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Fig. 2 Synthesis routes to microspheres.
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Fig. 3 Experimental setup of acid absorption (left) and regeneration (right) of microspheres.



6 T

Fok

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 ,
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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
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Table 1 Molecular structure characterization of PSB and BMPSB copolymers.
M, pg? M, psp Microstructure ®
Sample ’ ’ M /M2 PS b (wt%) Br® (%)
x104 x10% 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. 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 (%) Br (%)
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 1 Qe

R K 0. 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.
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Table 4 Fitting parameters of the isothermal adsorption model of 30-PS@BMPSB-50 microspheres.

Langmuir Freundlich
Temperature (°C)
b On 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

PS@BMPSB refers to quaternised polystyrene composite microspheres.
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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
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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.

Keywords Polystyrene microspheres; Block copolymers; Quaternization; Bromination; Acid retardation



