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Fig. 1 Process flow for low-bed acid blocking technology.
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B OIRHERMZ, SCOLIhRe A R N
WERFEAL G A, BEEH S RN ROK SRR .
wE 2 fros, Gl EFRESRECGRS
M5-b-"1 M) (PSB)M R B R AW, FIAHPU T %
SIRECK PSB IR, A RURMECK OME-b-T =
1#5) % & W) (BMPSB), 4 BMPSB ¥ T 7 2, /i .
. R BIRFIVSA R R NAR R, PLE
T RAT T b A IR R A Mtk B it
= WSO T R LR L, H SR ERER
Wi 5 A hER . 5 ST PSB b R R BOMI K &
BMPSB & & 50 {3k 38 111 Dy 5 3% PR AL S 52
i I 33 T R B (SEM) fl BLIHAR S 4T AR
T (FTIR) 55 FAIE 40 B F il 25 140kt 3R 11 &5 4) A
e, FEAE IR B A R BE R, R A
UGB BRI BT e TR S S
K, TR BN IR R AR ORI
Tt AHESNIHAE TV ATI ) A S BR B FH 2 it
U S PR ER R 5 S R AR
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1.1 ZIER

WIS, Abral). —ZmEREDVB, 4
raf), BE 5 T H5(AIBN, 98%). id% ik —
7K L (BPO, 4r#r4l). it #ifR % (APS, 43 #r

N n-BuLi n
e
Cyclohexane
50 °C

St PS

PSB

Ay FIIE T 38 (n-BuLi, 1.6 mol/L)¥IHH k3
SEMAEACEHE AR A A 5 Mg e (PVP,
K88-96). F£ A% I B4 4E 2 (HPMC, 4000 mPa-
s). 1ECEE(98%). 1,4- 1 ¥ (BDO, 43 #ral).
R (el =S ABE(PCL, 99%). oK
Y S A6 85 (SnCly, 4> Hr 4l — & 45E (CH,Cl,,
HPLC 2%). =& H %i(CHCl;, 97%) DU & AL Ak
(CCly, A3Hr4l). 1,4- SN (i) =W ik
(TMA, 35 wt%/KiBil) 9T % ={R%%(TBATB,
>08%)~  FH 2K (43 BT 4H0) A 3TV it 12 & 64 (NaH S O,
SrMT ) B BT T AR AR B A A PR A
"l ERRHCL, rAral). AN BI(NaOH, 4
Mra). JTEKEALES(CaCly, 3 Hr 4l K 2 1%
(EtOH, 43 #fraf)4 0 [ R WAk 237 TR
Nl FEZENRER(200~300 H)IW E 5
W TAHRAR s P CKE(or b4l FlH BTk 2%)
W H R E TR TARA R KB T /KNSE
U6 5 E . 2K MR T 20 R AT TR ) Ab TR
ERRHEPRRER, BE S TSRS
e A AL B, PRkl T4 Tk To A A 3
1.2 BCGEZWE-b-T 28 (PSB)FHRE L B
B
EEHEAAEIR T, RAEEAE R &%
HHEECORLIR-b-T ZIFm) W B L R Y. 270K
THEFM T, BRLIE(10 g, 96.2 mmol)FIHA
FE(90 g) M 500 mL [ [ Ji& e il - FR7E 50 °C

\ \
n ' q 0,
+ | + 1§ (1) AIBN, 65 °C
XN 2) TMA, 25 °C, 48 h
X__ Brl (2

St DVB BMPSB
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Fig. 2 Synthesis routes to microspheres.
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NEHAT RS BRI, ERERE AR IR
THE(0.57 mmol) 5| K HARTEE . [ V45 min 5,
#1,3- 7 2 H5(10 g, 185.2 mmol) A L2 (90 g)
VR A RN R R, 890 min. fxJe F
TA 1 wt% 2,6- BT B0 H By i 5 N B IR
TR R IR, K TEA W DT 78 K= I TG K
oFE, HEBETRKMEKCEEZ IR, 1
S0 CCEHZEMAMP TREEE, 528 HREAR
[ A I 2R 2 AN 1,3- T U BRI
&, il 7 PS/PB LA [F ) 3 Fh PSB LY,
7= Z>98%. M4k PS 7E PSB A ] & & (50 wt% -
60 wt% Fl 70 wt% )+ &t iy 4 4 PSB-50. PSB-
60 F1 PSB-70.
1.3 RUBCEEZH-b-T _H)(BMPSB)EA
HIE B

% PSB R 1R AL i BMPSB. LA PSB-50
f, 7E 1000 mL = I 5 4K X in A\ PSB-50
(20 g, 0.449 mmol). PU T Kk = R ¥ (84.27 g,
174.97 mmol) 1 — & Ffl 5 7% 77)(70 mL). 7F 30 °C/K
WA R AR PSR, FRERTeE
IR HAIRLE THIR A 44 °C,  (E YA B8 [H A n 4
M4 h. OG5 TR JE R4 2 (25 °C)s N
N 150 mL F H 25 A1 250 mL f 25 55§ 7K B V% 3~
5 min B R IO DY T A =R, BN
R E SR W RS E R L) =
DRI, i 2.5 g 1) NaHSO; #1250 mL [
NaCl/KIER(25 wt%), Ve =, SN ERdE
O AF BT, . ek 3~5 min J5 KRR B EET N4
Bk E R WE EERERT =15
f . T F 250 mL Y NaCl /K %5025 wt%) Ve isk 3~
5min, BIASBIEFHEITHRESE, KL
JEB R R AL B AR AR 5 £ 1) FR VR B T
U, DU G IS B, AE 70 °CE A B T A
IR F 500 mL ) H 234 71 R0 250 mL 1) 2 B
KRS SR BTV R L 2 R R B T 7
VIO T R =R, P W EEDTUE . IR & L AR
70 °C 3 7% B AR v T 8 0 78 5 43 2 BMPSB-50 5
a1

TR SNSRI, $ sl B B K e B
N [A] 38 AT HR mRAL AR, AU A 75 e IR
A RE . H R I E () K B 51 R IR
TERECR SRR RS, FERE & N
PR [ E Sk 44 °Cy 4 h, IEONEE

T IRSLIR 8 R 2, e 1 IR S e
Yk E .

14 FERUBEXRZHE SHIKPS@BMPSB)H
&

I B F R A i) % PS@BMPSB ik . LA
BMPSB-50 A, fEZ iR FHL69 mL )2 557K
24 mL 116K £ BET 250 mL () = B H
£ 370 r/min ) BL B A0 $F 2 FE R 4K O A PVP
(I.5mL, 2 wt%). HPMC (1.5 mL, 2 wt%)#1E
CUE(1 mL), 080N BRI S . TEREAF T n
A1 g BMPSB. 9 g St. 0.3 g AIBN #1 0.2 g
DVB, Hf 5~20 min, FfHAERABEERIA
IR A R = e, B RS AL
PRI R IR AR E B RNAR R . N R TF AR R 2
65°C, M. 16 h. R MR G, fFikin#, FF%
SONAR R R E R =0 s LB K
IKCEEEZ IR, MR TREEEE, EiR
TR R A Y E A MERTE TMA Bl R
48 h, HEHET/KIEWE, 192 PS@BMPSB.
R 4 BMPSB-50 & [ B4 9 1) 2 & (10 wt% -
20 wt% 130 wt%) ¥ FF it iy 44 4 10-PS@BMPSB-
50, 20-PS@BMPSB-50 £l 30-PS@BMPSB-50.
1.5 N RS 53R AT

K H A B3 28 7] SALD-MS23 o' ki i
FTSHCI 58 THORRLAR B AT, 3T 3 26 % (1.60+
0.01), &5 #2082 min 5 B . @ =
TR (SEM) MW SR Bk 3, K FH & E
FEI /2 7] QUANTA450 B f v e, Ik
HL N 20.0 KV, FEZEMTEACIE, o0 FE & [E R
HEAT REV 2 b LA E R o3 & & . i B A
e 21 4h 63 (FTIR) 2 BT b 24 45 0, SR 3%
Thermo Fisher 24 & Nicolet6700 248 B H-21 #h i %
1%, F4 70 B 4000~500 cm™!, 3 #EF 0.4 ecm !,
B IR AR . I R A3 AT (TGA) MRk
FasEtE, SRH 55 E TA A Q500 B #4434,
A5 R L0 °C/min T 2 600 °C. K 3£ [
Agilent 2 7] 1260 B 5t 72 12 il A E A9
gy, DY s A, E 1.0 mL/min,
FEIL 30 °C,  PAZRIR M AR AE . SR F 5 -+ Bruker
/A& AVANCE III 500 MHz %Y 4% b 3t 4% yi i A3 i3k
fT'TH-NMR il ik , DL CDCly; N & 7, TMS A
MF5 .

KA B RIEN ek ) & AL 0.1 g i
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PERT 25 mL i, AN 0.2 g iR A1 0.2 g
SEALEN, IRE LG TE 600 °CHI L 3R FR K e
2 h. K IR R K e TR R ) 2 S T K R
Je . BT AR U SE LE 250 mL AE TR,
0.05 mol/L R R AR AR EIE I 2, 2 A ()T
HHMERE S &
_ Vxcx3545
1000 x m

o, p REEE (%), VAR FE IR A AR R
AR B (mL), ) A& A R 4R V3 VR 1) JBE 7R 9K
(mol/L), m ZTHERKI &= (g).

FREX 10 g BR8] A\ 3645 50 mL [ 0.2 mol/L
W HCIE W, 2[RI (A BCEL 3 mL &,
0.05 mol/L NaOH 7 #E 1 VT 7€ 1% 5 2 R i
BRI EE, AR 23 20(2) I Tk iR B =2 O,
ot Ot th 2R, F ST WP 5L O, I W B B 1] 1 A2
KA.

x 100% (1)

(Co-C,)V
B m(l-w) @
XA, O, A& TERAE B 18] ¢ %7 B2 W B & (mmol/g),
Co F1 C, 43 59 R ) s R T 487 B 35 Y v TR T 9 S
(mol/L), VNIEWAAFN(mL), m NIGHERI 5 &
(2)y w NWEIRIE K E(%).

FRELS g BIMER BT 100 mL FAEI F, 4>
I 50 mL A [FIER FE R B SR ERVA W, 7E 15 °C.
25°CHI35 °C M IEIE Y 12 h, ek 78 0 Wl
PR . XS mL 73 B8 )5 I ERER VAT, TN 2~3 R K
WWAE R 7R, F 0.1 mol/L NaOH 45 it i&
BEATH R, 2 (3 )Wl e IR B P-4 5 v HC
KR EE C.r FFRIE A X Q)T 5P & Q.
23] Qe-C R SR M 2, 4 37 V-1 R B £ B

H

Waste acid Pump Resin column  Collector
Absorb

BRI AR IC R .
C.— CNaOlI-l/ X .Z/NaOH 3)

U, R H-F4i7 fe 1 L HCL )R (mol/L)
Craon T 5E I BT NaOH ¥ ¥ 1) V& & (mol/L),
Vyaon N 1 7€ I FT W %6 NaOH ¥4 VK ) 442 # (mL),
Vacia 9T 7€ I BT RO B -~F- 4687 i Vv P AR AR (mL).

B3 AR ) B AR B SE i 2 BRI, 58
W — AT IR AT 4 Sy EAT IR BERT N AT A 2
W, TR R 80 AR R AT R 1 R T
B, B BT R AT ROER PR R AR . BRI R
W B FE R AR MR AR AE R, I A — 5 1)
W E N ST R 2 A2 8 R R
EH T 0K PR o R A W B A P T %o 5 Y2 A I B A
F o DRt AR AT 3 S I HH PR o TR PR 4 R
R K, R VR R A TR B UE B ek T B
AU, DR R . AR Y R e B P A O R
RGN MER T, F 258 /KAE v A W D
— & B E B R ST A I T SR e
TUERIR .

KH HARDUBE ISR 2 81K —E— EI
50 mL R AERZE AR A, JRE R IR 2
%, EENEENREN . PGSR
0.5 mol/L 1] #: FR VA i LA 3.68 BV/h fH 72 it i i A\
WER IR (BV Bl IR 4 #H (bed volume), A 58
1 BV=50 mL), FF|FH H 255 I A48 % th 1
WA e R 7 AT VR . A 0.2 mol/L
(1) NaOH 00 H BOEAT BRI 2, 2 A(R)
THER IR MR R RS, 52 BT
B DL CICO N AR, R IARU R AL bR, 2
il o 2 28 .
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Fig. 3 Experimental setup of acid absorption (left) and regeneration (right) of microspheres.
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R SRR, WIS R OER AT
A AR S BRI T B A SRS, TR S
MUGHEHBNREW, EER R E S YIEIR
FEREE(C/Co=1), BER ek s A A . Ji it = 4)
I FAFR 2 SR P A S Bk ) VRV B 2

_ Gt C
e N ree @

A QB TER A Y AT B 4 f (mmol/g),  Co
AIIG BRI JE (mOl/L), Vo Ay 58 T Ui H AR 7R
(L), mAERERI TR ().

(41 4(a)). % TH-NMR 45 5 (40 15 4(b)) ik 5
B TEER . 0=63~T2 4 NI ZIFE PRI L
SR FAMMEARENE, 1,2- T IG5
H1 =CH, 1) 4 7 AL # U6 tH I AE 6=4.81~5.07 4t ,
1,4- T IR 45 HouHh —CH=CH— b %A1 5%
U R BILAE 0=5.23~5.41 &b, 1,2-T —J@m&h#g oo
=CH— M1k 207 7% U6 H BILAE 6=5.42~5.57 4k . i@
i "H-NMR 3 B REE I R 73 T AR, 1F 5 PSB
LR A PS R 1,2-"T M 45 04 BT 1) T & 2K
(wps Fwy,), THEAR @A) HI6):

. L
2 FEREITE e () A%ZS -
2.1 PSBHIBMPSB f& B R & RAE mﬂﬁfkfoﬁiﬁ
AR PENTE TR AR, M R 5
51 PSB P IRECE B, BT & i — 1) 4
PSB i Ik B B LA LR K L0 a0 -—2xi0%  ®
KEE, BRI BHR B RN 5 IR LMok Ao+

IARZS I, i ER 5 S D) e P R EAE SRR LR ek
ARG TR 1,3-TT 0 R B R IR 4
K, (EBhPB B GI AT REIL R, WA T REAL
JE A () A AR P S R SRR A TR 2540 S Mg
[rIEZ .

W 1V Fx, DAIE T B85 & A, 5
PSB LY PSR ELIK1 5> F 820 kDa, AR T
PSB-50. PSB-60 11 PSB-70 3 Ff i i B 3L 4,
H PB ¥#Z I iz @ik . LA PSB-50 A, KA
GPC JUHR PS % B 5 A W0 F1 PSB-50 3 R ¥ 11 M,
8, 2394232 F144.5 kDa. Hi#E PSB-50 () M, fE
HMIPS R B M, 18, RS2 PB kB M (E
21.3 kDa. PBS-50. PBS-60 fll PBS-70 ', PS %
BC ) M A 2, B Wit E, Bk TR
PB 7> T & AL, 43518 44.5. 32.0 f1129.4 kDa

K, Ags AR A5 MAREAEALFETE 9=6.30~
720+ 4.81~5.07 F15.23~5.57 4ib ()54 0 A1 43 THI
L A B Ay a's bIERIFN A, A, N T
ey v AR TR, A N B e WERIAR S T
3R PSBAL BRI PS S EBITHE R0 A
50.0 Wt%- 60.4 wt%AH170.0 wi%, BH MBS
T A2 19.68 wt%- 25.05 wt% fl133.77 wt%;  AH
N ) PB & N 50.0 wt% - 39.6 wt% A1 30.0 wt% ,
Hrp 12-T IR o E R T kB h i b
HM79.0 wt%- 80.1 wt%fl1 81.8 wt%, 5kt
WAL

E & beia g, DALY Tk =R R
P, BIRGINPSB IR T IS ARG, &%
BMPSB JL Y. HFTIR G E (Wi 4(c) B, T
T BRI, 3 PSB 4L ARl 4R 7E

Table 1 Molecular structure characterization of PSB and BMPSB copolymers.
M, ps? M, psp ® Microstructure ° Br content
Sample ’ ’ M /M2 wpg ® (Wt%)

(10* Da) (10* Da) 1,2- (%) 1,4- (%) (%)
PSB-50 2.32 4.45 1.01 50.0 79.0 21.1 -
PSB-60 1.92 3.20 1.01 60.4 80.1 20.0 -
PSB-70 2.06 2.94 1.01 70.0 81.8 18.2 -
BMPSB-50 - - - 19.7 65.4 34.6 69.4
BMPSB-60 - - - 25.1 64.1 359 74.3
BMPSB-70 - - - 33.8 63.0 37.0 68.1

2 The GPC test results; ® Calculated results from the NMR test. PSB stands for polystyrene-butadiene block copolymer; BMPSB

stands for brominated poly(styrene-b-butadiene) block copolymer.
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Fig. 4 (a) GPC curves and (b) 'H-NMR spectra of PSB copolymer; (c¢) FTIR spectra and (d) 'H-NMR spectra of BMPSB
copolymer. PSB stands for polystyrene-butadiene block copolymer; BMPSB stands for brominated poly(styrene-b-butadiene)

block copolymer.

1640 cm ' AL [ XUBERFE I 2%, 75 BMPSB 414}
i 2% P TE 599 om ' Ak H BILAH BLIF] C— Br 8 BU4RFAE
W, LU T AR BE PB & fE 4 g AP G K (PBS-70.
PBS-60 fiI PBS-50), * #] PSB & Jj i {t. Ay
BMPSB. #H ¥ ft) TH-NMR ¥ & (40 & 4(d)) & 7=
BT IR REAE 0=4.7~5.7 R Ak A R e J L
Wk, RAMISRE, BONAZ FIRTE6=3.59~
463&&}?9’1%%%1&%& BT T IR
BB IR ARG A A B 0 . I, 1,4-

TREE R B — CH=CH— # IR B RS k27
R N BNAE 6=4.07~4.63 b, 1,2-7T " IG 4S5k
JGH = CH— # IR BURE A 22 AL R U Hh I AE 0=
4.07~4.27 8k, 1,2-T ZHs 2546 50 o = CH, # IR
BUR 5 AL 22 A7 B s L BILLE 0=3.59~4.07. T 4
G5 K6 B T R RAK FEE (R 5 LA PR R o i R O
(B R 43 LIS A 2o E(7) -

A+é§
Br (%)= v 2 o x100% ()
b Ad
Aﬁ-2+&+2
o, Ay Ay AN A BAREAEALREALE 6=

5.5~5.8. 5.2~5.5. 4.0~4.6 F13.5~4.0 [FJREAE 06 FH
AR, AAE —CHBr— X HIE(E4(d) T el ¢
%ndm&) AfRE —CH,Br W H I, BIE 4(d)Fe

5 IRALE 2 NS 69.4%. T4.3% A168.1%, i
% FEAR R 26T IRALBE 35 BE PB ik Bt
AN AR ST SR E 5

EAFVERZ, BMPSB-60 [ & 805w T
BMPSB-50 1 BMPSB-70. iX —ita ¥ i] fit 5 PB &
BT 8 KM %A 5%, BMPSB-50 [ PB B
SFERE, RS RSS, 5 XUk
(7] Sz VeI : BMPSB-60 [ PB B/ T Ed&E
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Fig. 5 SEM images under different magnifications, and particle size distribution of: (a—c) 10-PS@BMPSB-50 microspheres,
(d—f) 10-PS@BMPSB-60 microspheres and (g—i) 10-PS@BMPSB-70 microspheres. Note: PS@BMPSB refers to quaternised

polystyrene composite microspheres.

Table 2 PS@BMPSB particle size and surface element content of microspheres.

Sample Particle size (um) Distribution C content (%) Br content (%)
10-PS@BMPSB-50 205.14 0.085 86.79 9.72
10-PS@BMPSB-60 293.09 0.116 87.10 7.86
10-PS@BMPSB-70 380.43 0.138 89.68 6.95

PS@BMPSB refers to quaternised polystyrene composite microspheres.
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Fig. 6 EDS spectra of PS@BMPSB microspheres: (a) SEM image, (b) carbon element mapping, (c) bromine element

mapping, (d) nitrogen element mapping. Note: PS@BMPSB refers to quaternised polystyrene composite microspheres.
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Fig. 7 FTIR spectra of PS@BMPSB microspheres: (a) prepared with different BMPSB types, (b) prepared with different
BMPSB-50 contents. Notes: BMPSB stands for brominated poly(styrene-b-butadiene) block copolymer; PS@BMPSB refers

to quaternised polystyrene composite microspheres.
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Fig. 8 Adsorption kinetics curve of 30-PS@BMPSB-
50 microspheres. Note: PS@BMPSB refers to quaternised
polystyrene composite microspheres.
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Fig. 9 Quasi-first-order kinetic model (a) and quasi-second-

order kinetic model (b) of 30-PS@BMPSB-50 microspheres.

Note: PS@BMPSB refers to quaternised polystyrene composite

microspheres.

Table 3 Dynamic fitting parameters for 30-PS@BMPSB-50 microspheres.

Quasi-first-order kinetic

Quasi-second-order kinetic

Sample -
K, (min™")

Q. (mmol-g™)

R? K, (g'min™!) Q. (mmol-g1) R?

30-PS@BMPSB-50 1.58 42.99

0.80 0.23 46.84 1.00

PS@BMPSB refers to quaternised polystyrene composite microspheres.
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Fig. 10 Isothermal adsorption curves of 30-PS@BMPSB-
50 microspheres. Note: PS@BMPSB refers to quaternised
polystyrene composite microspheres.

TAERER TR 9 Ok e, BE AR AR B R Bt . 30-
PS@BMPSB-50 i3k 0t #5158 (1 W Bt 32 B T 3R 1
ZRR IR A S S 2 R R B LR, EBH
T i 55 # AR R G AR R HY, SRR Y
PRI .

# 4 JE R T 30-PS@BMPSB-50 i BR 1) 25 5.
W B A LA FEAN S5 . /£ 25 °C R, Langmuir
Y B AH ¢ £ 80 R? (1.00) /& T Freundlich 45 7Y
fRIHH R R AL R? (0.96), E W] Langmuir #5284 %} 30-
PS@BMPSB-50 il 33Kk W B 2 1) i 2 40 & 80
U, HIEABIR BT Langmuir #27% LY Freundlich %
PR S, MABREL . Ft, Langmuir 5
AU 3% A 3t 8 30-PS@BMPSB-50 1 Bk X 12 (1) T
By it R, 2 9 30-PS@BMPSB-50 fER (1) W [ it
S BGE R o FRW A, IS D REfaR A
PO PR ROR, & A RIRBRH AT K.
2.5 30-PS@BMPSB-50 =3k #9375 0% Bt

WK 11 iR, X 30-PS@BMPSB-50 fif Bk i3t
AT RIS, TR]RE IR AR SRR BRIV B
22 ) 27 3 2R B 11 () R i il 2R (A 1 11(b)).
ARSI 5 5K C/Cy=0.1 K1l C/C,=0.4 1E }y 30-PS@
BMPSB-50 1 i () 27375 s AR [l AC 2% A5

Table 4 Fitting parameters of the isothermal adsorption model of 30-PS@BMPSB-50 microspheres *.

Langmuir Freundlich
Temperature (°C)
b(L'mol™")  Q, (mmol-gl) R? K. 1/n R?
25 1.28 408.76 1.00 219.38 0.45 0.96
35 1.27 438.02 1.00 233.69 0.47 0.96
45 0.85 557.67 1.00 247.89 0.48 0.98

2 PS@BMPSB refers to quaternised polystyrene composite microspheres; ® The unit of K is (mmol-g™!)-(L-mol-1)"~,



2074 [ R S 2026 4
o RCERBEAT 10 KA [N A P, 0 A flcek v
0.9 MMMMWD AL B AR P i e S e B S AR I Y L
ol i 5. 4P 12 T, BT A th BOsRH7E 10 21 7
ol i SRR IR, BB IR S T R

Sosl P 7E.80% LA L, AT HE 1 T 8 A PR E
S04t
105
03¢
02t 100
0.1F 95t
>
op ~~—— g 90t
0 02 04 06 08 1.0 12 14 1.6 1.8 2.0 2 gs|
¥ (BV) s
£ sof
LOF (b) 5 75t
09 “R £
0.8t K
0.7} % 3
SO ) T R AR
S 05F b\o Regeneration number
0.4+ \O\O Fig. 12 Experimental diagram of the reusability of
03} ‘\O‘O\RO 30-PS@BMPSB-50 microspheres. Note: PS@BMPSB refers
0.2y \°°o~o to quaternised polystyrene composite microspheres.
0.1} %%mo
0

0 02 04 06 08 10 12 14 16 18
V (BV)

Fig. 11 Dynamic (a) adsorption and (b) elution curves of
30-PS@BMPSB-50 microspheres. Note: PS@BMPSB refers
to quaternised polystyrene composite microspheres.
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Research Article

Preparation and Hydrochloric Acid-adsorption Properties of Polystyrene
Composite Microspheres

Rui-ming Xu!, Meng-yuan Fan!, Wei Liu'*, Chun-qing Zhan', Hua-wei Tang?, Zhong-fu Zhao!"
(!State Key Laboratory of Fine Chemicals, School of Chemical Engineering, Dalian University of Technology,
Dalian 116024)

(°Weihai Greenlan Water Treatment Equipment Co., Ltd., Weihai 264200)

Abstract To develop high-performance acid-blocking adsorbents, this study designed a series of brominated
poly(styrene-b-butadiene) block copolymers (BMPSB), which were dispersed within styrene phase during
suspension polymerization to prepare quaternized polystyrene composite microspheres (PS@BMPSB). Three
types of poly(styrene-b-butadiene) copolymers (PSB-50, PSB-60, PSB-70) with varying butadiene block lengths
were synthesized using living anionic polymerization, and subsequently brominated with tetrabutylammonium
tribromide to obtain BMPSB-50, BMPSB-60, and BMPSB-70. The effects of BMPSB type and dosage on the
morphology, particle size distribution, and enrichment of surface functional groups of the composite microspheres
were systematically investigated. The results indicated that the higher the polybutadiene segment content in
PS@BMPSB, the smaller the microsphere particle size; when the BMPSB-50 dosage was 30 wt%, the resulting
microspheres exhibited the highest surface bromine content, reaching 9.72%, with a particle size of 205.14 um
and good dispersion. Studies on adsorption performance showed that the static adsorption of hydrochloric acid by
these microspheres reached equilibrium within 6 min, conforming to the pseudo-second-order kinetic model and
the Langmuir isotherm, with a maximum adsorption capacity of 46.84 mmol/g. In dynamic adsorption
experiments, the breakthrough volume was 0.6 BV. During the initial elution stage, the high acid concentration
allowed for direct recovery. After 10 cycles, the exchange capacity of the microspheres remained at over 80% of
the initial value, demonstrating excellent regeneration stability. This study provides a novel, highly efficient
adsorbent material for the acid-blocking method and offers experimental evidence for the structural design of
functionalized polystyrene microspheres.
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