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leads to a random h-BN distribution, which weakens the inherent anisotropic properties (high through-plane thermal
neutron shielding capacity, and thermal barrier performance). To address this issue, direct ink writing (DIW) 3D
printing is adopted to realize in-situ alignment of two-dimensional h-BN flakes along the printing path via the
intense shear flow inside the nozzle, enabling one-step fabrication of anisotropic multifunctional composites. The
results revealed that shear induction successfully aligns h-BN flakes within the PDMS matrix; the thermal neutron
shielding efficiency along the normal incidence direction rose from 73.4% for the solution-cast sample to 80.07% for
the DIW-printed sample at a thickness of 2 mm, representing an absolute improvement of 6.67%, while the thermal
barrier property in this direction is also enhanced. This work verifies that the shear flow field in DIW 3D printing
can tune the orientation of 2D h-BN flakes in the PDMS matrix, thus translating the intrinsic material anisotropy into
directional enhancement of macroscopic performance. Based on the correlations among printing parameters, filler
orientation and thermal neutron shielding/thermal barrier performances, this study provides a reference for
controllably constructing ordered internal structures of composites by shear flow, and supplies a feasible strategy for
designing and fabricating anisotropic functional fillers in neutron shielding and thermal management fields.

KEYWORDS Neutron shielding, 3D printing, Polydimethylsiloxane, Hexagonal boron nitride, Shear orientation
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Fig.1 Experimental flowcharts including (a) the synthesis of Fe,O,/h-BN; (b) the preparation of PDMS-based ink; (c) 3D printing
with shear orientation, and (d) magnetic field-induced orientation processes
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Fig.2 Schematic diagram of thermal neutron shielding test: (a) schematic diagram of the test system; (b) physical photo of the test
system outside the radioactive source; (¢) schematic diagram of the test method
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Fig.6 Physical photo of magnetic h-BN being attracted near a magnet: (a) before the magnet approaches; (b) after the magnet is
brought close and left to stand for 5 minutes; (c) after the magnet is removed

2.2.2  FesO4/h-BN 89 AL 50 5 L& 0 A

K] 7(a) . (b) Al (e)#& h-BN 5 FeSO,-7H,0 2 [
AN F W) I A3 21 Fe,O/h-BN,  fifi % Fe
TR RN, h-BN kil & 1) Fe,0,f H M
iy TR AR A HUIR R . B 7 (o) R (D 2 B 7 (b) Xt
% f¥] EDS mapping, W] LAF Hi Fe 7T 3 70 i X 3 5

20, pm 5pum

h-BN & &4, B 7@t & B 700 % M A
EDS mapping, K702 & 7> —HAxt BA H
JZ 451 1) Fe,O/h-BN, 1] LLE H Fe LR MU E 4
T h-BN b, BAFTENF YK Fe, O A7 1E . NIRFE
h-BN (1) 7 2 4R, & 32 1 1 M & b
X h-BN 4T it

El7 AEYIFHE L h-BN Fl FeSO,- 7H,0 £ /%45 2 ) Fe,0,/h-BN ) SEM A EDS : (a)16: 1 F##I1f SEM; (b)32:1 =41
SEM: (o) & (b)[f] Fe JG % EDS: () El (b) [ B JGH EDS:; (e) 165 74 (] SEM: (D& () 1 R F#B UK K s () (D [ Fe U &
EDS: (W E (D) B 7L K EDS
Fig.7 SEM and EDS of Fe,0,/h-BN synthesized with different molar ratios of h-BN and FeSO,-7H,0: (a) SEM of 16:1 product;
(b) SEM of 32:1 product; (c) Fe element EDS in Fig.7 (b); (d) B element EDS in Fig.7 (b); (¢) SEM of 16:5 product;
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Fig.9 SEM of sample cross-sections printed with different shaped nozzles: (a) the cross-section of the sample obtained by the
conical nozzle; (b) the cross-section of the sample obtained by the straight nozzle
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Fig.10 SEM characterization of shear-oriented h-BN: (a) 0.1 mm layer height and 10 mm/s printing speed;
(b) 0.2 mm layer height and 10 mm/s printing speed; (c) 0.1 mm layer height and 20 mm/s printing speed; (d) casting molding
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PERIURE ] 58 117 1)

Bl 11 AR h-BN B [F 35 G T BUA A9 SEM FLEDS : ()40 mT #Z3% L 20 phr Fe,0,/h-BN ] SEM; (b) 40 mT

137 8017 40 phr Fe,0,/h-BN f] SEM; (¢)40 mT 3% HLI7 60 phr Fe,0,/h-BN f] SEM ; (d)40 mT ##3% HX 1] 80 phr Fe,0,/h-BN K

SEM; (e)80 mT f¥3% 17 20 phr Fe,0,/h-BN f] SEM ; (£ & (e) Xt N # EDS 5 (2020 mT 3% HI7] 20 phr Fe,0,/h-BN ] SEM;
(h) Bl (@)X} B2 EDS

Fig.11

SEM and EDS with different contents of magnetic h-BN and orientations under magnetic fields of different intensities:

(a) SEM of 20 phr Fe,0,/h-BN with 40 mT magnetic field orientation; (b) SEM of 40 phr Fe,O,/h-BN with 40 mT magnetic field
orientation; (¢) SEM of 60 phr Fe,O,/h-BN with 40 mT magnetic field orientation; (d) SEM of 80 phr Fe,O,/h-BN with 40 mT
magnetic field orientation; (¢) SEM of 20 phr Fe,0,/h-BN with 80 mT magnetic field orientation; (f) EDS corresponding to
Fig.11(e); (g) SEM of 20 phr Fe,0,/h-BN with 20 mT magnetic field orientation; (h) EDS corresponding to Fig.11(g)
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Fig.12 h-BN/PDMS shielding performance: (a) thermal neutron shielding rate; (b) macroscopic cross-section of thermal neutrons
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Fig.13 The heat insulation performance of h-BN/PDMS
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