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Fig.1 Tubular diagram of BNNT (19, 0) (a), BNNT (14, 8) (b) and BNNT (11, 11) (¢)

(Light pink represents boron atoms and dark blue represents nitrogen atoms)
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Table 1 Simulation information of BNNTs

BT RO KB FLEAR/A B E /s

BNNT(19,0) 8858 4Rt 15,417 3
BNNT(5,5) 8820 #kF# 6.980 3
BNNT(8,8) 8868 #kFM 11.230 3
BNNT(11,11) 8878 $kF# 15.425 3
BNNT(14,14) 8892 $FTH 19.655 3
BNNT(17,17) 8890 #<F-# 23.855 3
BNNT(14,8) 8884 WEAEH 15,632 3
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Fig. 3 Water flux (WF) of three BNNTs with different
chiralities at 40 MPa and 300 K
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Fig. 4 One-dimensional number density (ND) distribution of water molecules along the channel in BNNTs with different

chiralities (a); radial two-dimensional ND distribution of water molecules in zigzag BNNT (19, 0) (b),
armchair BNNT (11, 11) (¢), spiral BNNT (14, 8) (d) and zigzag BNNT (19, 0) -B (e)



S BB %

%45

2B TR IE T AR WK I 1 B A B AR A AL
il 5 K o35 e AR E SRR o AR R R S
KAUA 7 1) CIE = %D Z (8] g Je M, B/ 5 RoR A
B 3 ns B KT EEUE M CAOA) B AR AL & B
T[] — IF 20 T A8 9 K 23 5 19 IBCTe) A AN R DR —
UMK AN R BRI  BNNTs. 1 2 8 i 94
BT 1) KA HE K B A% B . AR R 220 K o3 ol i
BNNTs #9F 2 H i) /1 77 [m A . 78 BNNTs o
KA T BT 0 XA AT R . 5 Z AR
2 78 CNTs L, 7R 70 718 BE A — B Al 5 B

I () B G0 BA 25 402 3k W] REJE A BNNTs [ %
e B AN s B HES 4544 . B 5 N A9 A fipE R
IF) o DTG 3 BOR P 3 A3 B8 R X R & 7K o0 1 52 31 R v
Y52 i) o 23 38 20 1 A% B 5% PR AN 5 BNINTs 45 BE 19
FEE B2 BH 7 o DT 2 A 2 0 00 BB 1 3B 5500 . oAb, Ay
Hr T 3838 K 5 T B M CABA) B9 28 46, I /& 6
JIiR . KA FHE AGNOK S TE P B AR . X A
N MR AS [N K 4 7 IR B A DUR T B 2R FRAIG
BEL g afE i A2 A% . DR, 7K 4% A 3 o A oK A
SR A AT AR B0 B B B

K5 BNNT(19,0)(a) . BNNT(11,11)(b) .BNNT(14,8) (c) Al BNNT(19,0) -B(d) 734 £ 3 ns F /K 43T ¥ 34 B s £y &
Fig.5 Average orientation angles (AOA) of water molecules over continuous 3 ns in BNNT (19, 0) (a),
BNNT (11, 11) (b), BNNT (14, 8) (¢) and BNNT (19, 0)-B (d)
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Fig. 6 Average bond angle (ABA) variation of water
molecules passing through different BNNTs
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Fig. 7 WF through five BNNTs with different
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Fig.8 One-dimensional ND distribution of water molecules along the channel in BNNTs with different pore sizes (a);
radial two-dimensional ND distribution of water molecules in BNNT (5, 5) (b), BNNT (8, 8) (¢), BNNT (11, 11) (d.
BNNT (14, 14) (e) and BNNT (17, 17) (D
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Fig. 9 AOA of water molecules passing through BNNTs with different pore sizes (a); ABA variation of water molecules

passing through BNNTs with different pore sizes (b)
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Fig. 10  WF of BNNTs of different lengths at 30 MPa and 300 K (a); one-dimensional ND distribution of water molecules

along the channel in BNNT (11,11) at different lengths(b) ; radial two-dimensional ND distribution of water molecules
in BNNT (11,11) at 20 A (¢), 40 A (d), 80 A (&) and 160 A (D
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Fig. 11 WF through armchair BNNT (11, 11) at different temperatures (a) ; one-dimensional ND distribution of

water molecules along the channel in BNNTSs at different temperatures (b)
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Fig. 12

WF through armchair BNNT (11, 11) under different pressure differences (a); one-dimensional ND

distribution of water molecules along the channel in BNNTs under different pressure differences (b)
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Molecular dynamics simulation study of water transport
in boron nitride nanotube membranes

WU Jinwen', ZHU Zhihao', KANG Guodong®, CAO Yiming?*

(1. School of Chemistry and Chemical Engineering, Anqing Normal University, Anqing 246133, China;
2. Dalian Institute of Chemical Physics, Chinese Academy of Sciences, Dalian 116023, China)
Abstract; Water pollution and scarcity are becoming increasingly severe, driving significant attention to the
development of efficient and sustainable membrane-based water treatment technologies. In recent years,
one-dimensional nanotubes have emerged as a research hotspot due to their exceptional water transport
properties. In this study, molecular dynamics (MD) simulations were employed to investigate the water
transport characteristics in different boron nitride nanotubes (BNNTs) by analyzing the number density,
structure and orientation of water molecules. The simulation results showed that, under the same
conditions, the water flux of the zigzag BNNT (19, 0) with nitrogen atoms as the inlet end was the
smallest. Water molecules will undergo irregular orientation inversion within BNNTs and promote
transport by increasing the bond angle. Furthermore, in nanochannels with different pore sizes, smaller
pore diameters required water molecules to adopt larger average orientation angles and bond angles to
enhance transport. And under certain conditions, long membranes were more conducive to water
transmission. Simulations were conducted over a temperature range of 280 K to 360 K, higher
temperatures reduced the accumulation of water molecules at the entrance, thereby enhancing water

transport. In addition, increasing the pressure also raised the water flux.

Key words: boron nitride; water transport; orientation; molecular dynamics
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due to their ordered pore structure and high hydrophilicity. In this study, a dense seed layer was achieved
by rubbing a pre-synthesized LTA seed sol onto a 200 mm macroporous « -Al; O; support, followed by the
fabrication of high-performance tubular L' TA zeolite membranes via a secondary growth method. The
effects of synthesis parameters were systematically investigated to optimize the LTA zeolite membrane
morphology and separation performance, including the presence or absence of a PTFE liner in the
autoclave, water-to-silica ratio in the seed sol, crystallization time, aging time of the synthesis solution,
and rotation speed of the oven. Under optimal conditions, the tubular LTA zeolite membrane exhibited a
high flux of 2. 23 kg/(m? « h) and an ultrahigh separation factor of 22 050 for dehydrating 90% (mass
fraction) ethanol/water at 348. 15 K. These results highlight the exceptional potential of as-synthesized
LTA membranes for scale-up industrial applications in solvent dehydration processes.

Key words: L'TA zeolite membrane; pervaporation; ethanol dehydration; seed sol-assisted method
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oil rejection: 98. 1% ~ 99. 4% ]; and remarkable antifouling properties, achieving 90% flux recovery
through simple chemical cleaning. Compared to pure Al,O; membrane, the PCS-Al, O; composite ceramic
membrane fabricated under optimized conditions exhibited a 54 %5 increase in porosity while its compressive
strength did not significantly degrade, maintaining mechanical performance comparable to that of pure
Al, O, membranes, successfully overcoming the technical challenge in conventional ceramic membranes of
balancing high porosity with high mechanical strength.

Key words: ceramic membrane; polycarbosilane; oil-water separation; phase inversion/sintering



