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Introduction

https://www.inaturalist.org/photos/175054886

Phragmatopoma California
Sandcastle worm

Sandcastle
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Background

3,4-di-hydroxyphenylalanine
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Fig: SEM of glass beads isolated from a tube built in the 
laboratory by adult Phragmatopoma californica

https://link.springer.com/journal/360


Background
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Background
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Interesting facts

1. The typical amount of glue the 
Phragmatopoma californica 
produces is approximately 100 
picoliters.

2. The glue sets in about 30 seconds, 
probably triggered by the large 
difference in acidity between the 
acidic glue and seawater.
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Why this paper?

1. This paper is crucial because we are actively searching for an effective sand binder. It will provide 
us with valuable information and potential solutions for improving the binding process in sand 
applications.

2. Additionally, the paper offers insights into the interface interactions and chemistry involved in sand 
binding, which will enhance our understanding of  how different binders work and help us optimize 
our binding strategies. 7
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Material design
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Naming and composition
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Experimental data

Fig: (a) Multilayer interface 
construction. (b) FTIR spectra. (c, 
d) XPS spectra. (e) EDX element 
mapping images. (f) AFM phase 
images (imaging area of ∼5.0 μm 
× 5.0 μm). (g) Micro ATR-FTIR 
images (imaging area of ∼0.5 
mm × 0.5 mm). 10



Experimental data

Fig: (a−c) EDX mapping images. (d) Contact angle testing process diagram. (e) The changes in the contact angle on the surface 
of carbon fibers with time. (f) Interlaminar shear strength. 11



Experimental data

Fig: (g) SEM images of interlaminar section and fracture surface 12



Experimental data

Fig: (a) Digital photographs of antibacterial performance. (b) Diagram of 
antialgae assay process. (c, d) Antibacterial rate and antibacterial activity 
of VER, VTR, VEC, and VTC. (f) Antibacterial activity of VER, VTR, VEC, 
and VTC.
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Experimental data 

VTR

Fig: AFM height images of VER, VTR, VEC, and VTC surfaces. Fig: LSCM images of VER, VTR, VEC, and VTC surfaces.
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Antimicrobial fouling 
mechanism

Fig: (e) Schematic diagram of the interaction of TA-APP with the 
cell wall and cell membrane of Gram-negative bacteria (G−) and 
Gram-positive bacteria (G+). (h) Bacterial cell destruction through 
electrical perforation caused by electrical potential difference. (i) 
Hydroxyl group accumulation causes damage to cytoplasmic 
membrane stability.
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Experimental data

Fig: Vertical flame test (UL-94) digital photographs and burning performance illustrations. 16



Experimental data

Fig: (b−e) HRR, THR, SPR, TSP curves in cone calorimetry test. (f, g) Smoke density curve. 17



Experimental data
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Experimental data
of  the char

Fig: Digital photographs, SEM 
morphology micrographs and EDX 
elemental distribution mapping images 19



Experimental data of  the char

Fig: (a) XPS C 1s and O 1s spectra of char 
residue of VER and VTR, XPS N 1s and P2p 
spectra of char residue of VTR. (b) TG-FTIR 
spectra of the pyrolysis products for VER, 
VAR and VTR 20



Flame retardant mechanism
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Conclusion

1. This work has developed a multifunctional substance, rich in ammonium phosphate and 

phenolic hydroxyl groups, providing flame-retardant, antibacterial, mold-proof, antialgal, 

and adhesive properties.

2. Combined with vinyl ester resin and carbon fibres to create a marine composite, mimicking 

sandcastle worms

3. Uses phenolic hydroxyl groups from tyramine to:

 Enhance interfacial bonding force

 Provide excellent antimicrobial fouling properties

4. Achieves high flame retardance through tyramine and ammonium phosphate synergy.

5. This work has developed a candidate for antimicrobial and fireproof  protection in extreme 

ocean environments.
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