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( P(NVP-DVB) ) W13, % SEM. FTIR. BET. TGA FKE:fil A MR X P 45 5 o7 i RE AT 32 4F, 310
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Modification of P(NVP-DVB) and itsapplication in the
detection of BPA in aqueous solution

ZHANG Jinyi, CUI Yang, HE Liu, ZHANG Youlai, MENG Xiangtai, ZHANG Shunguang”
( School of Chemistry and Chemical Engineering, Tianjin University of Technology, Tianjin 300384, China )

Abstract: To improve the accuracy of bisphenol A (BPA) detection in aqueous solution, a two-step method
was used to prepare amine functionalized poly(N-vinylpyrrolidone-divinylbenzene)[P(NVP-DVB)]
adsorbent. The samples were characterized by SEM, FTIR, BET, TGA and water contact angle test in the
two-step reaction and the amine functionalized P(NVP-DVB) was applied to the detection of BPA in
aqueous solution. The optimal conditions for the chloromethylation reaction were obtained through
optimization experiments: paraformaldehyde [(CH,0),] and hydrochloric acid as chlorination reagents and
ZnCl, as catalyst, intermediate P(NVP-DVB-CH,Cl) had a chlorine content up to 11.14% under the
condition of n(HCI) : n[(CH,0),] : n(ZnClL)=1 : 1 : 1, reaction temperature of 80 °C, chlorination time of
3 h. Aniline as amination reagent was grafted to P(NVP-DVB-CH,Cl) intermediate to obtain
P(NVP-DVB-aniline). The average pore size of P(NVP-DVB-aniline) was 8.59 nm, the specific surface
area was 590.36 m”/g, and the thermal mass loss rate was 70.66%. The recovery effect of BPA in aqueous
solution was highest for the P(NVP-DVB-aniline), and the recovery rate was 99.65%, and the relative
standard deviation was 1.96%, and the apply effect was better in both simulated and actual aqueous samples, and
the recovery rate was nearly 32% higher than that of commercial adsorbent.

Key words; P(NVP-DVB); chloromethylation; amine functionalization; bisphenol A; solid phase extraction;
recovery rate; functional materials
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TR BPA SR fAi B ki, o [ AH AR
( SPE) -ER0RMI (i (HPLC ) &—FhidE F T AR
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AW PINVP-DVB) A 1 [HE LA, #E
Sreok v i g ol PR BPA &R FAEAE T,
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ZvHE]; NaOH. KNOs, 40#rl, REH RS 2=it
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HIRAA; BREK, #ral, KETHCER e Tt
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VERTEX 70 AU B A8 421 ARG, FiE1E
Bruker /3 7] ; ZEISS MERLIN Compact &I 573 # %
Yk S W ise , R E R /K% A A ] ASAP
AU b R A A LB M4, JE[E Micromeritic 2%
F]; OCALISEC AUZfil il &4, #2[E Dataphysics
vE] ;1260 B ESORAH (TR, 3B E Aglient 22 H];
LC-CQ-12F #I @ AL B FN LC-CQ-12Y A A MAX,
i RIS R A FL
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1.2.1 RV AMLE B

1£ 250 mL = BEHETIA 2.00 g PONVP-DVB),
9.71 mL (0.11 mol ) #:i® . 3.45 g (0.11 mol ) (CH,0),.
15.50 g( 0.11 mol )ZnCl,, & No {547 F , THE % 80 °C,
BRI 3 he MGG, 75330 RE 5 HZE 8Kk
wWEP, HHIOK OB 2 K, SEAREE
HAE 80 °C T 12 h, 53R @ KKK
P(NVP-DVB- CH,Cl), % H AL SN R AN Fi o

O%;) 0@ CH,CI
0 HCL, (CH,0), 0
— >
O O CH,C1
P(NVP-DVB) P(NVP-DVB-CH,CI)

122 AR

& 250 mL = HEEPMA 2 g PNVP-DVB-
CH,CI), 80 mL ( 1.26 mol ) M, #A/3H 3 min,
e n(NEA) © n(FeBALEP)=27 © | REUEELE Y
(W, M. =M. Mok, WRE ) A ZIBEHE
Hr, FE 100 t/min i E T, T 70 °CH W 12 h, 153
PIRE S FHTCK CEEME 5 W, BABERE e 80 °CT
J& 18 h, 1B A A, BIFEDIREfk PONVP-DVB),
104 PINVP-DVB)-x (x 73 3R . e =0
MRk, WRNR ), BEDREALI R B an T s o



%1 a4, %5 PINVP-DVB) B B HAG I K o X A F 8 <77 .
04(;) I O,A/;) R FER RAFIAMOCR, LN 0.5~3.0 mg/L, VU
’ PRI, 3 %M HE X B BPA & A A HHBR (LOD ),
@ 70°C, 12h, O 0.5 ng/L,

O CH,CI O R

P(NVP-DVB-CHZCI)K :ThBE4LP(NVP-DVB)
e WO A b, O
1.3 HEHRMESHERENK
1.3.1 Z#E4E

FTIR: FHWRALER R R B 0 St i b, IR
J.FE 4000~400 cm™', SEM: #AEHE R 3 kV, H
Ui 10 nA, ZIKHE 55 MUE . BET: A LRI BRI
FLBREE A M A RE S HEAT N B - MO0 B R AE 5 KA
M fE 105 CFHMEZ I 4F 2 h, R DIREA %
W OB SN T AR R AE 196 CCHEAT Ny W BRF - B 52
55, 4rARH BET A FE S Y LERTH AR, BIH ¥
VIERE S LIRS 0 o el A R Al A ) S ot
PR A fih £ R PE A R i 2R T 1% 2 K g K 1 g o
HPLC (i 454 (03K 4 TE Cy5 ( 100 mm*4.6 mmx
4 um); KESH VWD; KK . 278 nm; sl
R V(HEE) © V(K)=70 ¢ 30; Jii# 4 1 mL/min; i
FEE N 10 pL; AEIRHN 30 °Co
1.3.2  P(NVP-DVB-CH,CI) ¥ &4 & #) | &

FRIC 1.0 g KNOs fff THRIHIAIEHR , FiFRH 0.2 g
P(NVP-DVB-CH,C)# F 7, #KUKAH I 2.5 ¢ NaOH,
1.5 g KNO;, A Db ik, L3 °C/min BN
PR M 30 CREF TR E 300 °C, FRiE 30 min J&
22 h FHEZE 600 °C, {8 30 min. &5, HIZE
TRK R BR W) o AP A 3 R EK, ] HNO;
PR BT, AR AgNOs IR T 5 /R B0
B, AR (1) HEAGED,
CagNo, xV x35.5 o

m
R, W NEAEE, %; m N P(NVP-DVB-CH,CI)
E’Jlﬁ% » 85 CAgNOSﬂ‘jj:/]T\“(/ﬁ? AgNO3 {ﬁ(ﬁ‘l E/J{ZE&{: ,mol/L;
VRIS AERRIE AgNO; B IR AR, Lo
1.3.3 %44t P(NVP-DVB)H 48 3F 4
1.3.3.1  BRyE AR

FREC0.01 g BPA JHIHI BV i € 45 2 100 mL,
Jic 8 B v B R 100 mg/L Y BPA FRifEfif £ . #
B 1 mL BPA FRiEREAIART 10 mL &)t , H
A B 4%, LU W B2 4 10 mg/L 1Y) BPA #3
HEHTAIA . S0 B HGE HE Y BPA AR [RIE T 10 mL
i, AWERBEELS, BT EERER 0.5,
1.0, 1.5, 2.0, 2.5, 3.0 mg/L A BPA brifE THEW,
MAREN = B R i, 4 1 AR E S 3 41, H175
FRUEMIZE, WA 1. BPA AU AR HX IO A Jo vk

weil % = 100 (1)

25
20k y=7.2671x-0.0664 3.0
R=0.9995
g 15F 20 25
=
# 10l 1.5
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5t 05
0
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PRAERS R R YR BE/(mg/L)

Bl 1 BPA BrifEiZk
Fig.1 Standard curve of BPA

1.3.3.2 Jinds K AE A L i

B 0.2 mL & E 100 mg/L ) BPA brifEfik
W, BT 1 LA, 55 g KR SL 5 %
H kK e 2%, B K HEs in BPA &V 4 20 pg/L
AR KR
1.3.3.3 KRS ETALEE

B 200 mg i B BEAL P(NVP-DVB)FE i 2H %5 i [#]
FHAEEHCH: (6 mL )o 2R J5 FH [T AH A8 R B 42 an T~ 25 58
Sy IR EE K . H R RUINAR K EE T Y BPA #E17 42
Bk (1) MK 6 mL B EEAT 6 mL 48 2l 7K %[5
AR TG A s (2) #4100 mL KEEIMAFE
FRESE G Ak b g 2~3 min; (3) 6 mL AFH4
A 5% B ROV R bk s (4) 6 mL YR
HEATVRIE, JFUCEEVEI; (5) 78 30 °C TR Ruemt
WHAERAR ZE T, AFEEAEE 1| mL HHE
fift o B LW WGE 0.22 pm JEESS , #E4F HPLC Y52,
135 BPA FiE W, %030 (2) TR IAR meE,
BEAFESRREIN 3 Uk, TETISCR A AR NSRS P4

ProH=L=P) 100 (2)
Py

KA POAIARENCR, %; p, PR BPA ki
B, B4tk el [k K H BPA E(E, pe/L; po M
Jnkr BPA ek, HImbrsKEEH BPA JE(H,
ug/L; ps A BPA ks, BI/K R fin BPA 5 ik
B, ng/Lo

2 HR5WR

SR 1 £ e D BB Ak PONVP-DVB), 45 1
AR AN, 5 Hh A P(NVP-DVB-CH,CI),
FEXTH & S AT AL, R A R RE S R
P(NVP-DVB-CH,CI)H [AIf£ , Ui & T — 4 1 isefk



<78 ¢ M 4m 4 T FINE CHEMICALS

540 &

BRI AR 5 2 B kTR b N, BRI )44
P(NVP- DVB-CH,CDHEAL A R RS54 (Rl
SO M MERRIIR I ), 15 E R T RE ik
P(NVP-DVB), i T BPA illrf, Shfsinmy 2
TG YIRS
2.1 BEIhEE{L P(NVP-DVB)#I & &2 ®
2.1.1 ¥4k P(NVP-DVB-CH,Cl)#] & 41 84 .4k
2,111 AS[RMEAL TR 5 e

fie 1.2.1 o7k, EH R a(HC) @ n
((CH,0),) : n(f#fkFD=1:1: 1 &hn, 7EffHRE
BE . SRR RIS SRR, B T ORI
ZnCl,[ 15.50 g(0.11 mol ) ) A fEfk 5 . FeCl;( 18.50 g
(0.11 mol) ) A A S H SEALASCR , I X RE
JESH#HETT SEM RAE, S5R KA 2,

a. b—JFk; c. d—MEILF]; e, £—ZnClL; g. h—FeCly
& 2 AEAEEH A P(NVP-DVB-CH,CEY SEM &
(a, c, e, g) MHJaHCRE (b, d, f. h)
Fig.2 SEM images of P(NVP-DVB-CH,Cl) synthesized by
different catalysts (a, c, e, g) and their partial
enlarged images (b, d, f, h)

ME 2 ATLEH, SERHE, SH RS
BRI T OARLRE , 33 1 B AR L B 5 ) A G iR 3 T
TR T R MEBEIR . AN ZnCl, . FeCly 5] A G H 3t
P TEBR R T TORDRE . AN, X R ALY
JInAf Blanc S &AL B A S kA, Ml F3L
TRERF ARG B kS s [ FeCly ML A Bk
kAR, BT FeCly MIEMEL ZnCl, 5, fiff

FeCls G H FE Ak s 7 A5 2] A9 TR 3 T B gy, &843
KA, R Z
R 25 5 AN [ A A 700 0 S0 3 A Tl Bk 245 4 1 5
Wi, EAT T Ny MR- RE B R AiF , A5 B FLIE S EUL 3% 1,
# 1 AREMEAFIE R PONVP-DVB-CH,CDFLIE S8

Table 1 Pore parameters of P(NVP-DVB-CH,Cl)
synthesized by different catalysts

it - FL4% /mm H IR/ (m*/g)
JEL 8.67 722.61
Pt 8.25 610.73
ZnCl, 8.58 536.51
FeCl; 8.26 522.11

MR 1 AL, SRR AT R i i 2 fLAR AR
AT, Ud W S 3 0 5 1A S 24 FL A% 1 3
AR, BT SR A 21 RO ROk AL AR/
Z; HERHLE, S AL IR e Al Y He 2 T AR,
Ui W TE S TP AL AR P R b, 0 JRURE 4 45 4 856 152
PERCWE, A5E T 2 a0A, FLIERPHE . Rokenk
PRI TE—E R b R EUOR R MR/

Pl 3 P 4 7350 A R & B PONVP-DVB-
CH,Cl) ¥ N 18 65 - Bt 458 3 e A1 LA 23 il £k

40 - — R
— JehEER
s ZnCl,
2050 FeCly
:
]
=
X
0 01.2 01.4 01.6 01.8 1.0
FXTETT (p/po)
63 R £ PONVP-DVB-CH,CHIY No W -1t
RfF it 2

Fig.3 N, adsorption-desorption curves of PINVP-DVB-CH,CI)
synthesized by different catalysts
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Fig. 4 Pore size distribution and partial enlargement of
P(NVP-DVB-CH,CI) synthesized by different catalysts
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SR, 4 P(NVP-DVB) 2t K HAS K i XU A f) R H] ©79 -

JAEE 3 ATRAE H, B RGN W BRI B il 2k 45
Sy Sy IV RS I 2R, Y AR R DT TE 0.7~0.9 B,
HILT HI BRI, SR TRA T BEERM
%, IR AR FE N FLALIESE . 454G
3 FIER 1 ATLLE Y, N, MR Fif o b2 T AR i ik
INEREAR R

ME 4 WL H, 4 DRSS E R EN
FLIEHEIN . 7E 2~10 nm BRI FLIEFINFT 10~50 nm
Y KA LA B N o3 A AEFLAR A3 A X, FEB/ Y
AALE, HALRDATE 3~4 nm, HFfEE S K
B (% 2), HE/NFLALE R EE, X
EHRTHEPESTHERA, BEGXE/NINIL
FEAE S, T XF 10~50 nm B KA LI Bl N ) i 26
Vaniih- AL NN,

Fie 1.3.2 15 5 20 S0 AL 5 R i A S
ZERNER 2,

#2  RFEMELFI PONVP-DVB-CH,CSR & I 5 1]
Table 2 Effects of different catalysts on chlorine content
of P(NVP-DVB-CH,Cl)

Al 37 2% ik A%
TehEALFH] 8.21
ZnCl, 10.88
FeCl; 10.74

M 2 mTAEN, SRS AL,
MNEALHI G, S SEIL R B B g il i, Gl A
8.21%3EN%] 10.88%, X1t HIMEALF AY A Al 2
VAL NN AP oY e A B . S by NN (T 01 =1
R R N BE I IER B TR EE, A FERIG T &
A SRR S R AR R BER A, i S
HCI /R A i G H 321 &4 (B Blanc 480 F 3216 2
N Do XFAEKIR ZnCl, 1 FeCly IFE S, HA &
WA —F, G558 2, FeCly A Ry Mk m
ASEAN L, Wk HE ZnCly WAL R 1
2.1.1.2 R[N GEACTREE (1 5

P 1.2.1 95, L ZnCl, AR, 78 n(HC)) :
n [(CH0),]) : n(fEfk7)=1:1:1, Z4LifE 7 h
MR, BEASE SN A AR, XA
i ETE SIS T SEM RAE, 25 5,

MBS FTLE H, AR R S BRI,
BLBHLL ZnCl, AEALF], 40~90 °CHYS R & EE N
A, Ak, BohEE., AR ERAER
FE i 22 T2 LU RURRL RS , O PR A H R 5T A S
ek FmE LA, TERV IR 40~90 °CHY, B
A BN B T, R AR AR Bk O R, U
WL A TH s I T Blanc 48 F 4 B2 0 A4 & 28

JS2 IV 3 S 7 JRE ) A ) ol Al ok 2 T P AL AR
JEAR R, [ P 01 38 1T B A RELKES o

a, b—JFUkl; ¢, d—40 °C; e. 50 °C; g. h—60 °C;
i, j—70 °C; k,1—80 °C; m, n—90 °C
K5 REREAK PONVP-DVB-CH,C) SEM [ (a. c. e,
g. i, k. m) MHFFHRE (b, d. f. h, j. 1. n)
Fig. 5 SEM images of P(NVP-DVB-CH,Cl) synthesized at
different temperatures (a, c, e, g, i, k, m) and their
partial enlarged images (b, d, f, h, j, 1, n)
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#£3 AR E AR PONVP-DVB-CH,CHfLiE S5
Table 3 Pore parameters of P(NVP-DVB-CH,CI) synthesized at
different reaction temperatures

SR i B /°C LA mm R/ (m’/g)
40 7.98 567.65
50 7.95 560.06
60 7.99 560.02
70 8.61 542.34
80 8.58 536.51
90 8.38 555.84

% 3 aTLLE N, BEE OV R N, B
R BUR SR /N, PR KRR K
L (EW S ¥ NCYE 1 o 7 Ny N | N TS 2 B N O e 2 =3
T RE O Py, G 3 Ak s AR R R, R 4 xd
P(NVP-DVB-CH,Cl) 454 7 L 8K IR 5]

&6 FNE 7 43 518 AN A EE A B PONVP-DVB-
CH,C)FY Ny W BRF-JI5t B 1 4 FnFL AR 53 A R o

40 F — JER
— 40°C
_ — 50°C
&0 30 - 60 °C
e —70°C
E_ | soc
& 20 1 90 °C
=
= 10
0 0.2 0.4 0.6 0.8 1.0
AHXTEEST (p/po)
K6 ARIEEA K PINVP-DVB-CH,CI)E N, W Fff- it Fff
it £k

Fig. 6 N, adsorption-desorption curves of P(NVP-DVB-
CH,Cl) synthesized at different temperatures
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g
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Fig. 7 Pore size distribution and partial enlargement of
P(NVP-DVB-CH,Cl) synthesized at different
temperatures

W& 6 0] DL Y, 2 ARXT 378 0.7~0.9 BT,
FEGHIL T BB H1 BURS IR, JRULIIAE A7

A F &N FLILES ), SERHE, S Rk
S i R W B B AR B A, (BRI R, X5
3 i L R T R 258 RESTRAHAT .

ME 7 WTLUE H, SR, S RS R
mTE<10 nm BN FLALAE A — & R %
fit, BHEABZESMENAK, g5E5 K 5, TRULHT 40~
90 °C N s il A, A X JEURE A T R 45 48 7= A g
REYWIR .

F2 1.3.2 5 )5 ke A B R AR i S i
AR ILE 8, MK 8 WTLAA th, Fififg S v i B ) 38
i, RS RN, H NI B R 80 °C
Ja, AT AR I, XU BE A SO IR EE
T, AT R, A AT Blane HH 34k
J B HEAT , AB S R R TR — e R S, AN
JERZ M Blane S AL RN W BB N R, L5568 kFE,
80 °CoEH M B Y S it 3 o

12

9 90 °C
11 80 IC -

1or 70°c/

|
9t 60 °C/
50°C __m
st 40°C/./
L}

Tr

RBEER%

6 L L L L L
35 45 55 65 75 85 95

REC

8 i X P(NVP-DVB-CH,Cl)S & ik (952 i

Fig. 8 Effect of temperature on chlorine content of

P(NVP- DVB-CH,CI)

2.1.1.3 R[S (] ()52

¥ 1.2.1 1586, LA ZnCly AAEALT], 780 iR
J& 80 °C, n(HCI) : nl (CH,0), ] : n(fEfLH)=1 : 1 :
1 &N, BT ARG & HEABCR
SPRE S TE AT SEM RAE, 25K 9,




K4, % PONVP-DVB)AY it S HAS I 7K XU A 6 <81 -

a. b=kl ¢ d&—=2h; e, £3h; g. h—5h; i, —7h; k. I—llh

&9  AFSAL T G PONVP-DVB-CH,CL)f SEM [#( a.
c.e. g, i k) HHFEHBOKE (b, d. f. h, j. 1)

Fig. 9 SEM images of P(NVP-DVB-CH,Cl) synthesized
with different chlorination time (a, c, e, g, i, k) and
their partial enlarged images (b, d, f, h, j, 1)

W 9 ATEAT . ALY 211 h #BL Hoi
SEREHORMER , VLT ZnCly AL, I BEREE 80 °C,
FERE 2~11 h B, 7R PR U 4% i e
VR, (BB SR AR , Ok 7 RS B Ak
FAR G, I IR AL T B A K 2 (b 7
RRPEFRESHORT AR, Bk 1S A 1) 2 bR
W 7E BB b, T S T R T A AL

Ty % B8R ) AT I 420 Y31 PR 5 i 1
W, MEAT T Ny BRI 0T L 8 B S B 3% 4.

* 4 ARIGEEES L PINVP-DVB-CH,CHFLiE 25
Table 4 Pore parameters of P(NVP-DVB-CH,Cl) synthesized
with different chlorination time

AL E] /h .45 mm B /(m*/g)
2 8.36 581.64
3 8.26 54236
5 8.06 538.65
7 8.58 536.51
11 8.08 521.63

& 10 FEL 11 43 51 Rk A A S AR [R5 B P(NVP-
DVB-CH,Cl) [ Ny Wz B - Hid B il £ AL A2 o0 A il £k

shaZe 4. 10 A 11 AT IE S, AR
HIJG MRS AL a3 ST 2 l, % 4 BdE iR,
S AL SRR R I RS R RN E R, g5
K110, JH: L0 2 i AR /N 2 5 S50 B St R AT Ay 3 i
o 251 10 mT5, 4 FoRedh =B A7 R RN fL
FRFLAR oA 06, G P 3605 BE L 7E 10~50 nm 38K 1Y
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Fig.10 N, adsorption-desorption curves of P(NVP-DVB-

CH,Cl) synthesized with different chlorination time
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Fig. 11  Pore size distribution of P(NVP-DVB-CH,CI)

synthesized with different chlorination time and
their partial enlargement
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Fig. 12 Effect of chlorination time on chlorine content of
P(NVP-DVB-CH,CI)
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Fig.13 FTIR spectra of P(NVP-DVB) before and after
amine functionalization
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Fig. 14 SEM images before and after P(NVP-DVB) amine

functionalization (a, c, e, g, i, k) and their enlarged
images (b, d, f, h, j, 1)
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Table 5 Pore parameters before and after P(NVP-DVB)
amine functionalization

Kk RS EIREY l‘lﬁiEZ[ﬁi A E‘ng/

nm (m/g) (cm’/g)
Bk 8.67 722.61 1.35
P(NVP-DVB-%##%) 8.59 590.36 1.21
P(NVP-DVB-_.Z.Jf¢) 9.05 505.51 1.06
P(NVP-DVB-=Z}i%) 8.70 500.46 1.01
P(NVP-DVB-1 k) 8.57 501.81 1.02
P(NVP-DVB-IR %) 9.51 335.18 0.84
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Fig. 15 N, adsorption-desorption curves before and after
P(NVP-DVB) amine functionalization
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Fig. 16  Pore size distribution curves and their partial

magnification before and after PINVP-DVB) amine
functionalization
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Fig. 17 Thermogravimetric curves of P(NVP-DVB) before
and after amine functionalization
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Fig. 18 Water contact angle before and after P(NVP-DVB)
amine functionalization
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Table 6 Recovery rate and relative standard deviation of

BPA (n=3)
52% BPA BPA i AR BPA
. Ellhe
ik W i o S
(ng/ll)  (ng/L) JE/Aug/L)
JEoR 0 20 1537 76.85 6.20

P(NVP-DVB- %)
P(NVP-DVB-—ZJl)

20 1993 99.65 1.96
20 16.87  84.35 12.11

S O O o O

P(NVP-DVB-=2.J%) 20 13.57 6785 5.48
P(NVP-DVB-Zif) 20 1459 7295 3.61
P(NVP-DVB-KI%) 20 1629  81.45 11.05

F 6 TTLAE Y, 51 = 2 A uhk A B i Xt
BPA [ inAr RN, 5 FORHH LL A BTREAR, s A
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(SRR AT 5 17T 5 1 A WIR R A i FRR AR R R
K, {HI BPA FISCREAREGRE, 456k S5. Bl
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(4 bb 2% 18 AR5 JFORHAR LU R AR R, &R fLAR T gk
B, N SES BPA AR il AR D, S
ISR EE R o 78 5 FPREIhREALRES T, BIA
R bR AR, IR UL W A %, A
Bl F B ke S oM. MR RRE,
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Table 7 Recovery rate and relative standard deviation of
BPA in actual water samples (n=3)

5% BPA JJis: BPA bR ks BPA Jliz  [mlik

F b Wl /(ug/L)  f/(ng/L)  WE/(ug/L) /% RSD/%
1 0 20 17.85 89.25
2 0 20 18.67 93.35 3.76
3 0 20 19.24 96.20

24 SiARMFEREXS L

it — 21 P(NVP-DVB-ZE i) il W Bt P B
P HEH P(NVP-DVB) (JEUR ). PXA B0 [ HE 11
HATXT L, 4% 1.3.3 PPN SRseif A i, 458 W3k 8.

# 8 FRIIREAL IR R 5 Rl W BRI B PEREXS L (n=3)
Table 8 Performance comparison of amine functionalized
adsorbents and commercial adsorbents (n=3)

J:FR BPA  BPA fii itk BPA

ki T /”i‘ RSD/
FEugl)  (ng/L)  BE/(ug/L)
P(NVP-DVB-%#t) 0 20 1993 99.65 1.96
ikt 0 20 1537 7685 6.20
PXA 0 20 1512 75.60 3.20
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