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B0, R, kg mK A R PFAS
1) i S AN B JRUR, 4K o Rk e Ak 70 A S
AR . pH (ESE RN A A — R ISR 0

DL 4R H2E PEAS—6:2 CI-PFESA Wi
TG, FEKIERR P A 10 FhEfLF, M
FROLEE 3, ST T LS. pH AR EEXT 6:2
CI-PFESA P& fif AP s A BE A2, #E H 6:2
CI-PFESA PEffiktE . BEEBEREA ML 6:2
CI-PFESA WML, Db g5, L3 6:2 Cl-
PFESA [ 3R i AT . BATF /K Ak e fit
JKH PFAS $2fILiA2 22 S48 1Ak A
SN 2541 AR 25 PRAS B Rfipe A e SRR S (AL P
TR A S HE

1 #E#ITTE

1.1 KA fetbt
6:2 AW AL Z TR (6:2 CI-PFESA) 3K H
Wellingto Laboratories, 73§34 CsF16CISOsK, PR
HEVS T LA R ISR ) o Sete b i AR % 1
Fz 1 EIKF

K FX CASS 4 AR
AL NaF  7681-49-4 /yffrali [z
PR CH:OH  67-56-1 fajfsli  Fisher
AEMH NaOH  1310-73-2  4pffrall [z
EENA HCl  7647-01-0 3brali A s 5
S TR 5

1.2 SEER#RAE

K W RS 10em, JME 1.27 cm, BEE
1.651 mm, SZBRZEF 6.88 mL A S 28 kT, 1A
TR SR 28 FR ARSI 0.045 g #4571 FN 3 mL T4
FH HCI 8 NaOH 1475 5% pH 4 1~13 ()i ik 0
0.015. 0.15mg' L' %) 6:2 CI-PFESA ¥k, ik
FIBMEIRR] 15 g L1 SRR R S i 48 % B9
W HE 20s, FREE A A B WA E %l E
250~350 CHY R it S X THRAR TH RS 60 ming W
A WU IR SN 28, 37 ZIHs O E A VR AS IR
B iR, HE TR T e
SN AR, FTIF IR RN 28, RS, K
SN W BETRGR A B ZEhedt, F 0.45 pm B
W UE IS PRAEREIN . I O B E R 2 IR

1.3 ¥ %k

K PR i B0 (3 — FR IBE — S PO AT B
X PFAS [MBEHATINGE, JHH Analyst 3X{f(AB
SCIEX)HFA T A . Jrietifb . FESh I T A%
kS, M MultiQuant 3.0.2 FHATHIE 0T, (i
F2R A Waters ACQUITY UPLC@BEH C18 #:(2.1
mm x 100 mm, 1.7 pm) KRBV 7=, YelifE
JPILER 2, Horh, WA A AR, WEiAE B oA
2mmol- L' ZFERE I KISV «:V ww=95:5),
FEIR 40 °C, JEREAFR 5 L, Wi 0.4 mL-min!, 4}
HrEsIE]A 9.5 min. BT g -5 A HUmESs 25, &
SAEREAR, ERETERAN TS,
PR TAES LR 3 SAH IR AT S350

*2 BEERER

i 8] /min WA A% W BAH B/%
0 40 60
0.5 40 60
3.0 80 20
5.0 95 5
7.0 95 5
7.1 40 60
9.5 40 60
x3 MNEIESHE
BH BIME
Tl 28 A FTHL TR /V -10
filfAE == TR/ V -6
W55 HLR/V -4 500
AT S1/kPa 275.84
A4S J1/kPa 344.80
AR S1/kPa 379.28
BRI/ C 350
6:2 CI-PFESA F&ff 1A
A=100%— B/ Cx100% (1)

K A NEERR, %, B ARMIGHERT 6:2 Cl-
PFESA BTEIKIE, mg L™ C HE PG 6:2 Cl-
PFESA i, mg' L',

FH 5 PR AR 00 7 A T P S T R U
FZ, R AT

D=E/F x100% )
K D AR, %; E 0O e 5 1
HREE, mg- L, FRROVAT 6:2 CI-PFESA H3 1)
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WL W, mg L',
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2.1 FBALH fhik

E 1 4 300 °C, pH=7 i}, JILA 10 Fhfifk 7] H.
KL 60 min J5 6:2 CI-PFESA i[5 A7 %5 100
AT, BT #EALFI%T 6:2 CI-PFESA Ff#
P AL FH RHE T 29.949%+7.93% X BEZH, il
AEALFIG, 6:2 CI-PFESA MR it m, ik
A 66.07%+4.98%, fwim ol & 100%, HH, Fe.
FeOOH . CuO HEFLFEMFACRELT, 4351k 100% .
95.13%+2.76% . 94.91%+0.21%., [, EFEFEH
ORI Fe. FeOOH. CuO #7540,

100 7
%7217
80 - ]

R A /%
3

S
=
T

3
S

0
ONONONONONONONORORUNW)
HEALFI TP
@3 B4 ; Q).ALOs;; (B).Ce0y; @).Cr05; (B).Fey0;
® Zr0,;; @ NiO; ® .MnOx; (9 .Cu0; [ FeOOH;
QD.FeO

Bl 1 0.15mgL'# 6:2 CI-PFESA &8 TTHELFIR
IR B PR SR
4 JRR T MR SN S5 T K AR AL AR
fiINA FeOOH. CuO #i1 Fe %} 6:2 CI-PFESA Jiii #5%
SRS N 4 7T DL, AS[RMEALI 6:2 CI-PFESA
IR P S B IR . S0 IR AR L, 78 pH
R 7 WKEWF, 300 CHf, FeOOH X} 6:2

T4 3 WELFIXE 6:2 CI-PFESA

AR R i %
s Bk
o 6.13
FeOOH 0
CuO 3.90+0.21
Fe 8.06

1¥: 6:2 CI-PFESA Jiit Ve84 0.015 mg L,

CI-PFESA MIBRAL e = HIVER; CuO [RIFEREHD
HEF, (BB ERAL 3.90%+0.21%; LAYk, Fe —
EREFE MR TSR, Wik 8.06%
22 pH/AEAEENHA
2.2.1 *f 6:2 CI-PFESA % f#t%h

& 2 HLEATR pH (E(1~11)FEE (250, 300,
350 °C)F, XFHRZH KA CuO Fe FeOOH (f
AN B A 15 mg L) HAK#WE AL 60 min J5 6:2
CI-PFESA AR . vl LA HH, 6:2 C1-PFESA )
FEfR AN pH . REEFMEALTIE R AR b4 A
. i 2R, dikikZR T, EMFERET,
6:2 CI-PFESA [ R BEAS Bl 45 pH AT 55 22 e R AL
JE TR, ST pH=T BFEMRRIRAR, 439N
7.31%+0.05% (250 °C). 15.58%+0.02% (300 °C) .
17.93%+0.24% (350 °C); W J5 5 TSR, ik
ORI, ZAE pH=11 B iA R, 433k
27.39%+0.02% (250 °C) . 43.1%+0.23% (300 °C) .
52.53%+0.02% (350 °C). Z5RFEH], 6:2 CI-PFESA
PIRERRCR Y PFOS RILHE AL AR, 7E/K AR
fif i AR TP AAAERR PR HEDLE] . Wu S RO FAN ] T
IR E NaOH K#AEEE 50 mg-L-' PFOS Hf, & ¥t
NaOH [ e 5 8 55, PFOS WA s, 75U
48 min J5, PFOS JifgikEF% % 70ng L' IR, It
HMEREE AR T T, X TAER pH B, FRAFRE
TREE TR M THE, X5 Zhang ZEU8AGHFSE 451840
2l Zhang SEUSIF K BGRAL XA 1 7500, A
B 250 C/AK# 2h J5, A 6:2 CI-PFESA (1 FEf
oy 38.91%+3.74%(ZEHE) 1 24.64%+6.10% (FR 4
41), HiRETH A2 T 6:2 CI-PFESA %
fif, 76 300 CHf, 6:2 CI-PFESA FIERFRIETI 2
100% (Z£30)F1 76.17%+1.67% (HHZ).,

IAS AR, 6:2 CI-PFESA FEAERIEA
W] pH I BE T YA AR R B4 5 o AHDCSCIR A5
FHH, CuO., Fe il FeOOH 7F—LE45E A& R A4t
EIEEFMANA RN, o ESEKE BT
(e). -OH ZFEA[FZEAI [ d LM il 554k, xes
A LT A PFAS 1Sk SEalini slst, RN, fi
AR Ry S B AL T B 2 B s PR A, A
A PFAS Fff SRS, AnE 2(b)~(d)F,
TCIE AR ], 250 CCARIRLK RIS 1 [ i 3
B S X R AR R RS, YRS pH AT S SERE
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Hi3
(a) X I8 E2250°C [1300°C I350°C
60
50 N
40
&
& 30
¥
20 F
10+
0 NN
1 3 5 7 9 11
pHfE
(c) Fe E2250°C [1300°C I350°C
100 S - < — -
80
860
e
&
¥ 40
20 -
0 1N
1 3 5 7 9
pHA

(b) CuO E2250°C [1300°C §350°C
100
N S < N N N
80
T 60
B
B 40
20 +
0 R
1 3 5 7 9
pH{H
(d) FeOOH E2250°C 1300°C NI350°C
100 S S S S
80
& 60 -
¥
{40 F
20
0
1 3 5 7 9

pHfE

B 2 A[E pH MRERKME RSP, FEIREHN 0.15 mg-L ' 6:2 CI-PFESA HIFEIRRIER

JE TS, HEEERE RS E 8%V iR
300 CHF, IMAAEEMEATG, BEfpREiE—
o MEEE, A CuO J&, FEfRIEE R 93%L) I
T FeOOH B, £ pH>7 5F F, FEffZRE 1K 99%
DL b A Fe B, FEfERCREST, (22 pH F, B
fif2 ik 99% Lk o IREFHEZE 350 CH, 78
pH>7 BUBEZAE T, TGS A RMELL T, 6:2 Cl-
PFESA B JEAR [ A7

Zx_F TR, AR5 R A5 A L R A
EEWER, RERSASUETE 6:2 CI-PFESA FEf#,
JR R AT RE 2 SR AR R, WG ALK AR s B 2
1-H F1-OH, HEMEPAEET, -H 5 5 OH A
W21 e Wil PFAS, WE(3)~(4)126),

BEAb, AT A I A — 2 A2 E T R Y
TEERYE DL K B R SO, e 208 BT 57 10 R it
B

H,0 — -H+-OH (3)

‘H+OH™ - H,0+¢” “

2.2.2 & 6:2 CI-PFESA FL#. 89 %R

Bl 3 IASE pH(1~11)FIEE(250~350 C) T,
X B Ky SN AAS AR, K AL 60 min
Ji 6:2 CI-PFESA BYJBLRSCR . W& 3(a)fis, 7E4l
KARZ ., 5 6:2 CI-PFESA F&f#AIR, A4l
J¥, 6:2 CI-PFESA #£ pH=1 H i % B B S d5c K AH,
31K 11.36%+0.91% (250 °C). 14.47% (300 °C).
14.39% (350 °C). 7ERL A5 4L 5T, 6:2 C1-PFESA [
AR R a3, MR pH T, BRER
JER TR T THE o FRBITE pH=11 I}, JRERAEET+
R, N 2.39%+0.60% (250 C)IRTFE 6.72%+
0.06% (300 °C), fie)i A 11.61%+0.59% (350 °C).

ARSI, 455 RMEALRI7EA R pH A1
TR RS 6:2 CI-PFESA Jii iUt 75 156 & (2 ik sl il
YER o MRV BERRRICR I A —3%, HEDR B T4
FEFAR R 7 AR 1 A B SRR FAEAERT ] DL K A
X PFAS ABCE A S AR, S CuO
(& 3(b)), TEBRIE ST (pH>T), BT 2
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16 (a) A1 250°C 301 (b)CuO 250°C 250°C
— 1300 °C 1300 °C 1300 °C
N350°C 25+ N350C N N350°C
oy " '
" % £20f .
&S g
= ?510 I |
4+
5 L
0 = =l 0
1 3 5 7 9 11 1 3 5 7 9 11 5 7 9 11
pHTH pHIH. pH{H

B3 A[E pH FRERKMERFFRERERN 0.15 mg- L' 6:2 CI-PFESA BB @E =

=, HERERE WIS &, £ pH=11. 350 C
IS KA (29.83%+0.64%) . I Fe BH(E 3(c)),
AR TR, Fe [FIREAE pH>T BOBRIE R 5T Ho X
FRA W RARAROR, RIFEE pH=11. 350 CHUS
T RAE(18.929%+0.61%), FIRESEN N Fe HOIGTESL

F FFFFFEFO o
Cl \/ \/ \/ AW\

IIONAT TN AT \O/ \C/\,
/N /N /\ /N O
F FF FF F F F
+NaOH/H,0+¢/-OH L -Cl

F FFFFFTFFO o
HO \/ \/ \/ N/ N\

/\C/ \C/\/\C/\f

/N /N /\ /N O
F FF FF F F F
+H,0+¢7/-OH
F F FFFFFFO o
HO \C/ H \ / \/ \ / \
\ /
PN H/ \C/ \O/ \C/\f
VANEVAN /\ /\ O
F FF F F F F F

+H,0/e’/-OH ¢ -CF, +H,0/e’/-OH ¢ -CF,

FEFEFQ 0

HO\C F\C/F . \C 5 RS
S8 NN TN
F F H /N O

/ \
FF F F
+H,0/e7/-OH l—CFZ

F F F F
N/ \/O\\/,O

+HZO/e'/'OHi -CF,

F F -
+H,0+¢7/- C
\C/ H,0+¢/-OH COF 0 No” S
H” ol -HF F/ \F (0)
+H,0+¢7/-OH |
v
Q F FQ
”\ /\\S// AHO+eOH N/ NP
HOZ YC7\ B ~c
F/ \F 0 HE HO /\F o
+H,0+¢7-OH ¢ _COOH
+H,0+¢7/-
Q HO+eFOH | o
HO—C—SO0; -COOH

Bl 4 62 CI-PFESA TEf4L /K HLK & dh i P BEPERRER 1Z

=, A B TERR KRR B4 5 SO B AR 281,

SR AT BRI AR, B
BRME ERIAEE T, DR EA AR T, AR
(I ABE—AEHE T 6:2 C1-PFESA HlitsR, W
PR EAEFR S B B PR BEXT AL HE 6:2 CI-PFESA
HA I B S8R
23 Bz

I FH R e 8RR €03 — R B — R DU AT B A
X e fige 77 W HEA TR, 43 BT K BRAEAE v R )
OC,F, (m/z=165.9), #H 6:2 CI-PFESA 7E/K#{k
FrPiE— R R AR 3 BRI RIS 4 kR
Tal, FEEES 6:2 CI-PFESA 1] RE IR AR IR 12 (&
4), HYE, 7E NaOH, -OH. e fEI'F, 6:2 CI-PFESA
HORESE B SR F Bl e 3 | R 2R B, #fk ok
HO(CF,),O(CF,),S0;, #% HO(CE,),O(CF,),SO;
#E—243f# & HO(CF, ), H il H(CE,),O(CF,),S0; ,
SRIGAWMT L CF, #0T, 4 B HCF,O(CE,),SO; ,
I REAE R SO il HFAR18.29-301

3 &g

K BB S AR 256 A Ao i
1 1 6:2 CI-PFESA [ FII % . i CuO.
Fe 1l FeOOH, 7E pH=11, JiJE¥ H 350 C&M4FF, =
AL R AR AR SRR R IR B et . Horp, i
AR VE ] = LG i B e AR A e fe AR
ZI R NA e B EEAE R AR 2 e 1
B 2B BB K AL R A 7K 6:2 CI-PFESA
PEALT BRI ER SRE, [RIE s A K B ik
T AR AL A IR AL T R BRI AR S A
AAAH 5T T LA VE AL . 6:2 CI-PFESA H?
[ PP . X HA PFAS B AR JRUA% 520 LA
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Catalytic hydrothermal degradation of 6:2 chlorinated polyfluoroalkyl ether
sulfonic acid (6:2 CI-PFESA) in water

BING Xiaohui, ZHANG Dezhe, ZHANG Ying, PAN Chenyu, DING Xinyi, YU Jie
(' School of Civil & Environmental Engineering and Geography Science, Ningbo University, Ningbo 315211, China )

Abstract: As an alternative to traditional perfluorooctane sulfonate (PFOS), 6:2 chlorinated polyfluoroalkyl
ether sulfonate (6:2 CI-PFESA) also presents serious risks to human health and environment. One promising
method of treating pollutants is hydrothermal liquefaction that can break down some fluoride in water. In order
to accomplish the objective of efficient degradation and defluoridation of 6:2 CI-PFESA, it is necessary to
investigate efficient catalysts for hydrothermal liquefaction and optimize the reaction conditions. In order to
examine the removal and defluorination effect of 6:2 CI-PFESA, ten catalysts were chosen for the hydrothermal
liquefaction of this compound, with which copper oxide (CuO), zero-valent iron (Fe), and hydroxyl iron oxide
(FeOOH) were identified with optimization. The impact of pH and temperature on the elimination and
defluorination of 6:2 CI-PFESA was also examined. The optimal conditions for the simultaneous breakdown and
defluorination of 6:2 CI-PFESA by all catalyst types were eventually obtained as being 350 °C and pH=11.
Additionally, an intermediate determination was used to infer the breakdown process of 6:2 CI-PFESA.
Keywords: 6:2 chloropolyfluoroalkyl ether sulfonic acid; hydrothermal; catalyst; degradation; defluorination
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