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Figure 1 The preparation of BN aerogel and its corresponding
macroscopic and microscopic structure. (a) Digital photograph of
BNNSs aerogels with various shapes; (b) a BNNSs aerogel can stand on
a flower-like dog’s tail; (c, d) out-of-plane and in-of-plane SEM
micrographs of BNNSs aerogel, respectively [37]; (e) schematic
illustration of the synthetic steps for 3D BN foam; (f) photograph of
the product; (g, h) schematic showing that the 1D porous fibers
assemble into 3D cellular foam; (i, j) a BN foam can be easily placed on
dandelion and petals of flowers [42] (color online).
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Figure 2 Synthesis schematic of 3D tubular BN cellular-network
foams [48] (color online).
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Figure 3 (a) SEM image of cellulose aerogel; (b—d) SEM images of
3D-C-BNNS aerogel [51].
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Figure 4 (a) Infrared thermal images; (b) surface temperature variation with cooling time of epoxy, epoxy/BNNS, and epoxy/3D-C-BNNS ; (c)
surface temperature variation with heating time ; (d) infrared thermal images of epoxy, epoxy/BNNS, and epoxy/3D-C-BNNS [51] (color online).
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Figure 5 (a—d) The hydrophobic and oil absorption capacity of rGO/BN aerogel; (e) the ability of rtGO/BN aerogel to absorb different solutions; (f, g)
the ability of rGO/BN aerogel to absorb hexane under heat treatment and extrusion conditions [40] (color online).

896



REFRE: B 2020 0 50 % K 8 M

M= L MMgG, FHAEAFERFLIESM.
BARKIE R i bR AR S R ST, R
JE T h-BNFEM RIS M. betn, A-BNIESEHRAE N
—HZ AR R, B R PTEA I S B K,
FE RN 2 7™ 25 () P58 G5 [ RS, m] DU T-Ab B K
TG4, BEW S ICO,. COL SO, TT YL 4k;
h-BNEESE A BRI AR, el HIEAY
AR, N HENARZG Y6 7 A 7T ; [FRS, A-BNJ&
SR BA R T oI R AR, AT AN T
WK s SR o PRI T (10 B AR BT 7 i 1) T AR
G E. B2, TEEMRZ, -BNEESEUR H AT

S5 30k

il g TEAPEREN 2. AR . T EA BRI EA
R AL XL ] B AS T A-BNESS B AR E B . T
MV IARJE R . 2 R SR A TS G s kL, 7
TR B ICIRAS T S LA st 5 B P LUBNGIK A 4, 28 )
— PR R TR A R RS AR, Bl 2% s L
RN Z FLBNLF4E, 98 518t 3D4T Ep i) & L2 R~ mT
W B SERCK B — e I 7 ORI S A

R Gn ] B R B AR K IR 1 ] £ 2-BN
TS EAT IR R — AN EE R T ). MG BEE %
FRAM&&RE, S RHIRIFE LR, fLEEYE
S h-BNIES Bt

—_

Kistler SS. Nature, 1931, 127: 741

Lei J, Liu Z. Carbon, 2018, 130: 741-748

O 0 N N W B~ WN

—_
[=)

Wang J, Zhang X. ACS Nano, 2015, 9: 11389-11397

—_ e e e
(O N S

Sun H, Xu Z, Gao C. Adv Mater, 2013, 25: 2554-2560
Li Z, Liu Z, Sun H, Gao C. Chem Rev, 2015, 115: 70467117

N = = —m —
S O 0 9 O

Si Y, Wang X, Dou L, Yu J, Ding B. Sci Adv, 2018, 4: eaas8925

o
—

Commun, 2015, 6: 8662

Zhou S, Zhou Y, Jiang W, Guo H, Wang Z, Li X. Appl Surf Sci, 2018, 439: 927-933
Cai B, Sayevich V, Gaponik N, Eychmiiller A. Adv Mater, 2018, 30: 1707518

Lamy-Mendes A, Silva RF, Durées L. J Mater Chem A, 2018, 6: 1340-1369

Wu ZY, Liang HW, Hu BC, Yu SH. Angew Chem Int Ed, 2018, 57: 15646—15662

Kharissova OV, Ibarra Torres CE, Gonzalez LT, Kharisov Bl. Ind Eng Chem Res, 2019, 58: 16258-16286
Lin Z, Zeng Z, Gui X, Tang Z, Zou M, Cao A. Adv Energy Mater, 2016, 6: 1600554

Zuo L, Zhang Y, Zhang L, Miao YE, Fan W, Liu T. Materials, 2015, 8: 6806—-6848

Betz M, Garcia-Gonzalez CA, Subrahmanyam RP, Smirnova I, Kulozik U. J Supercritical Fluids, 2012, 72: 111-119
Zhang Q, Hao M, Xu X, Xiong G, Li H, Fisher TS. ACS Appl Mater Interfaces, 2017, 9: 14232—-14241

Zhang Q, Lin D, Deng B, Xu X, Nian Q, Jin S, Leedy KD, Li H, Cheng GJ. Adv Mater, 2017, 29: 1605506

Xiao J, Tan Y, Song Y, Zheng Q. J Mater Chem A, 2018, 6: 9074-9080

Long H, Harley-Trochimczyk A, Pham T, Tang Z, Shi T, Zettl A, Carraro C, Worsley MA, Maboudian R. Adv Funct Mater, 2016, 26: 5158-5165
Luo W, Wang Y, Hitz E, Lin Y, Yang B, Hu L. 4dv Funct Mater, 2017, 27: 1701450
Wang J, Zhang Y, Zhang X. J Mater Chem A, 2016, 4: 11408-11415

Kim SM, Hsu A, Park MH, Chae SH, Yun SJ, Lee JS, Cho DH, Fang W, Lee C, Palacios T, Dresselhaus M, Kim KK, Lee YH, Kong J. Nat

22 Uchida Y, Nakandakari S, Kawahara K, Yamasaki S, Mitsuhara M, Ago H. ACS Nano, 2018, 12: 6236-6244

23 Marchesini S, McGilvery CM, Bailey J, Petit C. ACS Nano, 2017, 11: 10003—10011

24  Zhong B, Liu W, Yu Y, Xia L, Zhang J, Chai Z, Wen G. App! Surf Sci, 2017, 420: 858-867

25 Zhong B, Zhang X, Xia L, Yu Y, Wen G. Mater Des, 2017, 120: 266-272

26 Bai Y, Zhang J, Wang Y, Cao Z, An L, Zhang B, Yu Y, Zhang J, Wang C. ACS App! Nano Mater, 2019, 2: 3187-3195

27 Kang Y, Jiang Z, Ma T, Chu Z, Li G. ACS Appl Mater Interfaces, 2016, 8: 32468-32476

28 Wang B, Gong L, Wang S, Zhou Z, Ma G. Int J Appl Ceram Technol, 2018, 12: 157-162

29 Shankar R, Sachs M, Francas L, Lubert-Perquel D, Kerherve G, Regoutz A, Petit C. J Mater Chem A, 2019, 7: 23931-23940

897


https://doi.org/10.1038/127741a0
https://doi.org/10.1016/j.apsusc.2017.12.259
https://doi.org/10.1002/adma.201707518
https://doi.org/10.1016/j.carbon.2018.01.061
https://doi.org/10.1039/C7TA08959G
https://doi.org/10.1002/anie.201802663
https://doi.org/10.1021/acs.iecr.9b03031
https://doi.org/10.1002/aenm.201600554
https://doi.org/10.3390/ma8105343
https://doi.org/10.1021/acsnano.5b05281
https://doi.org/10.1016/j.supflu.2012.08.019
https://doi.org/10.1021/acsami.7b01697
https://doi.org/10.1002/adma.201605506
https://doi.org/10.1039/C7TA11348J
https://doi.org/10.1002/adma.201204576
https://doi.org/10.1021/acs.chemrev.5b00102
https://doi.org/10.1002/adfm.201601562
https://doi.org/10.1002/adfm.201701450
https://doi.org/10.1039/C6TA04306B
https://doi.org/10.1126/sciadv.aas8925
https://doi.org/10.1038/ncomms9662
https://doi.org/10.1038/ncomms9662
https://doi.org/10.1021/acsnano.8b03055
https://doi.org/10.1021/acsnano.7b04219
https://doi.org/10.1016/j.apsusc.2017.05.232
https://doi.org/10.1016/j.matdes.2017.02.035
https://doi.org/10.1021/acsanm.9b00502
https://doi.org/10.1021/acsami.6b11843
https://doi.org/10.1111/ijac.12138
https://doi.org/10.1039/C9TA02793A

A S8 N T3 A BRI 1 ) 46 B 3 FAGRIBE B e A F 7 i

42
43
44
45
46

47
48

49
50
51
52

53
54
55
56
57
58
59
60
61
62
63
64
65
66
67

68
69
70

898

Weng Q, Wang X, Zhi C, Bando Y, Golberg D. ACS Nano, 2013, 7: 1558-1565

Li J, Lin J, Xu X, Zhang X, Xue Y, Mi J, Mo Z, Fan Y, Hu L, Yang X, Zhang J, Meng F, Yuan S, Tang C. Nanotechnology, 2013, 24: 155603
Rafiee MA, Narayanan TN, Hashim DP, Sakhavand N, Shahsavari R, Vajtai R, Ajayan PM. Adv Funct Mater, 2013, 23: 5624-5630

Zheng M, Dong H, Xiao Y, Liu S, Hu H, Liang Y, Sun L, Liu Y. RSC A4dv, 2016, 6: 45402-45409

Marchesini S, Regoutz A, Payne D, Petit C. Microporous Mesoporous Mater, 2017, 243: 154-163

Liu D, He L, Lei W, Klika KD, Kong L, Chen Y. Adv Mater Interfaces, 2015, 2: 1500228

Jung SM, Jung HY, Dresselhaus MS, Jung YJ, Kong J. Sci Rep, 2012, 2: 849

Zeng X, Ye L, Yu S, Sun R, Xu J, Wong CP. Chem Mater, 2015, 27: 5849-5855

Lei W, Mochalin VN, Liu D, Qin S, Gogotsi Y, Chen Y. Nat Commun, 2015, 6: 8849

Li G, Zhu M, Gong W, Du R, Eychmiiller A, Li T, Lv W, Zhang X. Adv Funct Mater, 2019, 29: 1900188

Li H, Jing L, Tay RY, Tsang SH, Lin J, Zhu M, Leong FN, Teo EHT. Chem Eng J, 2017, 328: 825-833

Wang M, Zhang T, Mao D, Yao Y, Zeng X, Ren L, Cai Q, Mateti S, Li LH, Zeng X, Du G, Sun R, Chen Y, Xu JB, Wong CP. ACS Nano, 2019,
13: 7402-7409

Lin J, Yuan X, Li G, Huang Y, Wang W, He X, Yu C, Fang Y, Liu Z, Tang C. ACS Appl Mater Interfaces, 2017, 9: 44732-44739

Wang J, Liu D, Li Q, Chen C, Chen Z, Song P, Hao J, Li Y, Fakhrhoseini S, Naebe M, Wang X, Lei W. ACS Nano, 2019, 13: 7860-7870
Yin J, Li X, Zhou J, Guo W. Nano Lett, 2013, 13: 3232-3236

Xu'Y, Ren B, Wang S, Zhang L, Liu Z. J Colloid Interface Sci, 2018, 527: 25-32

Jia C, Bian H, Gao T, Jiang F, Kierzewski IM, Wang Y, Yao Y, Chen L, Shao Z, Zhu JY, Hu L. ACS Appl Mater Interfaces, 2017, 9: 28922—
28929

Maleki M, Shokouhimehr M, Karimian H, Beitollahi A. RSC Adv, 2016, 6: 5142651434

Xue Y, Dai P, Zhou M, Wang X, Pakdel A, Zhang C, Weng Q, Takei T, Fu X, Popov ZI, Sorokin PB, Tang C, Shimamura K, Bando Y, Golberg
D. ACS Nano, 2017, 11: 558-568

Zhou L, Zhai YM, Yang MB, Yang W. ACS Sustain Chem Eng, 2019, 7: 15617-15627

Song LT, Wu ZY, Zhou F, Liang HW, Yu ZY, Yu SH. Small, 2016, 12: 63986406

Chen J, Huang X, Zhu Y, Jiang P. Adv Funct Mater, 2017, 27: 1604754

Owuor PS, Park OK, Woellner CF, Jalilov AS, Susarla S, Joyner J, Ozden S, Duy LX, Villegas Salvatierra R, Vajtai R, Tour JM, Lou J, Galvao
DS, Tiwary CS, Ajayan PM. ACS Nano, 2017, 11: 8944-8952

Yang H, Li C, Yue X, Huo J, Ye F, Liu J, Shi F, Ma J. Mater Des, 2020, 185: 108217

Weng Q, Wang X, Wang X, Bando Y, Golberg D. Chem Soc Rev, 2016, 45: 3989-4012

Yao Y, Zhu X, Zeng X, Sun R, Xu JB, Wong CP. ACS Appl Mater Interfaces, 2018, 10: 9669-9678

Shen D, Zhan Z, Liu Z, Cao Y, Zhou L, Liu Y, Dai W, Nishimura K, Li C, Lin CT, Jiang N, Yu J. Sci Rep, 2017, 7: 2606

Barako MT, Isaacson SG, Lian F, Pop E, Dauskardt RH, Goodson KE, Tice J. ACS Appl Mater Interfaces, 2017, 9: 42067-42074
Bhanushali S, Ghosh PC, Simon GP, Cheng W. Adv Mater Interfaces, 2017, 4: 1700387

Bauer ML, Saltonstall CB, Leseman ZC, Beechem TE, Hopkins PE, Norris PM. J Heat Transfer, 2016, 138: 061302

Li QY, Katakami K, Tkuta T, Kohno M, Zhang X, Takahashi K. Carbon, 2019, 141: 92-98

Hou H, Dai W, Yan Q, Lv L, Alam FE, Yang M, Yao Y, Zeng X, Xu JB, Yu J, Jiang N, Lin CT. J Mater Chem A, 2018, 6: 12091-12097
Chen Y, Hou X, Kang R, Liang Y, Guo L, Dai W, Nishimura K, Lin CT, Jiang N, Yu J. J Mater Chem C, 2018, 6: 12739-12745

Dong M, Wang C, Liu H, Liu C, Shen C, Zhang J, Jia C, Ding T, Guo Z. Macromol Mater Eng, 2019, 304: 1900010

Kinloch IA, Suhr J, Lou J, Young RJ, Ajayan PM. Science, 2018, 362: 547-553

Qiu L, Zou H, Wang X, Feng Y, Zhang X, Zhao J, Zhang X, Li Q. Carbon, 2019, 141: 497-505

Jiménez-Saelices C, Seantier B, Cathala B, Grohens Y. J Sol-Gel Sci Technol, 2017, 84: 475-485

Song J, Chen C, Yang Z, Kuang Y, Li T, Li Y, Huang H, Kierzewski I, Liu B, He S, Gao T, Yuruker SU, Gong A, Yang B, Hu L. ACS Nano,
2017, 12: 140-147

Wang X, Yu Z, Bian H, Wu W, Xiao H, Dai H. Polymers, 2019, 11: 660

Wang X, Yu Z, Jiao L, Bian H, Yang W, Wu W, Xiao H, Dai H. Nanomaterials, 2019, 9: 1051

Huang J, Zhang B, He M, Huang X, Wu G, Yin G, Cui Y. J Mater Sci, 2020, 55: 7337-7350


https://doi.org/10.1021/nn305320v
https://doi.org/10.1088/0957-4484/24/15/155603
https://doi.org/10.1002/adfm.201203866
https://doi.org/10.1039/C6RA07455C
https://doi.org/10.1016/j.micromeso.2017.02.010
https://doi.org/10.1002/admi.201500228
https://doi.org/10.1038/srep00849
https://doi.org/10.1021/acs.chemmater.5b00505
https://doi.org/10.1038/ncomms9849
https://doi.org/10.1002/adfm.201900188
https://doi.org/10.1016/j.cej.2017.07.115
https://doi.org/10.1021/acsnano.9b03225
https://doi.org/10.1021/acsami.7b16198
https://doi.org/10.1021/acsnano.9b02182
https://doi.org/10.1021/nl401308v
https://doi.org/10.1016/j.jcis.2018.04.108
https://doi.org/10.1021/acsami.7b08760
https://doi.org/10.1039/C6RA07751J
https://doi.org/10.1021/acsnano.6b06601
https://doi.org/10.1021/acssuschemeng.9b03640
https://doi.org/10.1002/smll.201602334
https://doi.org/10.1002/adfm.201604754
https://doi.org/10.1021/acsnano.7b03291
https://doi.org/10.1016/j.matdes.2019.108217
https://doi.org/10.1039/C5CS00869G
https://doi.org/10.1021/acsami.8b00328
https://doi.org/10.1038/s41598-017-02929-0
https://doi.org/10.1021/acsami.7b12313
https://doi.org/10.1002/admi.201700387
https://doi.org/10.1115/1.4032610
https://doi.org/10.1016/j.carbon.2018.09.034
https://doi.org/10.1039/C8TA03937B
https://doi.org/10.1039/C8TC04859B
https://doi.org/10.1002/mame.201900010
https://doi.org/10.1126/science.aat7439
https://doi.org/10.1016/j.carbon.2018.09.073
https://doi.org/10.1007/s10971-017-4451-7
https://doi.org/10.1021/acsnano.7b04246
https://doi.org/10.3390/polym11040660
https://doi.org/10.3390/nano9071051
https://doi.org/10.1007/s10853-020-04514-9

REFRE: B 2020 0 50 % K 8 M

71 Su L, Wang H, Niu M, Fan X, Ma M, Shi Z, Guo SW. ACS Nano, 2018, 12: 3103-3111

72 Gui X, Wei J, Wang K, Cao A, Zhu H, Jia Y, Shu Q, Wu D. Adv Mater, 2010, 22: 617-621

73 Kutty RG, Sreejith S, Kong X, He H, Wang H, Lin J, Suenaga K, Lim CT, Zhao Y, Ji W, Liu Z. Nano Res, 2018, 11: 6325-6335

74 Jiang H, Ma L, Yang Q, Tang Z, Song X, Zeng H, Zhi C. Solid State Commun, 2019, 294: 1-5

75 Lei W, Portehault D, Liu D, Qin S, Chen Y. Nat Commun, 2013, 4: 1777

76 Xue Y, Dai P, Jiang X, Wang X, Zhang C, Tang D, Weng Q, Wang X, Pakdel A, Tang C, Bando Y, Golberg D. J Mater Chem A4, 2015, 4: 1469—
1478

77 Zhang R, Wan W, Qiu L, Wang Y, Zhou Y. Appl Surf Sci, 2017, 419: 342-347

Research progress in preparation of hexagonal boron nitride aerogels
and their applications in thermal conductivity and adsorption

Zhao Zhao'?, Mengnan Quz, Changning Bai', Lulu An', Yuanlie Yu'

] Key Laboratory of Science and Technology on Wear and Protection of Materials, Lanzhou Institute of Chemical Physics, Chinese Academy of
Sciences, Lanzhou 730000, China
2 College of Chemistry and Chemical Engineering, Xi’an University of Science and Technology, Xi’an 710054, China
*Corresponding author (email: yuanliehll@licp.cas.cn)
Abstract: Hexagonal boron nitride (4-BN) has the similar structure as graphitic material. It has excellent mechanical
strength, wide band gap, high chemical oxidation resistance, good electrical insulation and outstanding thermal
conductivity, and has attracted increasing attention of many researchers. However, nanoscale #-BN is difficult to
disperse and easy to agglomerate in solution that greatly restricts its practical applications. #-BN based aerogels has low
density, good mechanical strength and outstanding thermal conductivity that can be used as ultralight thermal conductive
materials or act as thermal conductive fillers in polymer. In addition, #-BN based aerogels possess adjustable porous
structure, high specific surface area and compressibility, which can be used as an ideal adsorption material to absorb the
toxic gas in air or heavy metal ions and organic pollutions in water. Based on the research progress at home and abroad,
this article summarizes the preparation methods of #-BN based aerogels, such as freeze-drying method, chemical vapor
deposition (CVD) process, template method, and composite crosslinking method, efc. Finally, the applications of the 4-
BN based aerogels in heat transfer and adsorption are disccussed in detail.

Keywords: hexagonal boron nitride, acrogel, thermal conductivity, adsorption property
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