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Abstract: Per- and polyfluoroalkyl substances (PFAS) are a group of highly stable, man-made chemicals. Their struc-
ture consists of perfluoroalkyl molecules (C,F,,.;—)related to fully or partially fluorinated carbon chains containing
various functional groups. PFAS has been widely used since their synthesis in 1940. The C—F bond in PFAS exhibits
excellent thermal and chemical stability, contributing to their persistence and bioaccumulation in the environment,

making them a significant global environmental concern. Unregulated releases of PFAS into aquatic environments
pose serious threats to the ecosystem and human health. Effective measures are urgently needed to address PFAS con-
tamination. In recent years, various technologies for PFAS removal from water have been extensively evaluated, and
chemical treatment methods have shown promising potential for PFAS degradation and mineralization. The degrada-
tion of PFAS mainly depends on the cleavage of C—C and C—F bonds. This review focuses on the latest advance-
ments in PFAS removal through electrochemical, photochemical, and persulfate activation methods, providing a
detailed explanation of the degradation mechanisms and reaction pathways associated with these three technologies. In
addition, it summarizes the influence of key parameters on the chemical degradation of PFAS. The advantages and

limitations of different removal technologies are compared and analyzed in terms of catalytic materials, removal effi-
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ciency, and energy consumption. Finally, the existing challenges and future prospects of current research are dis-

cussed, with particular emphasis on the potential of coupled processes to address the inefficiencies and high energy

consumption associated with traditional methods. An in-depth study of the degradation mechanisms of PFAS will pro-

vide important insights for achieving its complete degradation or mineralization in the future.
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Fig.3 Possible mechanism of photocatalytic oxidation
degradation of PFOA
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Fig.5 Possible mechanism of photocatalytic reduction
degradation of PFAS
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Fig.6 Factors influencing the photocatalytic reduction
degradation of PFAS

3 IRERELE L ERE

PS AE R —F )3z b F K AL BRI e g A b B
p NS = = WA 7Y NS VANE =% = D=k O =19 VA 6 S [
A, 35T A BT e TR B RS A R A R
H, PSR RS SRR R s A =, DA™
A BT R A ME B SOy, M SRR i K B A L
EY). xR FEY, WG PS JEREME A f LA
P2 E LR BRI PFAS BO5CEES T H s
FE S AL T A 3 PO | o i 4 Jm i e



2025 4E 6 A A A TR R T R AL STk e - 559 -

A (US) TEALAER A B S AR 3 Fhis 1k =t
RS PEAS AOBLI, L2545 F AR 0L R A5
3.1 IELREEIE

PG fbiE s PS iz —w il (>50°C),
51k O—O HZ#, A P1-SO, (X (57)) , LB
PFAS [HFEfR. TEMRMEIRIE T, S,087 #4k 193-S0, (X
(58) =k (59)) , ZEH PR T , SO F1-OH 447 (4
(60)) , X4 pH > 7.0 B}, K& 1 SO, & il i % 1k
J3-OH, fHif%-OH M BRE 257 T F 221 B f 3 (X
(61)) 17,

S,05> + heat—>2-SO4” (57)
8,05 + H'—~HS;05° (58)
HS,05 —2-SO, +H" (59)
-S04 + H,0—~S0,” + -OH+H" (60)
-SO4 + OH —SO,* + -OH 61)

TEPGEAL PS &S PEOA FUHLEI, SO, T8 i 14
i CFsCOO0 KA Wi F 5 # , ¥ i -C7F15CO0 (=
(62)) , “C7FsCOO A & & A W& Je b, A
1-C7Fy5 (X (63)) , -CoF s A Z R Wi, Al 7E AL
Ak BRI A SN SR e DHEH AL 52 B i,
IEAh, Kutsuna 257 BRI T 55 —Fh 52 )W 3842, -CoF 5 AT
5 0, Z56HH-CF1500 (3 (8)) , -C/F1s00 £
Iy TR N-CF 150 Fl O, (3K (64)) . FERRYE 41
T, -C/F150 5 HSO, A C;FisOH Fl1-SO, (X
(65)) , C;F;sOH HE—2ETHBR/Kf#F5%] CeF3COOH,
I LG DHEH MLKLEA MR, HE 201
CO, #1 HF.
‘S04 + C7F15CO0 —=S0,> + -C;F;sCO0  (62)

'C7F15COO_"C7F15 + C02 (63)
2‘C7F15OO_’2'C7F15O + 02 (64)
'C7F150 + HSO47_’C7F150H + 'SO47 (65)

STFHIEAL PS BEf# PFOS HIMLH, Kim 2047
-S04 B et Cc—S #E. =t (66) #1(67) FiR,
1E-SO, BIAE R, CsF15S0s ¥4k g A Fa e i H
F-CeF 17, MG -CsF 7 ¥ 364k W BR A K 7 s (2
(35~37)) , fE¥ DHEH ML & 2 52 4R

SO, + CgF 1,805 —C4F ;805 + SO~ (66)
-CgF 1,805~ -CsFy7 + SO; (67)

i TS, #GE1k PS HAR% FT PFAS 1Y
REfAIE TS, Santos 25 ME ST T A [RIIELE W S AL
PS [F#f# PFOA ZCRSM. WAl 7 (a) #1 (b) ok, 18
25 CH}, PFOA [IREA R A R 0] LLZWgE AT, 24
IREETFEE 50 TR, S 1080 min 7] 58 422 fiy5 Y
Yy, (H LB FRCRAN 30% . gE— R E R T &2

70 ‘CHY, PFOA )58 2 FEfE I A1 4A % % 120 min, H.
FE 1200 min J5 SCISE AR X SLEE ISR, ik
ATLUERE PS 3L/ 4SOy, XKLL iG MM Rl e o T
50 CEMF NRESA RN IR C—F 8, BIE T ks
B IAh, IREEXT PS KEf# PFOA i FREA I #5
M), 38 2445 R SN B AT B T2 i2E-SOL I AE A, AT

0.100 e o
= e HO0,25C
g 0075 -m- PS,25°C
E -0 PS, 50 C
& 0.050f —z~ PS,70 C
=
S o025t
=
-9
O =e—ss 0
0 250 500 750 1000 1250 1500 1750
5 [8] /min
(a) NENGEJET PFOA A At ] th<k
1ot
0.8 e H,0,25C
-m- PS,25C
= 06} : -0 PS, 50 C
S —z- PS,70 C
O 04}
02}
0

0 250 500 750 10001250 1500 1750
[ 8] /min
(b)) ANIRIELRE T 5t S 4 b 1) 2 T £
7 2 Fenton i F|F0 PS EILFEAE PFOA IR a] i &'
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Fig.8 Influence of time on PFOA degradation
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Fig.9 Possible mechanisms of PS activation for the degradation of PFAS
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