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Tém tit:

Nhém hop chit peflo hoa (PFCs) trong dé co mudi peflooctansunfonat (PFOS) va axit perflooctanoic (PFOA) la
nhitng chit 6 nhiém phé bién trén toan thé giéi, chiing bén virng trong mdi truwomg do tinh khé phéan hiy va tich liiy
sinh hoc. Nghién ciru xir Iy PFOX (X = A hoic S) bang song siéu Am dang 13 mot lwra chon ciia cic nha nghién ciru do
¢6 nhitng wu diém: chit 6 nhiém dwoc xir Iy hoan toan véi tdc d9 cao ma khong cin phai qua tién xir Iy théng qua
sw hinh thanh, phat trién va pha v cac bot khi trong qua trinh siéu Am. Cac tac dong chinh gép phan ning cao ty 18
phén hiiy chit 6 nhiém trong qua trinh séng siéu Am 1a: nhiét phan, phan Gng ¢ bé mit tiép xiic hai pha 16ng - khi
va tao ra cac goc tw do hoat dong. Bai bio nay tim hiéu va tong két cac ing dung ciia séng siéu Am trong cac truong
hop xir Iy PFOX cu thé. P6 1 qua trinh xir Iy PFOX bing séng siéu 4m, bing séng siéu 4m dwgc hd tre béi cac chit
oxy héa - khir khac, bing song siéu 4m c6 két hop véi cac phwong phap vat Iy khac. Qua do6 sé khai quat cac co ché
ciia qua trinh xir Iy PFOX bing siéu am, siéu Am két hop héa hoc va siéu am két hop vat Iy.

Tir khéa: axit perflooctanoic (PFOA), axit peflooctansunfonat (PFOS), hop chit peflo héa (PFCs), séng siéu am, xir

ly.
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Gioi thiéu

Nhom hop chét peflo héa (PFCs) trong d6 c6 mudi
peflooctansunfonat (PFOS) va axit perflooctanoic (PFOA)
1a nhitng hop chét co tinh bén vé hoa hoc, nhiét hoc va ca
sinh hoc, ¢6 tinh hoat dong bé mat tt [1, 2]. Ciing chinh vi
céc tinh chit nay, trong nhitng thap ky gan day PFOX (X
= A hoac S) dugc su dung rong rai trong cong nghiép va
doi séng [3], kéo theo 1a sy 6 nhiém PFCs déng bao dong
trén quy mo toan cau. O Viét Nam PFCs dd duoc tim thiy
trong nudc song [4], nude bién [5], nude thai [6], sinh vat
[5, 7, 8], va tham chi trong huyét thanh ngudi [9, 10]. Tinh
khé phan huy di kém véi doc tinh ciia PFCs ma axit PFOS
va cac mudi cua né da duoc liét vao phu luc B céac chit 6
nhidm hitu co bén viing (POPs) theo Cong udc Stockholm
vao nam 2009, PFOA ciing dugc chi dinh nhu 1a mot chét
POPs twong ty PFOS [11]. Cac nghién ctru gan day da chi
ra PFCs con dugc tao ra trong qua trinh xtr 1y bang sinh hoc
tir cac tién chat PECs. Nong do PFCs trong nudc thai da qua
xtr 1y con cao hon nuéc thai ddu vao cua cac nha may xu
Iy nude thai [12-14], ¢6 nghia ring PFOX rat kho dé xu Iy
bang céc bién phap xur Iy nudc thong thudng trong cac nha
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may xu Iy nudc thai.

Cac nghién ctru xt ly PFOX da va dang duoc cac nha
khoa hoc trén thé gidi tién hanh, tuy nhién véi cdu tric kho
phén huy thi cac phuong phap xtr Iy PFOX c¢6 hi¢u qua la
cac phuong phap oxy hoa - khir tién tién (AO/RP) [15].
Cu thé cac phuong phap xtr Iy PEOX c¢6 hiéu qua t6t nhu:
quang hoa [16-19], siéu am hoa hoc [20-23], dién phan hoa
hoc [24, 25], phong xa hoa hoc [26], nhiét hoa hoc [27], va
plasma [28]. Trong cac phuong phap néu trén, song siéu am
dang la mot lya chon cua cac nha nghién ctru do c6 nhiing
wu diém: chit 6 nhiém dugc xt 1y hoan toan voi tdc do cao,
thoi gian xtr 1y ngan ma khong can phai qua tién xtr 1y thong
qua sy hinh thanh, phat trién va pha v& cac bot khi trong qua
trinh si€u am [29]. Mt khi cac bot khi nay bi phé vd sé tao
ra mot tiéu moi truong c6 nhiét do cao dén 4000-10000 K va
ap suat hang ngan atm [30]. Chinh nhiing diéu kién nay tao
su thudn 101 trong qua trinh phan huy cac hop chat 6 nhidm.
Céc tac dong chinh gop phan ning cao ty 1& phan huy chat
6 nhiém trong qua trinh song siéu 4m la: nhiét phan, phan
g & bé mat tiép xuc hai pha 1ong - khi va tao ra cac gc
tu do hoat dong.

Trong khudn khé tong quan vé& xtr Iy PFOX bing song
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Abstract:

Perfluorooctane sulfonate (PFOS) and perfluorooctanoic
acid (PFOA) are shown to be globally distributed,
environmentally persistent, and bioaccumulative.
Ultrasonic processes or sonochemical methods have
been used to degrade PFOX (X = A or S). They have
unique advantages over conventional treatment
methods because the complete defluorination can be
attained without any pretreatment and at higher kinetic
rates. The sonochemical processes depend on cavitation,
a phenomenon involving formation (nucleation),
rapid growth (expansion) until reaching a critical
size, and violent collapse. These conditions are highly
advantageous for degradation of toxic compounds.
Major cavitational effects that contribute towards
enhancing the rate of degradation include (a) pyrolysis
(compounds on the surface and/or cavity of the bubbles
are pyrolyzed at very high-temperature conditions), (b)
reactions at gas-liquid interface (breaking bonds of long
chain organic compounds), and (c) generation of hydroxyl
radicals (oxidation of pollutants). The efficiencies and
mechanism of PFOX sonochemical degradation process
are also elucidated in detail through sonolysis only,
sonochemical treatment, and sono-physiscal prcocess.

Keywords: degradation, perfluorinate chemicals (PFCs),
perfluorooctane sulfonate (PFOS), perfluorooctanoic
acid (PFOA), sonolysis.
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siéu am, cac ung dung cua song si€u am trong cac truong
hop xur Iy PFOX cu thé duoc tim hiéu va thao luan. D6 la
qué trinh xir Iy PFOX bang song siéu am, xir Iy PFOX bang
song siéu am dugc hd tro boi cac chit oxy hoa - khir khéc,
xtr Iy PEOX bang song siéu 4m c6 két hop véi cac phuong
phap vat 1y khac. Qua d6 s& khai quat cac co ché cua qua
trinh xir [y PFOX béng siéu am, siéu am két hop hoa hoc va
siéu am két hop vat 1y.

’ Ky thuat siéu am H’ Ky thuat siéu &m (sonolysis)

K§ thuat siéu am héa hoc Song sicu m ket hop v6i

sonochemical cac chat oxy hoa - khir:
(sonochemical) TiO,, NaHCOs, KIOs,
K25205, Na;S0s, KMnO,

Ky thuat siéu am héa 1y Ky thuat siéu am két hop

quang hoa

; Ky thuat siéu am két hop

hép phu bang than hoat tinh

Hinh 1: Ung dung ky thuat siéu am trong xi ly PFOX.

Ky thuat xii Iy PFOX béing siéu am (Sonolysis)

K¥ thuét siéu 4m ngay nay dugc tmg dung nhiéu trong
cudc séng, nhu 1am sach dd kim hoan, lam sach cac thiét
bi kim loai nho, han nhya, khuéy tron trong cong nghiép
san xudt my pham va thuc pham... Trong y khoa, cac bac
si stt dung song siéu am dé loai bo san, soi trong than ma
khong can phai lam phau thuat, chira trj nhiing ton thuong
ve€ suong sun (nhu 6 khuyu tay), va chup nhing hinh anh
phat trién cua thai nh1 Trong cong nghiép, siéu am rat quan
trong trong san xuét, lam sach nhitng vat c6 kich c& 16n
[31]. Siéu 4m cong suit cao trong chit 1ong dan dén hién
tuong hinh thanh, phat trién, va pha v& ctia bong bong, kem
theo viéc tao ra nhiét do va ap suét cao, cac gbc ty do, day
chinh 1a diéu kién dé tao nén hiéu ung hoa hoc cua siéu am
[32]. Co6 ba vi tri phan ung khac nhau trong moi truong
song siéu am, do 1a bén trong ctia bong bong (cavitation),
khu vuc giao thoa khi - long cua bong bong, va tai pha long
khi ma bong béng bi v& ra [33]. Su ton tai cia ving giao
thoa khi - 16ng, noi nhiét d¢ cao la du dé gay ra nhiét phan
va tao nong d6 gbc tu do cao [30]. Chinh vi vay, trong hoa
mdi truong, song siéu am duoc ing dung rong réi dé xir ly
céc hop chit hitu co nhu: este axit phthalic, clorobenzen,
va hydrocarbon chira clo dé bay hoi...[34-36], cac chit hitu
co d& bay hoi co thé bi phan huay tai pha khi (trong long
bong bong), tai vung giao thoa long - khi ciia bong bong, va
tai pha long (bulk solution) khi bong bong v&. Tuy nhién,
PFOX la nhiing chat hoat dong bé mat, tan nhiéu trong
nude, hiang s Henry trong dung dich ctia chung thip, cu thé
cta PFOS trong nudc 3,05x10° atm.m?*/mol va PFOA 1a tan
v0 han trong nudc [1]. Do vay, phan tmg phan huy PFOX
trong moi truong sidu 4m chi yéu dién ra tai vi tri giao thoa
hai pha khi - 1ong va bi oxy hoa bai cac goc tu do thodt ra tir



cac bong khi v& ra [37]. Hinh 2 miéu ta cu thé co ché phan
hiy PFOS trong moéi truong si€éu &m, mot lugng PFOS trong
dung dich bam dinh trén cac bong bong, khi bong bong v
ra giai phong ngudn nang lugng 16n voi nhiét do va ap suat
cao. Tai vi tri tiéu moi truong nay, PFOS dugc nhiét phan
theo phuong trinh phan ung (1):

n
CF,(CF,),S0; = CF4(CF,), + S0; (1)

Tiép do6, dau ki nu6e CF,(CF,), bi nhiét phan tai pha khi
thanh cac chét, cac gbe 1-C khong ben viing. Cac goc khong
bén vitng nay dé dang bi oxy hoa thanh cac san pham vo co
CO, CO,, HE.
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Hinh 2. Co ché phan hdy PFOS trong méi trudng siéu am [37].

Phan (g phan hiy PFOX trong moéi truong don siéu ém
xay ra chu yéu dua vao ngudn ning lugng va cc gbc tu do
OH’, O'... ma thiét bi siéu 4m tao ra. Du vay, PFOX van
bi phan hiy nhanh hon so véi cac phuong phap vat 1y khac
nhu quang hoa, dién phéan [15]. Bang 1 tong hop cac nghién
ctru tién hanh phan huy PFOX bang song siéu am.

Bang 1. Tong hgp cac nghlen ctiu xif ly PFOX bang séng siéu am,
song siéu am két hgp véi cac phuong phap héa - ly khac.
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Ky thuat xif Iy PFOX bang siéu am
(sonochemical)

két hop héa hoc

Phan Umg phan hiy PFOX s€ tang nhanh hon trong moéi
truong siéu am néu xuit hién thém cac géc tu do hodc cac
chat hoat dong manh c6 tic dong 1én PFOX ngay trong pha
16ng. Vi nhiing nghién ctru trude d6 da chi ra rang, phan tmg
phan hay PFOX bing hé Fenton, gbc OH" 1a gbc chi yéu
duoc tao ra bdi qua trinh nhiét phan trong siéu am, khong c6
hiéu qua cao [21], nén nhiéu nghién ctru da tién hanh phan
huy PFOX trong mdi trudng siéu 4m bang cach thém cac
chét oxy héa: TiO,, NaHCO, [41], gbc periodat KIO, [39],
géc persunfat K S O, [40], géc sunfat Na, SO, [23], mudi
permanganat KMnO, [43]...
hay PFOX khi ¢6 mit cac cht oxy hoéa néu trén chu yéu

Co ché cua céc phan ung phan

dua vao su dich chuyén electron tor PFOX sang cac géc tu
do hoic cac chat oxy hoa da dugc hoat hoa (phuong trinh 2).
Tir d6 PFOX tro thanh céc gdc trung gian hoat héa khong
bén viing nhu CF ,+COOH, cic gbc nay dé dién ra qua trinh
loai b khi cacbon dioxit trong phén tir ciia minh thanh cac
gbc ankyn hoat hoa nhu C.F .. Trong m6i trudong nudce, cac
gbc ankyn hoat hoa nay s& tac dung véi H,0 dé tao nén ruou
per flo (C_F ,OH), sau d¢ axit HF bi loai bo dé tao ra cac
axit PECAs c¢6 mach cacbon ngin hon (CF 13COOH). Cac
phuong trinh phan tng phan hiy PFOA béi gbc tu do CO,~

duogc miéu ta boi cac phuong trinh (2) - (6) [41, 44].

CO, " +C,F,CO00™ — CO,” +C,F,.CO0" (2)
C,F,CO0* - CO, +C.E,’ 3)
C,F. +H,0 »C,F,OH+H 4)
C,F,OH —* C F,,COF (5)
C,F,COF+H,0— 5 C, F,,COOH (6)

Ngoai ra, cac PFOX bi nhiét phan theo phuong trinh
phan tng (1) va dan tao ra cic san phim cudi 1a CO, CO,,
HF nhu miéu ta ¢ hinh 2. Hinh 3 mé ta co ché phan huy
PFOA trong mdi truong si€u am chua periodat KIO,, PFOA
bi phan hity bai 2 qué trinh song song do tac dong truc tiép
boi song siéu am va do tac dong cua géc tu do 10,* dugc tao

trong moi truong siéu 4m chira KIO,.
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Hinh 3. Co ché& phan hiiy PFOA trong moi trudng siéu am cé6
periodat KIO, [39].

Ky thuat xif Iy PFOX bang siéu am dugc ho tro bang cac
phugng phap vat Iy khac

Dé hd tro ky thuit siéu 4m trong qua trinh phan hay cac
chiat PFOX, ngoai viéc thém cac chét oxy hoa - kht, cac
nha khoa hoc ciing tim cach két hop cac phuong phap vt 1y
nhu: hip phy PFOX bang than hoat tinh trong méi truong
siéu am [42], phan hiy PFOX bang song siéu 4m két hop
v6i quang phan [45, 46]. Khi két hop boi cac phuong phap
khéc, hi¢u qua phan huy PFOX cao hon. Hinh 4 minh chirng
cho hiéu suat xir Iy PFOS boi hip phu bang than hoat tinh va
hap phu két hop véi song siéu 4m. Deming Zhao [42] chi ra
rang, cac hat than hoat tinh trong méi truong séng siéu am
20 kHz lam tang kha ning hap phu c6 thé 14 do su gia ting
) luwgng cac vi tri hép phu cua céc hat than hoac do cac vi tri
hép phu ctia than tro nén dé tiép can hon vé mit dong hoc.

@ 1F——Us

O o)

< oo GAC

o 04l

g 02, "W.GAC + US

— 00 0 30 60 90 120
Time (hr)

(A) (B)

Hinh 4. (A) So sanh hi¢u suat x{r ly PFOS bing hat than hoat
tinh (GAC) két hgp séng siéu am (US) 20 kHz; (B) Ca ché tac
déng cta séng siéu am Ién kha nang hap phu PFOS ctia than
hoat tinh [42].

Ngoai ra, khi song siéu am két hop véi quang phan, hiéu
qua hoat dong cua quang phan khi két hop véi song siéu
chu yéu 1a ting tc do truyén khéi lugng ciia cac chét phan
{mg va san pham giita cic giai doan, phan tin cac xic tic
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quang va tiéu thu cac phan tir hoat hoa do siéu 4m tao ra, do
vy day nhanh qua trinh phan hay PFOX trong méi trudng
quang hoc - siéu am két hop [45].

Keét luan

Tir ndi dung cta cac nghién ctu trén ¢ thé két luan
rang, siéu am dang 1a mot phuong phap phan huy PFOX
c6 hiéu qua, nhanh va it san phém phu co6 hai. So véi cac
phuong phap oxy hoa tién tién khac nhu quang hoa, dién
hoa thi thoi gian phan hiy PFOX ngdn hon, chu yéu két
thiic trong vong 2h phan tng. Dbi v6i cac nghién ciru voi
song siéu 4m co tan sb cao trén 500 kHz, song siéu 4m c6
thé ty phan hay PFOX & cac nong d khac nhau. Tuy nhién,
tai tan sd thép hon nhu 40 kHz hoac 20 kHz, thi song siéu
am c6 hiéu qua phan hiy PFOX khong cao, viéc thém cac
cl}ét oxy hoa - khu khac nhu KIO,, NaHCO,, K,S.O,... hay
két hop voi cac phuong phap vat 1y khac s€ ho trg thém song
siéu 4m trong qué trinh phan huy PFOX duoc t6t hon. Cac
nghién ciru cha yéu thuc hién trén nén mau dugc pha bang
nudce cit tinh khiét tai phong thi nghiém nén chua danh gia
day du duoc cac anh huong boi cac yéu té vén co trong
nguén nude thai thuc té. Do vay, dé han ché nguén thai
PFOX, ngoai viéc nghién ctru cac cach xur Iy trong phong thi
nghiém, nghién ctu tng dung cac phuong phép nay trong
thuc té thi viéc han ché sir dung, han ché phat thai PFOX
trong cudc séng, trong cong nghiép van ludn 1a van dé can
quan tam.
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