bao hd, thudt ngr
“thiét bi loc nano” ding dé chi thiét bj hoan chinh cin d8 thuc hién loc
nano thudng bao gém it nhit mot thing nap lidu, it nhit mét bom nap
liéu, it nhat mot thung loc nano bao gém it nht mot mang loc nano va
nuéc, it nhit mot thing thu gom. Chi tiét hon vé thiét bi loc nano nay
duoc néu dudi day (muc Vat liéu va phuong phap duge st dung).

Theo phuong 4n dugc uu tién theo sang ché, nudce 6 nhidm cé thé
duge chon tir: nude san xuét c6 ngudn gde tir cac giéng dau hodc khi;
nuéc bom ép c6 ngudn gbe tir phan quay tré lai bé mit, cung vai cac
hydrocacbon, ctia nuéc duge bom viao giéng dé duy tri cac gia tri ap suét
& muc thich hop; nudc tir nha méy loc diu; nude cé ngudn gbc tix cong
nghiép hoéa diu; nuéc ngdm cé ngudn gbc tir cong nghiép loc dau
va/hoic tir cong nghiép héa dau.

Theo phuong 4n duge uu tién theo sang ché, thiét bi hip phu va thiét
bi loc nano dugc bb tri ndi tiép.

Theo phuong 4n dugc uu tién hon nita theo sang ché, thiét bj hip
phu duoc bé tri trude thiét bi loc nano.

Theo phuong 4n dugc uu tién theo sang ché, cac hop chét hiru co
phén cuc co thé 1a: ruou, vi du, metanol, etanol, 1-propanol, iso-
propanol, 1-butanol, iso-butanol, tert-butanol; keton, vi du, axeton, 2,3-

butandion, 3-hydroxy-2-butanon, metyl-etyl-keton, metyl-propyl-keton,

-11-



24386

metyl-butyl-keton, pentan-2-on, pentan-3-on; glycol, vi duy, etylenglycol,
dietylenglycol, trietylenglycol; axit carboxylic, vi du, axit axetic, axit
propionic, axit butanoic, axit pentanoic, axit hexanoic, hodc chét thay thé
metyl cua chung; aldehyt, vi du, axetaldehyt, butanealdehyt,
pentanaldehyt, hexanaldehyt, hodc chat thay thé metyl cta chung; hodc
cac hon hop cta chung.

Theo phuong 4n dugc wu tién theo sang ché, cac hop chét hiru co
phan cuc c6 thé cb trong nudc 6 nhiém véi luong ndm trong khoang tir
lppm dén 30000ppm, t6t hon 14 nim trong khoang tir 2ppm dén
20000ppm.

Theo phuong 4n dugc wu tién theo sang ché, cac hop chét hitu co
khong phan cuc co thé 1a: céc dung méi dugc halogen héa nhu, vi du,
tetracloetylen (PCE), tricloetylen (TCE), dicloetylen (DCE), vinylclorua
(VC); cac hop chét béo va/hoic thom nhu, vi du, metyl-t-butylete
(MTBE), etyl-t-butylete (ETBE), benzen, toluen, etylbenzen, cac xylen
(hay BTEX); phenol; naphtalen; o- va B-naphthol; antraxen; céc
hydrocacbon béo mach thang c6 tir 16 dén 30 nguyén tir cacbon; hodic
cac hon hop clia ching.

Theo phuong 4n dugc uu tién theo sang ché, cac hop chét hiru co
khong phan cuc cé thé c6 trong nuéc 6 nhidm véi luong ndm trong
khoang tir 1ppm dén 30000ppm, tét hon 14 nim trong khoang tir 2ppm
dén 20000ppm.

Theo phuong 4n duoc wu tién theo sang ché, cac mubi cta kim loai
nang co thé 1a: clorua, sulfat, cacbonat, bicacbonat, borat, ctia arsen, cua
crom, cua antimon, cia selen, cia thiy ngan, clia cadimi, ciia coban, cua
niken, ctia chi, cia mangan, ctia dong, cia kém; hodc cac hdn hop cua
ching.

Theo phuong an dugc wu tién khac nira theo sang ché, cic mudi cua
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kim loai ning c6 thé c¢é trong nudc 6 nhidm véi luong nim trong khoang
tir 0,1ppm dén 40000ppm, t6t hon 13 nim trong khoang tir 1ppm dén
20000ppm.

Theo phuong 4n dugc wu tién khac nita theo sang ché, nude 6 nhiém
¢ thé chira cic mudi cia kim loai kiém hodc kim loai kiém thd nhu, vi
du, clorua, sulfat, cacbonat, bicacbonat, borat, cua natri, cua kali, cta
canxi, cua magie, cia bari, cua stronti, cia sét; hodc cac hdn hop cua
ching.

Theo phuong 4n duge uu tién hon nita theo sang ché, cac mubi cia
kim loai kiém hodc kim loai kiém thd c¢6 thé ¢6 trong nudc 6 nhiém véi
luong nim trong khoang tir 0,1ppm dén 40000ppm, tét hon 1a ndm trong
khoang tir 1ppm dén 20000ppm.

Theo phuong an dugc uu tién theo sang ché, ddu duéi dang phan tan
hozc nhii tuong 13 hdn hop phiic tap bao gdm: cic hydrocacbon mach
théng, mach nhanh hodc vong béo nhu, vi du, n-heptan, 2,4,4-trimetyl-1-
pentan, 2-metylhexan, n-octan, 24-dimetyhexan, metylxyclohexan,
metylxyclohexen; cac hydrocacbon thom nhu, vi du, benzen, toluen,
etylbenzen va cac xylen (hay BTEX), phenol, alkyl-phenol; cac
hydrocacbon thom da vong (hay IPA hodac PAH) nhu, vi du, naphtalen,
phenanthren, pyren, benzopyren, benzoantraxen. Ngoai ra, cic hop chét
dugc luu huynh hoéa (vi du, sulphua, disulphua, benzothiophen,
dibenzothiophen), cic hop chét dugc nito héa (vi du, quinolin, pyridin),
cac hop chit duoc oxy héa (vi du, axit béo, axit naphtenic), bén canh
lugng nhé kim loai (vi du, niken, vanadi, coban, crom, cadimi, chi, arsen,
thiy ngan), thudng cé trong dau nay.

Theo phuong 4n dugc uu tién theo sang ché, diu duéi dang phén tén
hoic nhii tuong c6 thé cé trong nudc 6 nhiém véi lugng ndm trong

khoang tir 50ppm dén 500ppm, t&t hon 14 nim trong khoang tir 100ppm

-13-



24386

dén 400ppm.

Theo phuong 4n duge wu tién khéc nita theo sang ché, nudc 6 nhidém
c6 thé chira cac chét gdy 6 nhifm khac nhu, vi du, cac chit phu gia héa
hoc thudng dugc str dung trong qua trinh khoan giéng.

Theo phuong 4n dugc wu tién theo sang ché, alumino-silicat dang vi
mao quéan c6 thé duoc chon tir zeolit ¢6 dudng kinh 18 trung binh nim
trong khoang tir 3,5 A dén 7,5 A, t6t hon 1 nim trong khoéng tir 4,5 A
dén 7 A.

Theo phuong 4n dugc wu tién theo sang ché, zeolit c6 thé c6 ty 16
mol silic dioxit/alumin (SAR) nim trong khoang tir 2 dén 500, tét hon 13
nam trong khoang tir 20 dén 300.

Theo phuong an duge wu tién theo sang ché, zeolit c6 thé duge chon
tur silicalit, zeolit ZSM-5, zeolit Y, mordenit, beta zeolit, ferierit, hodc
cac hdn hop ctia ching. Zeolit Y dugc wu tién.

Theo phuong 4n dugc wu tién theo sang ché, alumino-silicat dang
mao quéan trung binh c6 thé c6 dudng kinh 18 trung binh ndm trong
khoang tlr 25 A dén 500 A, t6t hon 1 ndm trong khoang tir 30 A dén 200
A.

Theo phuong 4n duoc uu tién theo sang ché, alumino-silicat dang
mao quan trung binh cé thé c6 ty 18 mol silic dioxit/alumin (SAR) nim
trong khoang tir 30 tré 1én, t6t hon 13 16n hon hoic bang 100.

Theo phuong 4n dugc uu tién theo sang ché, alumino-silicat dang
mao quan trung binh cé thé c¢é thé tich 15 ndm trong khoéang tir 0,3 ml/g
dén 1,3 ml/g, t6t hon 13 nim trong khoang tir 0,5 ml/g &én 1,1 ml/g.

Theo phuong 4n duogc wu tién theo sang ché, alumino-silicat dang
mao quan trung binh ¢6 thé c¢6 dién tich bé mit riéng (Sger) 16n hon hodc
bang 500 m?/g, tot hon 13 nim trong khoang tir 600 m*/g dén 1200 m?/ g.

Theo phuong 4n duoc wu tién theo sang ché, alumino-silicat dang
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mao quan trung binh c¢6 thé c6 ciu tric vo dinh hinh hoan toan.

Theo phuong 4n dugc uu tién hon nita theo sang ché, Vat liéu
alumino-silicat dang mao quan trung binh c6 thé c¢é ciu trac hdu nhu vo
dinh hinh.

Nhim muc dich mé ta sang ché va phan yéu cau bao ho, thujt ngit
“cAu trac hau nhu v6 dinh hinh” dung dé chi vét liéu ¢ kich ¢& mao
quan trung binh mic du bao gom silic dioxit vé dinh hinh, ¢4 cdu tric
theo thir tu véi cac 15 bang nhau duoc sip xép dudi dang mang luc lang
c¢6 cAu tric gibng rd t ong.

Alumino-silicat dang mao quén trung binh vd dinh hinh hoan toan
c¢6 thé ¢6 loi néu duge st dung cho muc dich ciia sang ché, c6 thé dugc
chon trong s silic dioxit-alumin dang mao quéan trung binh cia dang
MSA dugc mo ta, vi duy, trong cac bé‘mg sang ché chau Au sb EP 659,478
va EP 812,804 va trong bing sang ché M¥ s 5,049,536. Phd XRD cua
ching (“Phép do nhiéu xa tia X”) thu duoc tir bui cho thiy ciu tric v
dinh hinh hoan toan. Cac bang sang ché néu trén ciing mé ta céc quy
trinh diéu ché silic dioxit-alumin dang mao quén trung binh khéac nhau.

Theo céach khac, alumino-silicat dang mao quan trung binh v6 dinh
hinh hoan toan c6 thé c¢6 loi néu duge st dung cho muc dich cua sang
ché c6 thé dugc chon trong sb cac alumino-silicat dang mao quan trung
binh cda dang:

- MSU dugec mé ta, vi du, bsi Bagshaw va ddng tic gia trong:
“Science” (1995), tap 269, trang 1242-1244;

- KIT-1 dwoc md ta, vi du, bdi Ryoo va ddng tic gia trong: “Studies
in Surface Science and Catalysis” (1997), tap 105, trang 45-52.
Alumino-silicat dang mao quéan trung binh hau nhu vé dinh hinh ¢

thé ¢6 loi néu dugc sir dung cho muc dich cta sang ché c6 thé duge chon

trong s6 céc alumino-silicat dang mao quén trung binh cta dang M41-S
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(vi dy, alumino-silicat dang mao quén trung binh tén 1a MCM-41) duoc
mo ta, vi du, béi Beck J. S. va déng tac gia trong: “Journal of American
Chemical Society” (1992), tap 114, trang 10834-10843. Dic biét, trong
s6 céc alumino-silicat dang mao quan trung binh ctia dang M41-S, c6 thé
chon loc céc alumino-silicat cia dang MCM dugc mo ta, vi du, trong

Cong bd don qudc t& s6 WO 91/11390. Phd XRD cua ching (“Phép do

nhiéu xa tia X”) thu duoc tir bui cho thiy ciu trac theo thir tu véi céac 15

bang nhau dugc sép xép duéi dang mang luc ling c6 cAu tric gidng 16 td

ong.

Theo cach khac, alumino-silicat dang mao quéan trung binh hau nhu
v6 dinh hinh c¢6 thé c6 lgi néu duoc st dung cho muc dich clia sang ché,
c¢6 thé dugc chon trong s céc alumino-silicat dang mao quan trung binh
tén la:

- FSM-16 dugc mo ta, vi dy, bdi Inagaki S. va ddng tic gia trong:
“Journal of Chemical Society”, “Chemical Communication” (1993),
trang 680-682;

- HMS-3 dugc md ta, vi du, bdi Tuel va dong tic gia trong:
“Chemistry of Materials” (1996), tap 8, trang 114-122;

- SBA dugc mo ta, vi du, béi Huo va dong tic gia trong: “Chemistry
of Materials” (1996), tap 8, trang 1147-1160.

Nhu d4 néi néu trén, cin luu ¥ ring nhim muc dich cua sang ché,
viéc sir dung alumino-silicat dang mao quan trung binh dic biét duoc
khuyén dung néu c6 mit ddu duéi dang phén tan hodc nhii tuong.

Nhim muc dich cta séng ché, alumino-silicat dang vi mao quan
hosic dang mao quéan trung binh c6 thé dugc sir dung & nhidu dang. Pac
biét, alumino-silicat dang vi mao quan hodc dang mao quén trung binh c6
thé dugc tao thanh nhd thuc hién quy trinh ép dun, tao tinh thé hinh cau,

tao vién nén, tao hat bét ky da biét trong linh vuc nay.
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Theo phuong 4n duogc uu tién theo sang ché, nuéc 6 nhiém c6 thé
dugc cho tiép xuc véi alumino-silicat dang vi mao quan hodc dang mao
quan trung binh (“thoi gian tiép xuc tdng rdng”) trong thoi gian nam
trong khoang tlr 1 phat dén 5 gio, t6t hon 13 ndm trong khoang tir 2 phut
dén 4 gio.

Theo phuong 4n dugc uu tién theo sang ché, mang loc nano wa nuéc
nay co thé c6 d6 thAdm nude, duge do & 22°C, nim trong khoang ttr 0,5
1/(m® x h x bar) dén 5 I/(m” x h x bar), tbt hon 14 ndm trong khoang tir 1
1/(m” x h x bar) d&n 3 /(m” x h x bar).

Theo phuong 4n dugc uu tién theo sang ché, mang loc nano wa nuéc
nay c6 thé cé ning luong bé mit nim trong khoang tir 40 mN/m dén 80
mN/m, t&t hon 13 nim trong khoang tir 50 mN/m dén 75 mN/m.

Theo phuong 4n dugc wu tién theo sang ché, mang loc nano va nuéc
nay c6 thé c6 nhiét 6 van hanh téi da ndm trong khoang tir 15°C dén
50°C, t6t hon 14 ndm trong khoang tir 20°C dén 45°C.

Theo phuong 4n dugc wu tién theo sang ché, mang loc nano va nuéc
nay c6 thé ¢ ap suit van hanh tbi da nim trong khoang tir 5 bar (5.10"
kPa) dén 45 bar (45.10" kPa), t6t hon 14 ndm trong khoang tir 10 bar
(10.10** kPa) dén 40 bar (40.10"* kPa).

Theo phuong 4n dugc uu tién theo sang ché, mang loc nano wa nuéc
nay c6 thé c6 trong luong phan tir cit (molecular weight cut-off -
MWCO) nim trong khoéang tir 150 dalton dén 300 dalton, tét hon 13 ndm
trong khoang tlr 200 dalton dén 280 dalton.

Theo phwong 4n dugc uu tién theo sang ché, mang loc nano wa nudce
nay co thé c6 pH vén hanh téi da ndm trong khoang tir 1 dén 12, t6t hon
14 nim trong khoang tir 1,5 dén 11.

Theo phuong 4n dugc wu tién theo séng ché, mang loc nano wa nuéc

nay c6 thé dugc chon tir mang polyme bao gdm polyalkylsiloxan, t6t hon
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1a polydimetylsiloxan. Polyalkylsiloxan c6 thé dugc tao lién két ngang
hozc khong duoc tao lién két ngang, tot hon duge tao lién két ngang.

Mang loc nano wa nuéc ¢ thé cé loi néu duge st dung cho muc
dich ctia sang ché 13 cic san phim d3 biét dudi tén thuong mai SelRO®
MPS-44 (chudi 2540, 4040, 8040) ctia Koch Film Systems.

Mang loc nano wa nudc néu trén cod thé & dang mang dé)ng nhét,
mang bat ddi xmg, mang phtc hop nhiéu 16p, mang khudn két hop 16p
gel hoic 16p 16ng, hodc & dang bét ky khac d3 biét trong 1inh vuc nay.
T6t hon 13, ching & dang mang phirc hop nhiéu 16p bao gdm 16p nén, 16p
d& c6 16 va 16p chira it nhit mot trong sb céc polyme néu trén. N6i
chung, cic 16p co s& c6 thé ding cho muc dich nay 14 soi dét hodic khong
dét mém déo va c6 do Xép cao, bao gdm soi chra sgi kim loai, soi
polyolefin, s¢i polysulfon, soi polyeteimit, sgi polyphenylen sulphua, soi
cacbon, hodc cac hdn hop cta ching; céc cAu trac c6 18 bao g@)m kinh,
gbm, graphit, kim loai déu c6 thé dung nhu nhau. Tét hon 13, 16p d& c6 15
b chu trac c6 13 bt dbi xtmg. Lp d& c6 16 nay cb thé duoc tao ra, vi du,
tur polyacrylonitril, polysulfon, polyetesulfon, polyeteimit, polyvinyliden-
florua, xenluloza triaxetat dugc thiy phédn, polyphenylen sulphua,
polyacrylonitril, polytetrafloetylen, polyetylen, rugu polyvinylic,
copolyme cua triflorua polyolefin, hodc cac polyme hitu ich khéc, hoic
céc hdn hop cia ching.

Mang loc nano ua nuéc néu trén cé thé 13 & dang cac tAm phéng, soi
rong, mang hinh dng, mang cudn xoén dc, hodc céc dang hiru ich khac.

Theo phuong 4n dugc uu tién theo sang ché, luu lugng riéng (kg
phan thim qua trén mdi mét vudng bé mit ciia mang loc nano wa nuédce
trong mdi gid) c6 thé dao dong trong khoang tir 0,5 kg/(m* x h) dén 50
kg/(m® x h), tot hon 14 nim trong khoang tir 0,8 kg/(m® x h) dén 30
kg/(m” x h).
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Theo phuong an dugc wu tién theo sang ché, nuéc 6 nhidm c6 thé
dugc dua vao hé thdng ndy & nhiét d6 ndm trong khoang tir 10°C dén
40°C, t6t hon 12 ndm trong khoang tir 15°C dén 30°C.

Theo phuong 4n dugc uu tién theo sang ché, nude 6 nhidm c6 thé
dugc dua vao hé thdng nay & d6 pH nim trong khoang tir 1 dén 12, tét
hon 13 ndm trong khoéng tir 2 dén 10.

Theo phuong 4n dugc uu tién theo sang ché, nudc 6 nhidm c6 thé
duoc dua vao hé théng nay & 4p suat nim trong khoang tir 0,5 bar (5.10"
kPa) dén 35 bar (35.10™ kPa), tot hon 14 ndm trong khoang tir 0,8 bar
(8.10"* kPa) dén 25 bar (25.10" kPa).

Vit li€u va phuong phap dugc st dung
Thiét bi hap phu

Thir nghiém dugc thuc hién trén bo thir nghiém (ttrc 13 thiét bi hép
phu) bing cach st dung cot thay tinh v6i bd hd trg va két ndi Teflon®
(DuPont) chira it nhat mét alumino-silicat dang vi mao quan hogc dang
mao quan trung binh.

Fig. 1 thé hién biéu db v& bd thir nghiém (tire 13 thiét bi hip phu)
duoc sir dung gdm phirc hop sau:

- thung nap li€u 1 c6 dung tich khoang 100 I;

- bom nap li€éu nhu dong 2;

- c0t thuy tinh 3 chtra alumino-silicat dang vi mao quan;

- 4p ké P duogc dy dinh dé kiém so4t 4p suét van hanh;

- b6 do & theo d5i ham lugng cacbon hiru co téng (TOC) 4;
- van 3 chiéu 5;

- bo thu gom phén doan 6.

B thir nghiém nay van hanh véi téc d6 nap liéu bing 1 I/ngay.

Nhiét @6 van hanh duoc dat & 20°C.

Ap sudt van hanh bang 1 bar (1.10™ kPa) duoc st dung va d6 pH

-19-



24386

ctia dung dich duoc gift bang 7.
‘Thiét bi loc nano va mang loc nano ua nuéc

Thit nghiém dugc thuc hién trén bo thir nghiém (térc 13 thiét bi loc
nano) dugc trang bi binh bing thép khong gi dé qu4 trinh loc nano c6 kha
ning chira it nhit mot mang loc nano wa nude dang xodn 6¢ ¢ dudng
kinh bang 61mm, dién tich bing 1,6m’ va khac biét & chd ty 1& bé
mit/thé tich cao.

Fig. 2 thé hién biéu d6 vé bo thir nghiém (tic 13 thiét bi loc nano)
dugce str dung gdm phtrc hop sau:

- thung nap liéu la c6 dung tich bing khoang 300 1;
- bom nap li€u nhu dong 2a;
- hai 4p ké P, va P, duoc du dinh dé kiém so4t ap suét dau vao va dau

ra di vao/di ra tir binh bang thép khéng gi d& loc nano 7;

- binh bing thép khéng gi dé loc nano 7 bao gém mang loc nano ua
nudc;
- thung thu gom 1b.

Fig. 2 ciing thé hién phin thdm qua 8 va phan khéng thAm quao9.

B§ thir nghiém nay van hanh véi tdc @6 nap li€u béng 800 1/h.

Viéc nap liéu theo kiéu dong chéo va cho phép lam giam hién tuong
lién quan dén viéc tic cua mang loc nano ua nudc, ca vé héa hoc va vat
ly. Nhiét d6 van hanh dugc dit & 20°C.

Hai 4p suat van hanh duogc st dung: 10 bar (10.10"? kPa) va 20 bar
(20.10" kPa), va d6 pH cua dung dich dugc giit bang 7.

Mang loc nano ua nuéc duge st dung 13 mang phirc hop dang xodn
6c va gdbm mot loat cip mang phing duoc dinh v6i mot cap mang khac
trén ba mit va véi mit thr tu duge ndi véi rinh trung tdm dé thu gom
phin thdm qua; cic mang nay sau d6 duoc cudn quanh rinh ndy. Céc tAm

hai mang duoc tach bing ludéi dém dé thao phan thdm qua. Ludi nay
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cling dugc gin trén mit nap lidu (gitta cac cip mang) va nd gép phan tao
su chay rdi bd sung cho phép giam mirc d6 phan cuc [vé 1y thuyét, di

chuyén theo dang ting, véi Re (tirc 12 chi s6 Reynolds) thudng nim trong

khoang tir 100 dén 3000].

Ty 18 bé mat/thé tich kha cao, thudng nim trong khoang tir 700

m?/m> dn 1000 m*/m’>.

Céc dac diém hoa hoc-vat ly cia mang loc nano ua nudc duoc sir

dung SelRO® MPS-44 (chudi 2540) (Koch) dugc thé hién trong Béang 3.

Bang 3

Vat liéu hoat tinh Polydimetylsiloxan
Dién tich hoat dong (m?) 1,6
Nhiét d6 van hanh téi da (°C) 40
Ap suét van hanh t6i da (bar) 35
pH (20°C) 2-10
Goéc tiép xuc trong nude (°) 34,2
Trong lugng phan tir cit (dalton) 250
Ning lugng bé mit (mN/m) 68,1
Dién tich (¢ d6 pH trung tinh) am tinh
D6 thdm nude & 22°C 1,3
[I/(m* x h x bar)]
D6 6n dinh véi dung méi Cao trong dung moi nudc-hiru co

Nham muc dich so sdnh, mang loc nano wa nudc Desal®-5-DL

(General Electrics Osmotic) duoc sir dung: cac dic diém héa hoc-vat 1y

duogc thé hién trong Bang 4.

Bang 4

Vat liéu hoat tinh

Polyamit thom

-21-




24386

Dién tich hoat dong (m?) 1,77

Nhiét d6 van hanh tdi da (°C) 50

Ap suit van hanh t6i da (bar) 42

b6 pH (20°C) 1-11

Géc tiép xuc trong nude (°) 49,4

Trong lugng phan tir cat (dalton) 150 — 300

Ning luong bé mit (mN/m) 59,7

Dién tich (¢ d6 pH trung tinh) am tinh

D6 thdm nuée & 22°C [1/(m” h bar)] 3,6

D6 6n dinh véi dung moi Cao trong dung méi nudce-hiru co

Db tach c6 thé dat duge béng mang loc nano ua nudc, va vi vay tinh
ndng cua chung, theo chit tan d3 duoc x4c dinh trude, duge thé hién
bang phan trim dao thai:

R (%)= (1-C/C,) x 100
trong d6 C, va C; 1an luot 13 ndng dd cia chét tan trong phan thAm qua va
chét tan trong phan khong thim qua.

Liy mau & do ndng d6 duoc thyc hién & trang thai can bing. Mdi
thir nghiém kéo dai trong khoang thoi gian tir 2 gid dén 4 gio, véi vide
14y mAu hing gio.

Hé théng xtr 1y theo sang ché

Fig. 3 thé hién hé théng bao gdm thiét bi hdp phu va thiét bi loc theo
sang ché: chit sé va chir cai duoc st dung ¢ cling nghia néu trén phin
md ta cta Fig. 1 va Fig. 2. Fig. 3 khong thé hién bd thu gom phan doan 6
cé trong thiét bi hép phu dugc thé hién trén Fig. 1, do nudc duge xur ly
trong thiét bi hdp phu nay duoc dua truc tiép vao thung nap lidu la cia
thiét bi loc nano.

Céc phuong phap phan tich
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Nuée duge xac dinh dic diém bing céc thir nghiém dinh tinh va
dinh luong ca cac hop chat hitu co ¢6 trong khoang khdng gian trén dinh
(cac hop chét hiru co d& bay hoi - phuong phap EPA 5021), 13n cac hop
chét hitu co chiét bang dung méi (cac hop chét hitu co bay hoi kém hon -
phuong phap EPA 3510 C).

Thir nghiém dinh tinh dé x4c dinh so bd cac hop chét hitu co phé
bién duge thuc hién nho sic ky khi ciing v6i phd khdi (GC-MS).

Thir nghiém dinh luong dugc thuc hién bang hai phuong phép:
phuong phép sic ky khi (GC) (phuong phap EPA 8041 va phuong phap
EPA 8015) ding dé chi nhém hop chét hitu co tiéu bidu nhét, vi du
duong lugng phenol, va phuong phap héa hoc nhd @6 cac hop chét hiru
co c6 mit duge xac dinh vé ham luong cacbon hitu co tdng (TOC)
(phwong phap EPA 415,1). |

Céc hop chét hiru co ¢ khdi lugng phan tir thip duoc oxy héa nhu
ruou, glycol, aldehyt, keton va axit carboxylic dugc xac dinh b?mg cac
phuong phap ASTM E202 va EPA 8260B.

Thiét bi duogc st dung cho cac thir nghiém 13 nhu sau:

sic ky khi “Purge and Trap” (HP 6890 Agilent) v6i bo do FID, may

phun ghép-khéng ghép va duoc trang bi cdt mao dan DB WAXetr
(PEG) (chiéu dai 30 m, dudng kinh 320 um, d6 day mang 1 um);

- sic ky khi “Head Space” (HP 5890 chudi II véi thiét bj 14y miu
Agilent 7694) véi b do FID, may phun ghép-khdng ghép va dugc
trang bi cot HP-5 (chiéu dai 30m, dudng kinh 320 um, d6 day mang
0,25 um);

- thiét bi phén tich IL550 TOC-TN (Hach) dé phan tich ham luong
| cacbon hitu co téng (TOC);

- thiét bi do d6 din (kiéu 160, Amel Instruments) d& do d6 dan va tir

d6 do nong ¢ muoi;
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- thiét bj cuc phé EcaMon 10S cua Instran, dugc trang bi pin 3 dién
cuc: dién cuc didu khién cacbon, dién cuc hd tro platin va dién cuc
lién quan d&én Ag/AgCl dé phan tich k&m, cadimi, chi va dong;

- thiét bi hap thu nguyén tir 220 FS Varian, véi may tan d6t graphit;

- may do pH kiéu 632 (Metrohm Herisan).

Vi du thye hién sang ché
Pé hiéu rd hon vé sang ché va dua né vao ung dung thuc té, duéi
day 1a cac vi du minh hoa nhung khong nhim muc dich giéi han pham vi

cua sang che.

Vidul
Xir Iy nude san xuat bang zeolit

Nudc san xudt dugc sir dung c6 ham luong cacbon hitu co tong
(TOC) bing 461 mg/lit.

Luong hop chit duong lwong phenol bing 30ppm duge x4c dinh
trong nudc nay nho thir nghiém dinh lugng.

Zeolit dugc thé hién trong Bang 5 dugc thir nghiém. Zeolit duogc
danh gia qua thir nghiém duogc thuc hién bang cach st dung bd thir
nghiém duoc thé hién trén Fig. 1.

Cot thuy tinh 3 véi bo hd trg va bd ndi Teflon® (DuPont) dugc st
dung nham muc dich nay, c6 duong kinh 1a 2,5 cm va d6 dai 1a 30 cm,
chira 170 g zeolit. Ct nay dugc nap nudc san xuét & nhiét do béng 20°C,
& &p suét van hanh biang 1 bar (1.10™ kPa) va & d6 pH 7, nhd bom nhu
dong 2, véi dong nudc bang 1 lit/ngdy dé cé thoi gian tiép xtc tAng rong
1a 3,5 gio.

Sau 24 gid rira giai, cic miu nudc dd xir ly dugc lay ra tir bo thu

gom phan doan 6 d& phan tich cic hop chét con lai trong d6: Céc két qua
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thu dugc duge thé hién trong Bang 5.

Bang 5
Zeolit SAR | TOC (mg/l) | BPuong lugng phenol (ppm)
Khéng (mau & dang - 461 30
nhu vy)

ZeolitY CBV 100" | 5 446 0,353
Zeolit Y CBV 720" | 30 150 0,264
Zeolit Y CBV 712V | 12 447 16,34
ZSM-5 280 388 0,10
Mordenit"”) 200 365 0,849
Zeolit FCCY 10 476 0,197
Zeolit Y CBV 780" | 80 428 0,281

M. zeolit ctia Zeolyst;

@ zeolit cia Tosoh;

®  zeolit ciia Grace.

Dir liéu bao cdo trén ddy cho thiy cac hop chét hitu co khong dugce

loai b6 hoan toan: thuc t€, cac gia tri vé ham lugng cacbon hitu co tong

(TOC) cho thdy su ¢6 mit ciia cac hop chit hitu co

Nudc thu duge tir xir Iy bang Zeolit Y CBV 720 dugc dua véo thir

nghiém dinh tinh va dinh lugng dé x4c dinh cac hop chét hiru co van ¢6

mit: dit lidu thu duoc dugc thé hién trong Bang 6.

Bang 6

Hop chét hiru co Nbng d6 (ppm)
Etylenglycol 31,6
Axeton 18,2
1-propanol 19,7
Trietylenglycol 59,0
Metanol 349

24
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Etanol 35,18

Axit axetic 49,02

C6 thé thuc hién viéc loai bd cac hop chét hiru co, duoc thé hién
trong Bang 6, nhu duoc thé hién trbng cac vi du dudi day, bang cach dua

nudc nay vao thiét bi loc nano.

Vidu?2
Xir Iy nudce san xuit bang Zeolit

Nué6e san xuit duge st dung c6 ham lugng cacbon hitu co téng
(TOC) bing 4185 mg/lit.

Lugng céc hop chét duong luong phenol bang 30,59ppm dugc xac
dinh trong nudc nay nho thit nghiém dinh luong.

Nuéde san xuét cling duoc dua vao phan tich sic ky khi ciing véi phd
khéi (GC-MS) va phan tich ndy dugc hoan thanh nhd phén tich phan
chiét bang etyl ete ctia chét nhii héa (bao gbém dich nbi bé mat) sau khi
axit héa & do pH 2, van hanh theo cac budc da dugc mo ta trong:
“Standard Methods for the Examination of Water and Wastewater”
(1998), tai ban lan thir 20, Phuong phép sb 5560: Cac két qua thu duoc
dugc thé hién trong Bang 7. Van hanh theo phuong phép sb 5560, cac
hop chét hitu co ¢ trong nudc san xuét dugc chuyén hoa thanh cac axit
tuong tmg, do d6 thu dugc cac chi ddn vé ngudn gbc cia ham luong
cacbon hitu co tdng (TOC) va dic biét 1a v& d6 dai cua mach nguyén tir
cacbon c6 chtra trong do.

Bang 7

Axit hiru co Nong d6 (ppm)

Axit axetic 2200
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Axit propionic 24

Axit isobutyric 36
Axit butyric 3600

Axit n-valeric 4
Axit caproic 450

Dit lidu bao cdo trén ddy cho thdy mirc d6 phirc tap v& mat héa hoc
18 rang ctia hdn hop cac hop chét hiru co ¢6 trong nudc san xuit va lugng
hop chét hitu co' ¢6 tir 2 dén 6 nguyén tir cacbon.

Zeolit dugc thé hién trong Bang 8 dugc thr nghiém. Zeolit duoc
danh gid qua thir nghiém duoc thuc hién bang cach sir dung bo thir
nghiém duoc thé hién trén Fig. 1.

Cot thiy tinh 3 véi bd hd trg va bo ndi Teflond (DuPont) dugc sir
dung nham muc dich nay, c6 duong kinh 1a 2,5 cm va d6 dai 1a 30 cm,
chira 170 g zeolit. Cot nay dugc nap nude san Xuét & nhiét 3o béng 20°C,
& 4p suit van hanh bang 1 bar (1.10"* kPa) va & d6 pH 7, qua bom nhu
dong 2, v6i dong nudc bang 1 lit/ngay dé c6 thoi gian tiép xuc tang rong
1a 3,5 gio.

Sau 24 gid rira giai, cdc mau nude di xir 1y dugc 14y ra tir bd thu
gom phén doan 6 dé phén tich cac hop chit con lai trong d6: Céc két qua

thu duoc dugc thé hién trong Bang 8.

Bang 8
Zeolit SAR TOC (mg/1) Duong lugng
phenol (ppm)
Khoéng (miu & dang - 4185 30,59
nhu viy)
Zeolit Y CBV 100" 5 3083 9,50
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Zeolit Y CBV 720 30 2357 2,80
Zeolit Y CBV 712 12 3776 26,00
ZSM-5" 280 3542 18,20
Mordenit® 200 3500 15,60
Zeolit FCCY) 10 3772 21,00

. zeolit cia Zeolyst;

@ zeolit ctia Tosoh;

3 zeolit ctia Grace.

Dit liéu bio céo trén day cho thiy cic hop chit hiru co khéng duge
loai bé hoan toan: thyc té, cac gia tri vé ham luong cacbon hitu co téng
(TOC) cho thy su cé mit cta cac hop chit hitu co chi yéu chira céc hop
chét hitu co ¢6 tir 2 dén 6 nguyén tir cacbon theo cac bude duoc thé hién
trong Bang 7.

C6 thé thuc hién viéc loai bd cac hop chit hiru co, dugc thé hién
trong Bang 7, nhu duoc thé hién trong céc vi du dudi ddy, bang cach dua

nudc nay vao thiét bi loc nano.

Vidu 3
Thai mudi: so sanh gifta hai mang loc nano ua nuéc SelRO® MPS-44 va
Desal®-5-DL

Dung dich nuéc mubi téng hop trong nudc cit duoc sir dung. Cac
dung dich mdt thanh phin khic nhau dugc didu ché véi bay ndng do
ding mol ctia mbi mudi d& so sanh dic tinh cua cdc mang nay trén cic
chét tan khac nhau, ndng d6 bing nhau: cic mudi va ndng do duogc thé
hién trong Bang 9.

| Bang 9

Nong do (mol/lit)

0,0007 | 0,0035 | 0,007 | 0,014 | 0,021 | 0,028 | 0,035
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Mudi PM Nong do (ppm)
(dalton)
NaCl 58,4 41 200 | 410 | 820 | 1200 | 1600 | 2000

MgCl,.6 2033 140 710 | 1400 | 2800 | 4300 | 5700 | 7100
H,0

Na,SO4 142 99 500 | 990 | 2000 | 3000 | 4000 | 5000

MgS0,.7 246,5 170 860 | 1700 | 3400 | 5200 | 6900 | 8600
H,O

Fig. 4 va Fig. 5 thé hién két qua thu duoc vé phan trim mirc thai béi
mang SelRO® MPS-44 theo sing ché trén dung dich magie va natri
clorua & cac ndng d6 mol khic nhau va & hai 4p sudt van hanh khac nhau.

Tir biéu d6 c6 thé thiy ring murc thai ciia mang SelRO® MPS-44 véi
clorua 13 rit cao. Véi sy c6 mit ciia dung dich lodng, mirc thai cta natri
clorua hoi cao hon so véi murc thai clia magie clorua. Khi ndng d¢ ting,
mirc thai giam xubng dé dat gia tri gdn nhu khéng dbi. Trong khi d6i vdi
MgCl, thi ngugce lai, ngay ca khi khéng rd rét: khi néng do ting, muc
thai ting nhe cho dén khi vuot qua mirc thai cla natri clorua & ndng d6 13
0,007 mol/l va dat céc gia tri khong ddi. Mc thai ciia Na,SO, va MgSO,
boi SelRO® MPS-44 trén co s& ndng do 1a khong ddi va bang 100% ngay
c4 & 4p suat bang 10 bar.

Khi so véi mang Desal®-5-DL (so sanh), dic tinh dat duoc bing
mang theo sang ché (ttrc 12 mang SelRO® MPS-44) thdm chi con rd rét
hon.

Fig. 6 thé hién két qua thu dugc vé& phin trim muic thai béi mang
Desal®-5-DL trén dung dich clorua va sulfat cta natri va magie & cac

néng do mol khac nhau. Biéu d6 dugc thé hién trén Fig. 6 cho thiy, nhét
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13 v6i clorua, mirc thai kém hon déng ké so vé6i cac két qua thu duge
bing mang SelRO® MPS-44 theo sang ché.

Vidu4

Mirc thai cia cac hop chat hiru co phén cuc khéng duoc loai bé bang
zeolit: so sanh gitta hai mang loc nano ua nudc SelRO® MPS-44 va
Desal®-5-DL

Nhiam muc dich nay, tong hop dung dich dugc kiém tra bao gdm cac
hop chét hitu co phén cuc v6i phan tir luong thip va trung binh, khong
duoc loai bd bai zeolit nhu duge thé hién trong cac Vi du 1-2 dugce bao
cdo trén day.

Dung dich chtra mét thanh phdn & thoi diém & ndng d6 bing
1000ppm, & 4p sudt van hanh bang 10 bar (10.10™ kPa), & nhiét do bang
20°C va & d6 pH 7, dugc kiém tra béng cach st dung by thtr nghiém
dugc thé hién trén Fig. 2. Luu luong riéng (kg phan thim qua trén mdi
mét vudng bé mit ctia mang loc nano wa nuéc trong mdi gid) bing 1
kg/(m” x h).

Bang 10 thé hién céc dic tinh héa hoc-vat 1y ciia cac hop chit hitu
co phan cuc duge sir dung va mure thai thu duge bang cach sir dung mang

loc nano wa nuéc SelRO® MPS-44 theo sang ché.

Bang 10
Hop chithitu co | Phén tir lwgng | Puong kinh phan tir | Mirc thai (%)
(1000ppm) (g/mol) tuong duong (nm)

Metanol 32 0,504 15,5
Etylen glycol 62,1 0,561 59,4
Tert-butanol 74,1 0,669 97,6

Metyl-t-butylete 88,2 0,723 98,4

(MTBE)

Dietylenglycol 106,1 0,670 91,6
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Trietylenglycol 150,2 0,757 97,7

Bang 11 thé hién cac dic tinh héa hoc-vét ly cua céc hop chét hitu
co phan cuc dugce st dung va muc thai thu dugc bé'mg cach st dung mang

loc nano wa nuéc Desal®-5-DL (so sanh).

Bang 11
Hop chithitu co | Phan tir luong | Puong kinh phan tir | Mrc thai (%)
(1000ppm) (g/mol) tuong duong (nm)

Metanol 32 0,504 2
Etylenglycol 62,1 0,561 4
Tert-butanol 74,1 0,669 10

Metyl-t—butylete 88,2 0,723 15

(MTBE)

bietylenglycol 106,1 0,670 7
Trietylenglycol 150,2 0,757 14

Dir liéu thé hién trong Bang 11 cho thdy cach sir dung mang loc
nano wa nuéc Desal®-5-DL (so sanh) dan dén murc thai kém hon so véi

viéc sir dung mang SelRO® MPS-44 theo sang ché (xem Bang 10).

Vidu5
Miic thai ctia cac hop chat hiru co khong dugce loai bd bang zeolit qua loc
nano bing cach st dung mang loc nano wa nuéce SelRO® MPS-44.

Nhim muc dich nay, tdng hop dung dich dugc kiém tra bao gdm céc
hop chét hitu co phan cuc véi phan tir luong thdp va trung binh, khong
duogc loai bo bz‘“mg zeolit nhu dugc thé hién trong cac Vi du 1-2 duogc bao

cao néu trén.
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Dung dich chita mét thanh phin & thoi diém & ndng d6 bang
1000ppm, & 4p sudt van hanh bing 10 bar (10.10" kPa) va dén 20 bar
(20.10" kPa), & nhiét d6 bing 20°C va & d6 pH 7, duoc kidm tra bing
cach st dung bd thir nghiém duoc thé hién trén Fig. 2. Luu luong riéng
(kg phin thdm qua trén mdi mét vudng bé mit cla mang loc nano ua
nuéc trong mdi gid) bang 1 kg/(m” x h).

Bang 12 thé hién muc thai thu dugce bang cach st dung mang loc

nano wa nuéc SelRO® MPS-44 theo sang ché.

Bang 12
Hop chit hitu co R (%) (10 bar | R (%) (20 bar AR (%)
(1000ppm) (10.10” kPa)) | (20.10"* kPa))
Etylenglycol 59,6 68,2 8,6
Axeton | 77,2 82,6 5,2
1-propanol 86,5 88,8 23
Trietylenglycol 97,7 98,8 1,1

Dit liéu bio céo trén ddy cho thiy su ting mirc thai dich chuyén tur
ap suét van hanh 13 10 bar (10.10"? kPa) dén 4p suét van hanh 1a 20 bar
(20.10" kPa) cao hon khi phan tr nhd hon va vi vay duogc giir lai it hon
bang mang loc nano wa nudc. Dbi véi céc phén tr 16n hon véi cac gia tri
thai cao (87% - 98%), tang tiép &p suat khong 1am cho cai tién dang ké
vé tinh ning [AR (%) bang khoang 1% - 2%]; mit khac c4c phan tt nhd
hon thi dat murc ting khoang 10% khi 4p suét ting.

Vidu6
Miic thai ctia cc hop chét hitu co khong dugce loai bo bang zeolit qua loc
nano bang cach sir dung mang loc nano wa nuéc SelRO® MPS-44

Nhim muc dich nay, tdng hop dung dich duoc kiém tra bao gdm cac
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hop chét hitu co phan cuc v6i phéan tir lugng thip va trung binh, khong
duoc loai bo béng zeolit nhu dugc thé hién trong cac Vi du 1-2 duoc bao
cao néu trén.

Dung dich chita mét hodc hai thanh phin & thoi diém & ndng do
béng 1000ppm, khi khong ¢6 mat cua cac mubi kim loai, hodc véi su ¢6
mit ciia cac mubi kim loai & ndng d6 bing 3500ppm va 7000ppm, & &p
sudt van hanh bang 10 bar (10.10"% kPa), & nhiét d6 bang 20°C va & dd
pH 7, dugc kiém tra béng cach st dung bd thir nghiém dugc thé hién trén
Fig. 2. Luu luong riéng (kg phan thAm qua trén mdi mét vudng bé mit
ctia mang loc nano ua nudc trong mdi gid) bang 1 kg/(m” x h). |

Bang 13 thé hién néng d6 cua cac mudi kim loai c6 mit va mirc thai
thu dugce bing cach st dung mang loc nano ua nuéc SelRO® MPS-44

theo sang ché.

Bang 13
Hop chét hitu R (%) R (%) Mubi
co (1g/l) (khong c6 mit mudi) | (c6 mat mubi)
Etylenglycol 59,6 55,1 NaCl (3500ppm)
Axeton 77,2 76,2 NaCl (3500ppm)
Iso-propanol 90,0 88,5 NaCl (3500ppm)
MgCl, (3500ppm)
Trietylenglycol 97,7 96,1 NaCl (3500ppm)
Metanol + 39,2 36,7 NaCl (3500ppm)
etanol
Metanol + 39,2 35,2 NaCl (3500ppm)
etanol

Dir liéu bao céo trén day cho thdy ham luong mudi cao hdu nhu
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khéng lam thay dbi dic tinh cia mang loc nano va nuéc SelRO® MPS-
44: thyuc té, viéc bd sung mudi chi 1am giam mot cach han ché muc thai.
Vidu7

Mirc thai cta cac mubi cua kim loai ning khong duoc loai bo bang
zeolit qua loc nano bing céch sir dung mang loc nano ua nuéc SelRO®
MPS-44

Dung dich tong hop chira clorua cua dong, kém, cadimi, chi va
mangan, khong duoc loai bé bang zeolit, & ndng d6 bang 1ppm, & 4p sut
van hanh 13 10 bar (10.10" kPa), & nhiét d6 bang 20°C va & pH 7, dugc
kiém tra béng cach sir dung bg thir nghiém dugc thé hién trén F1g 2. Luu
luong riéng (kg phan thim qua trén mdi mét vudng bé mit ciia mang loc
nano wa nudc trong mdi gid) bing 1 kg/(m” x h).

P3 phat hién ra ring mic thai béi mang loc nano wa nuée SelRO®
MPS-44 dbi vé6i kim loai c6 trong dung dich ndm trong khoang tir 98,5%
dén 99,8%.
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Quy trinh xir Iy nuéc 6 nhidm chira cac hop chit hitu co phan cuc
va’/hodc khong phan cuc, va/hodc cac mudi cia kim loai néng,
va/hodc dau dudi dang phan tan hodc nhil twong, bao gbém budc dua
nuéce 6 nhiém niy vao hé théng bao gdm:
- it nhit mot thiét bi hdp phu chtra it nhit mot alumino-silicat
dang vi mao quan hoac dang mao quan trung binh; va
- it nhat mot thiét bi loc nano chira it nhat mot mang loc nano ua
nudc;
trong d6 mang loc nano wa nudc bao gdm polyalkylsiloxan va ¢6
goc tiép xtc véi nude nho6 hon hodc bing 45°, trong d6 alumino-
silicat dang vi mao quén dugc chon tir zeolit c6 dudng kinh 16 trung
binh nam trong khoang tir 3,5 A dn 7,5 A, va trong d6 alumino-
silicat dang mao quan trung binh c6 dudng kinh trung binh nim
trong khoang tir 25 A dén 500 A.
Quy trinh xir Iy nuéc 6 nhiém theo diém 1, trong d6 gbc tiép xuc
nim trong khoang tir 25° dén 40°.
Quy trinh xir Iy nuéc 6 nhiém theo diém 1 hoic 2, trong d6 nudc 6
nhiém dugc chon tir: nudce san xuét c¢6 ngudn gde tir cac giéng dau
hozc khi; nudc bom ép c6 ngudn gbe tir phan quay tré lai bé mat,
cung véi cac hydrocacbon, ctia nuée duge bom vao giéng dé duy tri
cac gia tri 4p sudt & mirc thich hop; nudc tir nha may loc diu; nude
c6 ngudn gdc tir cong nghiép hoa diu; nude ngim c6 ngudn gc tir
cong nghiép loc dau va/hodc tir cong nghiép héa dau.
Quy trinh x{r Iy nudc 6 nhiém theo diém bt ky trong sé céc diém
néu trén, trong do thiét bi hép phu va thiét bi loc nano dugc bd tri

ndi tiép, tét hon 1a thiét bi hip phu duoc b tri trudce thiét bi loc
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nano.

Quy trinh xir Iy nuéc 6 nhiém theo diém bét ky trong sé cac didm
néu trén, trong d6 ham lugng cac hop chét hitu co phan cuc trong
nuée 6 nhiém nidm trong khoang tir 1ppm dn 30000ppm, va/hodc
ham lugng cac hop chét hitu co khéng phén cuc trong nuéc & nhiém
nim trong khoang tir 1ppm dén 30000ppm.

Quy trinh xi Iy nuéc 6 nhiém theo diém bt ky trong sé cac diém
néu trén, trong d6 ham lugng cdc mudi ctiia kim loai ning trong
nuée 6 nhiém ndm trong khoang tir 0,1ppm dén 40000ppm.

Quy trinh x{t Iy nuéc 6 nhiém theo diém bat ky trong sé cac diém
néu trén, trong d6 nuéc 6 nhidm chtra cac mudi cta kim loai kiém
hodc kim loai kidm thd nhu clorua, sulfat, cacbonat, bicacbonat,
borat, cta natri, cta kali, cia canxi, clia magie, cua bari, cla stronti,
clia sit; hodc cac hdn hop cia chung.

Quy trinh x&r Iy nuéc 6 nhiém theo diém 7, trong d6 ham lugng céac
mubi ciia kim loai kiém ho#c kim loai kiém thd trong nuéce 6 nhiém
nam trong khoang tir 0,1ppm dén 40000ppm.

Quy trinh x&r Iy nu6c 6 nhiém theo diém bit ky trong sé cac diém
néu trén, trong d6 ham luong diu, dudi dang phan tin hodc nhil
tuong, trong nuéc 6 nhiém nam trong khoang tir 5 Oppm dén
500ppm.

Quy trinh x&r Iy nuéc 6 nhiém theo diém bt ky trong sé céc diém
néu trén, trong do6 zeolit c6 ty 1& mol silic dioxit/alumin (SAR) nim
trong khoang tir 2 ¢én 500.

Quy trinh xit Iy nuéc 6 nhiém theo diém bét ky trong sb céc didm
néu trén, trong do6 zeolit dugc chon tir silicalit, zeolit ZSM-5, zeolit
Y, mordenit, beta zeolit, ferierit, hodc cac hén hop cta chung.

Quy trinh xi Iy nu6c 6 nhiém theo diém bat ky trong sb cac diém
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néu trén, trong d6 alumino-silicat dang mao quéan trung binh cé it
nhét mot trong sb cac didu kién dudi day:

(a) ty 1é mol silic dioxit/alumin (SAR) nim trong khoang tir 30 tr&
1én;

(b) thé tich 16 nim trong khoang tir 0,3 ml/g dén 1,3 ml/g; va/hodic
(c) dién tich bé mit riéng (Sger) 16n hon hodc bing 500 m%/g.

Quy trinh xir Iy nuéc 6 nhiém theo diém 12, trong d6 alumino-
silicat dang mao quan trung binh cé cdu triic hdu nhu v6 dinh hinh,
tot hon 1a ¢4 cau triic v6 dinh hinh hoan toan.

Quy trinh xir Iy nudc 6 nhiém theo diém bét ky trong sb cac diém
néu trén, trong d6 nudc 6 nhiém duogc cho tiép xuc véi alumino-
silicat dang vi mao quan hodc dang mao quan trung binh trong thoi
gian nam trong khoang tir 1 phat dén 5 gio.

Quy trinh xir Iy nuéc 6 nhiém theo diém bét ky trong sb cac didém
néu trén, trong d6 mang loc nano wa nudc cé it nhat mot trong sb
cac diéu kién duéi day:

(a) d6 thim nuéc, duge do & 22°C, nim trong khoang tir 0,5 1/(m” x
h x bar) &n 5 1/(m” x h x bar);

(b) ning lugng bé mit ndm trong khoang tir 40 mN/m dén 80 mN/m;
(c) nhiét d6 van hanh t6i da nim trong khoang tir 15°C dén 50°C;

(d) 4p sudt van hanh t6i da ndm trong khoang tir 5 bar (5.10"* kPa)
dén 45 bar (45.10" kPa);

(e) trong luong phan tir cit (MWCO) nim trong khoang tir 150
dalton dén 300 dalton; va/hodc

(f) 6 pH van hanh téi da ndm trong khoang tir 1 dén 12.

Quy trinh xir Iy nudce 6 nhidm theo diém bét ky trong s cac diém
néu trén, trong d6 luu luong riéng (kg phan thdm qua trén mdi mét

vudng bé mit cia mang loc nano wa nudc trong moi gid) nam trong
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khoang tir 0,5 kg/(m” x h) dén 50 kg/(m” x h).

Quy trinh xir Iy nuéc 6 nhiém theo diém bét ky trong sb cac diém
néu trén, trong d6 nuéc 6 nhiém dugc dua vao hé thdng véi it nhét
mot trong s cac didu kién duéi day:

(a) nhiét d6 ndm trong khoang tir 10°C dén 40°C;

(b) d6 pH nim trong khoang tir 1 dén 12;

(c) 4p suit nim trong khoang tir 0,5 bar (5.10"* kPa) dén 35 bar
(35.10" kPa).
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