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Sang ché dé cap dén quy trinh xir 1y c4c hop chit hitu co bén vitng c6 chtra nguyén tb
flo (FPOPs) trong nudc va nude thai bang phuong phap hap phu - xic téc quang. Cu
thé, sang ché dé xudt phuong phép xir Iy hop chét Heptadecafluorooctanesulfonic acid
potassium c6 trong nudc, nude thai, trong d6 phuong phap nay chi yéu bao gdm cac
qua trinh hoc co hoc nham loai bd céac chét rin lo lng c6 trong nude thai, diéu chinh
pH thich hop, hép phu va 6 xy hoa duéi tic dung clia xic tic quang trong ving tt ngoai
hodc kha kién phi hop, chét xuc tac tao ra cac gdc c6 kha ning 6xi hoa - khir chét hitu
co. Pa sb hop chét hitu co Heptadecafluorooctanesulfonic acid potassium dugc 6 xy
héa bang phuong phap hap thu - xuc tic, thay vi phuong phap 6 xy héa héa hoc. biéu
nay dan dén tiét kiém chi phi hoa chét, quy trinh xtr Iy FPOPs tré nén than thién moi

truong.
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Linh vwe ky thuat dwee dé cap

Sang ché dé cap dén quy trinh xit Iy c4c hop chat FPOPs c6 mit trong nudc, nude thai
bang phuong phép hép phu - xtc tac nhd st dung chét hip phu duéi dang hat ran c6
pht chét xuc tac 1én bé mit, két hop véi tac dung ciia 4nh sang tir ngoai, kha kién c6 tac
dung xtic tdc phan img 6 Xy hoa hop chat hiru co FPOPs. Chét hap phu - xtc tac ¢6 chét
nén mang dugc xic dinh trong phan md ta dudi ddy va bao gbm it nhit mot pha hoat
tinh trén co s¢ 6 xit titan & dang kich thudc nano. Sang ché nay cung cip quy trinh xtr
Iy céc hop chat FPOPs khong st dung hoa chét, than thién v6i moi truong, dat chi phi

hiéu qua trong viéc xu ly chét hiru co FPOPs.
Tinh trang ky thuit cia sang ché

Céc hop chét flo hiru co bén virng, viét tat 1a FPOPs, 1a mt nhoém céc hop chit flo héa
hitu co, ching dugc dic trung bdi mot chudi alkyl dugc flo héa hoan toan hodc mot
phan. Nho cdu tao dic biét, cc hop chat FPOPs ¢6 dic tinh twong dbi bén viing, khong
thdm uét, c6 kha niang chéng lai luc tac dong gdy phd vO cac cAu tric héa hoc, tro vé
mit hoa hoc, rit tron, khong dinh, chéng chéy cao, tinh bén nhiét cao, c6 khi niang
chéng chiu thoi tiét (Ding G, P. W., 2013, Physicochemical properties and aquatic
toxicity of poly- and perfluorinated compounds, Crit. Rev. Environ. Sci. Technol. 43,
598-678). Do do, ching dugc st dung trong mot s& nganh cong nghiép va xuét hién
trong mdt pham vi 16n cac san pham tiéu ding nhu sir dung trong 16p fluoropolymer
trang bé mat cac dung cu nau an, qu?m 40 thé thao, déng phuc quan su, thiét bi xr ly
thyc pham, thiét bi y té, phu gia dau déng co, bot chita chay, son va muc in cling nhu
cac san phim chéng thdm nuéc khac (Voogt P., S. M., 2006, Analytical chemistry of
perfluoroalkylated substances, Anal. Chem. 25,. Anal. Chem. 25, 326-342; Ahrens, L.,
2011, Polyfluoroalkyl compounds in the aquatic environment: a review of their

occurrence and fate, J. Environ. Monit. 13,20-31).

Ung dung rdng rai cia FPOPs rong rii trong cic nganh cong nghiép da dan dén viéc

thai bé chiing vao méi trudng tir cac ngudn truc tiép nhu san xuat FPOPs va st dung
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cac san phim c6 chtra FPOPs, cling nhu tir cac ngudn gian tiép nhu tap chét phan tmg

hodc qua trinh phan hdy cac tién chét ctia FPOPs.

Do dic tinh bén ving trong moi trwong, va cd tinh Ung dung cao nén di c6 nhiing lo
ngai vé strc khoe con ngudi khi co su tiép xuc v6i cac hop chit nay. Cac hop chit FPOPs
vbn duoc coi 1a nhitng hoa chét khong c6 hoat tinh sinh hoc, tuy nhién nghién ctu trén
dong vat cho thdy nhitng hop chét nay gay tac hai cho gan, hé mién dich va co quan
sinh san (Joensen UN., B. R., 2009, Do perfluoroalkyl compounds impair human
semen quality, Environmental Health Perspect Vol. 117(6), 923-927, Fei C, M. ],
2009, Maternal levels of perfluorinated chemicals and subfecundity, Human

Reproduction Update24, 1200-1205).
Hién tai, ¢6 cdc phuong phép xtr Iy cac hop chit FPOPs dang dugc st dung nhu sau:
1) Phuong phép loc mang

Ky¥ thuét loc tién tién nhu loc nano dugc chimg minh 1a ¢ thé loai b dang ké hop chét
FPOPs trong nudc va nude thai vai ty 1¢ loai bo FPOPs trong nudc thai dao dong trong
khoang 90% dén 99% khi st dung loc nano (Tang, C. S., 2007, Effect on flux
(transmembrane pressure) and membrane properties on fouling and rejection of reverse
osmosis and nanofiltration membranes treating perfluorooctane sulfonate containing
wastewater, Environ Sci Technol 41, 2008-2014; Schroder, H. J., 2010, Biological
wastewater treatment followed by physicochemical treatment for the removal of

fluorinated surfactants, Water Sci. Technol. 61, 3208-3215).
2) Phuong phap hép phu

Qué trinh hip phu ciing dugc danh gid 1a c6 kha nang trong viéc loai bo cac hop chat
FPOPs trong nudc va nuée thai. Than hoat tinh duge st dung nhiéu nhét dé danh gia
kha nang loai bé PFOS va PFOA, 12 hai hop chét dién hinh nhét cta FPOPs, trong
nudc va nude thai. Than hoat tinh dang bt (PAC) c6 hiéu suét xir 1y cao hon so voi
than hoat tinh dang hat (GAC). Déc biét, thoi gian dat can bang v6i qua trinh hép phu
béng PAC 12 6 gio, so v6i GAC 1a 168 gio (Ochoa-Herrera, V. S.-A., 2008, Removal of
perfluorinated surfactants by sorption onto granular activated carbon, zeolite and

sludge, Chemosphere 72, 1588— 1593; Qu, Y. Z., 2009, Equilibrium and kinetics study
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on the adsorption of perfluorooctanoic acid from aqueous solution onto powdered

activated carbon, J. Hazard. Mater. 169, 146-152).
3) Céc qua trinh oxi hoa nang cao (AOPs)

Céc qua trinh oxy hoa néng cao (AOPs) da dugc thir nghiém dé danh gi4 kha ning loai
bd cac chét 6 nhiém hitu co bén viing. Qué trinh AOPs hoat dong dua trén viéc hinh
thanh tai chd cac gbc oxy hoa manh, thuong la cac gbc tur do, thong qua viéc hoat hoa
céc tac nhan oxy héa nhu hydrogen peroxide (H202), persulfate (S20s%), tac nhén
Fenton va peroxymonosulfate (HSOs") bﬁng btre xa, nhiét v4i su ¢6 hodc khdng c6 mat
ctia chét xtc tac nhu phosphotungstic acid (HsPW12040), TiO2. Trong cac quétrinh nay,
céc gbe hydroxyl thuong tAn cong cic hop chét hitu co bang cach hinh thanh nén céc
gbc c6 carbon lam trung tim thong qua phan ng thé hydro. Mic du cac hop chat FPOPs
khong chira cac nguyén tir hydro dé thay thé, nhung cac gbc hydroxyl phéan tng thong
qua qué trinh chuyén electron truc tiép dé hinh thanh ion hydroxyl it bén vitng hon vé
mit nhiét dong hoc. Cho dén nay, mot s6 phuong phép quang hoa nhu quang héa truc
tiép, quang hoda tac nhan oxy hoa la persulfate (Hori, H. Y, 2009, Efficient
decomposition of environmentally persistent perfluorocarboxylicacides by use of
persulfate as a photochemical oxidant, Environ. Sci. Technol. 39, , 2383-2388); quang
xuc tac (Hori, H. H., 2004, Decomposition of environmentally persistent
perfluorooctanoic acid in water by photochemical approaches, Environ. Sci. Technol.
38, 6118— 6124), photo-Fenton (Wang, Y. Z., 2008, Ferric ion mediated photochemical
decomposition of perfluorooctanoic acid by 254 nm UV light, J. Hazard. Mater. 160,
181-186), ... da dugc danh gia ¢ hiéu qua trong viéc loai bo céc hop chat FPOPs
mach ngin trong nudc thai. Gan day, cac qud trinh oxy héa persulfate bang nhiét hogc
song siéu am (Lee, Y. L., 2010, Microwave-hydrothermal decomposition of
perfluorooctanoic acid in water by iron-activated persulfate oxidation, Water Res. 44,
886-892) va qua trinh oxy hoa nhiét-persulfate (Hori, H. N., 2008, Efficient
decomposition of perfluorocarboxylic acids and alternative fluorochemical surfactants
in hot water, Environ. Sci. Technol. 42, 7438-7443) da duoc nghién ctru va cho thiy
kha nang loai bo thanh cong hop chat FPOPs.

Nhu vy, c¢6 thé thdy cac cong nghé trén déu c6 kha ning loai bo hop chat FPOPs khéi
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nuée va nudce thai, song ching van c6 nhitng nhuoc diém dang ké. Véi cong nghé loc
mang cho hiéu qua xur Iy cao nhung chi phi cao do yé€u cdu nang luong 16n, va can xir
ly so bd trude khi loc. Vi qua trinh hép phu béng than hoat tinh, hién van con kha
nhidu ban luan vé hiéu qua xu ly v6i ting hop chat FPOPs. Ngoai ra hiéu qua xir Iy con
bi anh hudng kha nhiéu boi su hép phu canh tranh cua cac chét hitu co tu nhién, can
thiét phai t6i wu hoa nhiéu thong s6 cta qué trinh nhu pH, nhiét do, thoi gian tiép xuc,
.. Dac biét, qua trinh hap phu lai sinh ra mot lugng chét thai cAn phai xir Iy khi chét
hép phu dat dén trang thai bdo hoa. Céc qua trinh AOPs hoan toan c6 kha nang xt ly,
loai bo céac hop chit FPOPs ra khoi nude. Tuy nhién, hau hét cac két qua nghién ctru
nay dugc thuc hién trong didu kién nghiém ngdt trong phong thi nghiém voi noéng dod
hop chit FPOPs, ngudn burc xa, nhiét do va ap suét cao. Didu nay cho thdy rang viéc
loai bo cac hop chit FPOPs c6 thé s& khong dat hiéu qua mong muén trong diéu

kién thuc té.
Ban chit ki thuit ciia sing ché

Sang ché dé& cap dén quy trinh xt ly hop chit FPOPs, cu thé la
Heptadecafluorooctanesulfonic acid potassium c6 trong nu¢ce, nuéce thai theo phuong
phap hép phu - 6 xy héa xuc tac quang héa, bao gdm céc budce loc co hoc, diéu chinh
gia tri pH thich hop, hép phu va 6 xy hoa quang hoa béi tac dung cta vét liéu nano TiO2

trén vat liéu nén co hoat tinh chira 6 xit titan (TiO2) v6i lidu Iwong thich hop.

TiO, & kich thuéc nanomet khi duoc chiéu anh sang n6 trd thanh mot chét 6xi hod manh
trong sb nhitng chit da biét: gip 1.5 1an ozon, gp hon 2 14n clo, nén noé 1a chit oxi hoa
hiéu qua dé 6 xy hoa cac hop chét hitu co, dic biét 1a cac chéit hiru co kho phan huy.
TiO; c6 thé phan huy céac chét hitu co doc hai bén vitng nhu dioxin, thude trir sau,
benzen..., cling nhu mot s6 loai virus, vi khuin giy bénh vdi hiéu suét cao hon so véi

cac phuong phap khac.

Trong cong nghé quang xuc tac, anh sang chinh 14 nhan t8 kich hoat chét xtc tac gitp

cho phan Urng xay ra. Didu kién d& mot chét c6 kha ning quang xc tac la:
+ C6 hoat tinh quang hoa;

+ Co6 ndng lugng vung céAm thich hop dé c6 thé hap thu dugc anh sang cyc tim hodac
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anh sang nhin thiy.

Khi duoc chiéu anh sang c6 ning lugng photon (hv) thich hop, bang hodc 16n hon nang
lrong vung cAm Eg (hv > Eg), s& tao ra cdc cgp electron - 16 trdng (e- - h +) va c6 su
trao déi electron véi cac chat b hép phuy, thong qua cau ndi 1a chit ban dan. Céc electron
duoc chuyén 1én ving dan (electron quang sinh), con cac 16 tréng & lai vang hod tri.
Cac phan tu cua chit tham gia phén ung dugc hép phu trén bé mit chét xuc tac gbm hai

loai:
+ Céc phan tir c6 kha nang nhén electron;
+ Céc phan tr c6 kha nang cho electron

Qué trinh chuyén electron ¢6 higu quéa hon néu cac phan tt chat hitu co va vo co bi hap
phu trén bé mat chat xtc tac. Khi do, cac electron & ving dan s& chuyén dén noi c6 cac
phan t& ¢6 kha nang nhén electron va qua trinh khir xay ra, con céc 10 trong s€ chuyén

dén noi co cac phan tir c6 kha nang cho electron dé thuc hién phan g 6xi hoa.

Mo ta vin tit hinh vé

Hinh 1. So dé quy trinh xit Iy cde hop chat FPOPs

M ta chi tiét sang ché

Cac dic diém va vu diém ctia quy trinh xtr ly FPOPs ¢6 trong nuéce hodc nude thai voi
nbéng do ban dAu tir 0,05 — 0,2 mg/L bang phuong phap hép phu - 6 xy hoa xiic tdc quang
hoa s& tré nén rd rang hon qua phan mb ta duéi déy:

a. Loai bo tap chit, chét ran lo limg c6 trong nude, nudc thai

Phuong phap dé loai bé tap chét, chét ran lo limg c6 trong nudc, nude thai trong quy
trinh nay 1a phuong phap loc co hoc. Vit licu st dung dé 1am vat liéu loc 1a cat thach
anh. Trong quy trinh loc, cat thach anh co6 tac dung la gilp giit lai c4c tap chét lo lting
khong két tha dugc trong nude, cac can ban ¢o kich thude 16n, sinh vat phu du, phu sa,
xac dong vAat, v.v... Dung cét thach anh dé loc s& khong bi hoa tan, khong phat sinh chét
doc hai, c6 thé tai sit dung nhidu Ian. Cat thach anh ¢6 thanh phan chinh 1a Silic dioxit
(Si0) chiém dén 98,92 %, ngoai ra con chira mot s6 nguyén t6 hoa hoc nhu: AlL,Os -
0,5%, ZnO - 0,2%, CaO - 0,23%,...
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Thong sb cét thach anh:

- Piac diém: dang hat, déu, nhiéu goc canh.

- Mau séc: Tring nga hodc vang niu.

_ Ty trong - khéi lugng riéng: 1.400 kg/m’.

- Kich thuéc cat thach anh: 0,7 — 1,2mm.

Dong nudc, nudce thai tiép xtic v6i khdi vat liéu loc theo phuong thing ding, theo hudng
tir trén xubng dudi voi van te loc toi da 0,5 m/h, thoi gian luu t6i thidu 40 phat. Thir
dd duc cua nudce, nudce thai béng cac thiét bi do do duc thong thuong. Quy trinh loc cho
két qua do duc tdi da cia nude, nude thai 1a 10 NTU.

b. Pidu chinh pH ctia dong nudc, nude thai

Dong nuée, nudc thai sau khi loc, dat do duc tdi da 10 NTU dugc diéu chinh pH dén
gia tri khoang tr 3,8 dén 4,2. Hoa chét diéu chinh pH dugce st dung NaOH hodc H2SO4
tiy thudc vao gia tri pH cla nudc, nude thai sau khi loc. Néu gia tri pH ctia nude, nude
thai sau khi loc nhé hon 3,8 thi st dung NaOH, con néu gia tri pH cua nude, nude thai
sau khi loc 16n hon 4,2 thi sit dung H2SO4 dé diéu chinh.

Didu kién didu chinh pH:

- Nudc, nudce thai duge cép lién tuc vao thung diéu chinh,

- Nhiét do diéu chinh: nhiét do trong phong

- Téc do khudy tron: 150 vong/phut

- Dung dich didu chinh pH (NaOH / H2SO4) duge pha ¢ ndng d6 0,1N

- Kidu didu chinh: tw dong didu chinh bing thiét bi diéu chinh pH thong thuong, véi 2
kénh axit va bazo.

c. Hip phu - 6xy hoa hop chat FPOPs

Trong cong doan nay, nudc va nude thai co chira cac hop cht FPOPs sau khi dugc diéu

chinh pH thich hop (cong doan b) s& dugc cip lign tuc vao bé hap phu - 6 xy hoa theo

trinh tu nhu sau:
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- Nude, nude thai duge cung cép vao bé hip phu - 6 xy hoa vdi thoi gian luu tir 25 — 33
gio,

_ 3 do su giira bé, bb tri ludi do vat ligu xdc tac voi liéu lugng 0,12 ke/L,

- VAt liéu xuc tac TiO2(NPs)/GBs la vién thuy tinh ¢6 duong kinh tir 3 dén 5 mm, duoc
pht hat nano TiOa, ¢6 dién tich bé mat riéng dat khoang 8,94 m?/g, co chira ham luong

titan 0,2% khdi lugng.
- Peén buc xa tia UV cOng suat 320W/m?, duoc chiéu tir trén Xuéng,
- Dung dich duoc khudy tron nho hé théng suc khong khi véi luu lugng 400 L/m?.h.

Cho dong nuée, nude thai ¢ chira cac hop chit FPOPs, cép vao bé hip phu - 6 xy hoa
Jién tuc v6i luu lugng twong tmg voi thoi gian luu tr 25 —33 gio. Tai day, cac hop chét
FPOPs duoc hép phu 1én bé mit cua vat liéu xtc tac. Nho dugc chiéu &nh séng c6 nang
lwgng photon (hv) thich hop, bang hodc 16n hon nang lugng vung cadm Eg (hv > Eg),
s& tao ra cac cap electron - 16 tréng (e- - h +) va ¢ su trao dbi electron véi cac chat bi
hép phu, théng qua cdu nbi 1 chit ban din. Céc electron duoc chuyén 1én ving dan
(electron quang sinh), con cac 15 trdng & lai viing hoa tri. Khi d6, cac electron & vung
dén s& chuyén dén noi c6 cac phan tir c6 kha nang nhan electron va qua trinh khr xay
ra, con céc 16 tréng sé chuyén dén noi c6 cac phéan tir c6 kha nang cho electron dé thuc
hién phan Gmg 6xi hoa.

V&i ndng do cac hop chit FPOPs ban dau tir 0,05 — 0,2 mg/L, sau khi duoc hép phu - 6
xy hoa quang hoéa, hiéu suét xtr ly cac hop chit FPOPs dat tir 70 — 90%.

Vi du thuc hién :
Giai phép hitu ich nay s& dugc minh hoa bang cac vi du khong gidi han sau day.
Vidu 1:

Mot thing nuéc Kkhoang 200 lit nudc chita khoang 0,095 mg/L
Heptadecafluorooctanesulfonic acid potassium, ¢6 d6 duc ban dau khoang 10 NTU va

pH khoang 6,8 dugc xtr ly theo quy trinh chi dinh trong sang ché.

Bude 1: Dung dich (khoang 200 lit ) dugc loc qua bé loc cat thach anh (kich thudc cat
thach anh: 0,7 — 1,2mm) v&i luu lugng 10 L/h, dung dich ¢6 do duc giam tur 10 NTU

711
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xudng 5 NTU.

Buée 2: Dung dich (khoang 200 lit) dugc diéu chinh pH cta dung dich tir 6,8 dén 4,02
stt dung hét khoang 200 mL H28O4 0,1N.

Bude 3: Dung dich thu dugc trong bude 2 (khoang 200 lit) dugc bom vao bé hip phu
va 6 xy héa véi luu lugng khoang 3 L/h. B& hip phu - 6 xy héa ¢6 thé tich khoang 96
lit, c6 chua khoang 11,5 kg vt liéu xuc tac TiO2(NPs)/GBs dugc rai déu trén ludi. Bén
UV duoc b tri chiéu tir trén nip bé xudng v6i cuong do 320W/m?. Trong bé hép phu
- & xy hoa, dung dich dugc dao tron bé‘lng cach suc khong khi vao dung dich voi luu
luong khoang 400 I/m2h. Dung dich thu dugc (khoang 200 lit) c6 chtra hop chét
Heptadecafluorooctanesulfonic acid potassium v&i ndng dd phan tich dugc 0,0273

mg/L. Hi€u sut xtr Iy hop chit FPOPs dat khoang 71,2%.
Vidu 2:

Mot lwong nudc khac khoang 200 lit nuéc chua khoang 0,063 mg/L
Heptadecafluorooctanesulfonic acid potassium, c6 do duc ban dau khoang 8 NTU va

c6 gia tri pH khoang 3,01 duge Xt ly theo quy trinh.

Buéc 1: Dung dich (khoang 200 lit) duoc loc qua bé loc cat thach anh (kich thudc cat
thach anh: 0,7 — 1,2mm) v6i luu luong 10 L/h, dung dich ¢6 do duc giam tur 8 NTU
xudng 3 NTU.

Buéc 2: Dung dich (khoang 200 lit) duge bom vao bé didu chinh pH lién tyc voi luu
lugng 3 L/h, dung dich dugc diéu chinh pH tuy dong 1a pH béng 4, st dung hét khoang
1,75 lit NaOH 0,1N.

Buéc 3: Sau khi diéu chinh gié tri pH bang 4, dung dich dugc bom vao bé hip phu va
6 xy hoa voi luu luong khoang 3 L/h. B& hap phu - 6 xy héa c6 thé tich khoang 96 lit,
6 chira khoang 11,5 kg vat liéu xtc tac TiO2(NPs)/GBs dugc rai déu trén lugi. Dén UV
duoc b tri chibu tir trén ndp bé xudng véi cuong do 320W/m?. Trong bé hip phu - 6
xy hoéa, dung dich dugc dao tron béng cach suc khong khi vao dung dich voi luu lugng
khoang 400 L/m2h. Dung dich thu duoc (khoang 200 lit) c6 chira hop chét
Heptadecafluorooctanesulfonic acid potassium v6i ndng d6 phan tich dugc sau 48 gio

12 0,00715 mg/L va sau 60 gidr 1a 0,00755 mg/L. Hiéu sudt xi 1y hop chét FPOPs sau
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48 gidr va sau 60 gidr dat khoang twong ung la 88,6% va 88,0%.

Dung dich nugc trude va sau khi xtt ly trong quy trinh trén dugc phan tich noéng do cla
hop chét Heptadecafluorooctanesulfonic acid potassium bang thiét bi sic ky 1ong khéi

phé (LCMS — 8040 ctia hang Shimadzu, Nhat Ban).
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YEU CAU BAO HO
1. Quy trinh xtr ly cac hop chét hitu co bén vitng c6 chita nguyén td flo (FPOPs) trong
nuée va nudc thai bao gdbm cac cong doan: loai bo tap chét, chit ran lo ltng; diéu chinh

pH; hép phu - 6 xy hoa hop chit FPOPs, trong do:
loai bd tap chét, chét rn lo lung:

cho dong nude, nudce thai tiép xtc v6i khdi vat liéu loc st dung cat thach anh c6
kich thudc khoang tir 0,7 dén 1,2mm theo phuong thang dimg, theo hudng tir trén
xubng duéi véi van toe loc toi da 0,5 m/h, thoi gian luu t6i thiéu 40 phut, két qua

do duc tdi da cua nude, nude thai la 10 NTU; va
diéu chinh pH:

nuée, nude thai duge cép lién tuc vao thing diéu chinh, didu chinh & nhiét do trong
phong véi tbc do khudy tron khoang 150 vong/phit, dung dich diéu chinh pH la
NaOH 0,1N néu gi4 tri pH ban ddu ciia dung dich nuée, nude thai duéi 3,8 hogc
H,S04 0,1N néu gié tri pH ban dau trén 4,2; qua trinh didu chinh pH dugc thuc hién
bing thiét bi diéu chinh pH thong thuong, vdi 2 kénh axit va bazo; gia tri pH sau
didu chinh dao ddng trong khoang 3,8 - 4,2 va

hép phu - 6 xy hoa cac hop chét FPOPs:

nude va nude thai ¢6 chira cac hop chét FPOPs sau khi duoc diéu chinh pH thich
hop s& dugc cp lién tuc vao bé hap phu - 0 Xy h(’)‘a v6i thoi gian luu tir 25 — 33 gio;
trong bé hap phu - 6 xy hoa dugc b tri & do sdu gitra bé 1a 16p vt liéu xuc tac v6i
lidu lugng 120 g/L; vat lidu xuc tac 1a vién thuy tinh c6 duong kinh tir 3 dén 5 mm,
duoc phu hat nano TiO2, ¢6 dién tich bé mait riéng dat khoang 8,94 m?/g, co chira
ham lwong titan 0,2% khéi lwong; thoi gian tiép xuc tOi thiéu 8 gio trong didu kién
chiéu bire xa tia UV lién tuc tir trén xudng dudi véi cong suat 320W/m? va khudy
tron nho hé théng suc khong khi v6i luu lugng 400 I./m? h, hiéu sudt xir Iy cac hop
chit FPOPs dat tir 75 — 90%.
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