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Fig. 1 Dynamic experimental setup diagram
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Fig. 3 'H-NMR spectrum of PESA
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Fig. 4 '"H-NMR spectra of the modified products: (a) PBTCA-PESA; (b) PBTCA-Tyr-PESA



Tab. 1 Viscosity of PBTCA-PESA

Time to/s /s 7 N [7]/(dL-g") M,
1 83.34 86.92 1.0430 0.0430 0.0424 1225.37
2 83.42 87.02 1.0432 0.0432 0.0425 1236.57
3 83.38 86.92 1.0425 0.0425 0.0419 1197.38

Tab. 2 Viscosity of PBTCA-Tyr-PESA

Time to/s /s N [7)/(dL-g™) M,
1 83.34 87.01 1.0440 0.0440 0.0434 1286.86
2 83.42 87.12 1.0444 0.0444 0.0437 1305.21
3 83.38 87.10 1.0446 0.0446 0.0440 1320.40
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Fig. 5 TGA of PESA, PBTCA-PESA and PBTCA-Tyr-PESA
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Fig. 7 Influence of various influencing factors on scale inhibition rate: (a) effect of heating temperature on scale
inhibition rate; (b) effect of Ca’* concentration on scale inhibition rate; (c) effect of heating time on scale
inhibition rate; (d) effect of pH on scale inhibition rate
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Fig. 8 Changes in conductivity and corresponding #.. changes for different concentrations of scale inhibitors:
(a, ¢, ) changes in conductivity of solutions after dosing different concentrations of scale inhibitors; (b,

d, f) corresponding changes in #.a
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Fig. 9 Membrane specific flux versus time curves
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Fig. 10 Effect of concentration on membrane specific fluxes: (a) effect of PBTCA-PESA concentration on membrane
specific flux; (b) effect of PBTCA-Tyr-PESA concentration on membrane specific flux

Fig. 11 SEM images of CaF, scale under different conditions (scale inhibitor concentration of 100 mg/L): (a) for scale without added
scale inhibitor; (b) for scale with added PESA; (c) the scale with the addition of PBTCA-PESA; (d) the scale with the addition

of PBTCA-Tyr-PESA
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Fig. 12 XRD of CaF, scale samples with and without the addition of
polyepoxysuccinic acid and its derivatives
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Synergistic Modification of Poly(epoxysuccinic acid) with PBTCA-Tyr and Scale

Inhibition Properties Against Fluoride Scale

Yihao Zhang'?, Zhe Qin', Xinzhu Bai', Bingtai Ma’, Chunxia Zhao', Da Lu'
(1. School of Eco-Environment, Hebei University, Baoding 071000, China,2. Hebei Institute of

Environmental Geology Exploration, Shijiazhuang 050011, China)

ABSTRACT: In order to alleviate the CaF, scale blockage of reverse osmosis membranes, poly(epoxysuccinic
acid) (PESA) was modified with 2-phosphobutane-1, 2, 4-tricarboxylic acid (PBTCA) and tyrosine (Tyr) to obtain
PBTCA-PESA and PBTCA-Tyr-PESA. The static and dynamic experiments were used to test the scale inhibition
performance, and the results show that in the static experiment, the scale inhibition rates of PBTCA-PESA and
PBTCA-Tyr-PESA on CaF, are 94.92% and 98.72%, respectively, at the dosage of 200 mg/L, which possess the

ability of complexing Ca’~ to prolong the time of crystalline induction; and in the dynamic experiment, the

decrease rates of the specific flux of the membrane are 34% and 27%, showing better performance in dispersing
CaF, and effectively alleviating membrane blockage. XRD and SEM characterization show that PBTCA-PESA and
PBTCA-Tyr-PESA can cause the irregular growth of CaF, crystals, destroy the crystal formation and change the

crystalline shape, and the main scale inhibition mechanisms are dispersive effect, lattice aberration, and chelating

effect.

Keywords: tyrosine; 2- phosphobutane- 1,2,4- tricarboxylic acid; polyepoxysuccinic acid; calcium fluoride;

dynamic experiment; scale inhibition mechanism



