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Research and Application of Hollow Phenolic Microspheres
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Abstract Phenolic hollow microspheres have a set of out standing characteristics such as low density, low ther2

mal conductivity, good heat resistance, thermal abrasion, and high yield of carbon conversion. The recent development
of fabrication methods of phenolic hollow microspheres is reviewed, including spray drying, foaming method, suspen2

ding polymerization and i2situ polymerization, and the performance and application research are reported in summary.
The research tendency of these compounds is prospected.

Key words phenolic resin, hollow microspheres, preparation methods, application

[1.2]

1.1
) ) 60%

[10, 11]

>

Franklin. V

> >

2
[8,9]
B

s >

* EREARBFEELA(90716024) ; T4k Tk K F 5% £ 4 H H 4 (08012)
XNER: B, 1983 4, M+ FHE: BIAMEH, %, AEBBARNHERERAR



SeHENAREARM www.frpapp.com

2~ 40Lm, 0.09~ 0.2
s 25~ 250Lm
[10- 14]
Reusova L. A.
5 1 5
20min 100 , Ih,
80e ,
s 80e >
380~
420¢ , , 0.21g/cm’
12
1.2
Bruneton. E ¥
1~ 5Lm 5

1
Fig. 1
12,13
, 50

© 1994-2010 China Academic Journal Electronic Publishing House. All rights reserved.

[2]

The SEM image of microspheres®

>

160 ¢

1.3

W/ 0,

0. 36~ 0. 54mm,
40Lm, s
/
n( ) Bn( )=16 )
[ 16]
, Huang ("%
s 0./
/ Huang "%
) Ol
w ,
OZ s
s 0]
0, 0,/ W/0,
/ ( 2) O,
0]

s | (M

2 SEM i
Fig.2 SEM micrographs of poroushollow
phenolic resin particles'”

1.4
))) S
(
), /20
/ 0 ;
, HCl pH 1;
60e, 3h; 9e , 3h,
s 5 170 e N
) ( 3049

http://www.cnki.net



S5 EMAREAM www.frpapp.com

Stirring Resole
—

Stable emulsion

H,0 and PAA

Polymerization

—
=¥ | Filtrationdrying
~

Dispersed resole

Microspheres
B3 RAMBREZFNEPEHEMRNIZRERA
Fig. 3 Schematic drawing the in situ polymerization of

hollow phenolic microspheres**]

()RR AP R
4 FEREEGOKER AT
Fig. 4 SEM micrographs of microspheres'*)

(b)fER K 1

40~ 600Lm
pH , , pH
1 5 s
, pH ,
60¢ R R s
pH [19,20]
2
( Synthetic foam) ,
’ [ 15,2, 3- 26)
2

(20 (800¢) 62% ,
s 200 e ,
Erwin M. Wouterson %
40% 22.3MPa
[9.21]
Nz Ar 5
[22 26] 120 ’
0.5g/cm’ 1.OW/(m#K) 8. 82MPa
s 2300¢e
( ) 500e 1000 ¢,
9

E. Bruneton

>

( ) ( 5,
0.3g/ cm® 2300 e
> 5. 9MPa,
1000¢ 1. 5W/ (m #K),

[9

Fig. 5 SEM image of the carbonized foam from
phenolic microsphere™

[1-6]



ES5¥HEMBAFEAMN www. frpapp.com

[9 2]

[135]

pH

David S. Method for synthesizing therm®@expandable poly2
meric microspheres: US, 6617364[P]. 20020209

, , , . [J17.

,20006, 22(4):36

Wouterson EM, Boey F Y C, Hu X, et al. Effect of fiber
reinforcement on the tensile, fracture and thermal properties
of syntactic foam [J]. Polymer, 2007, 48( 11): 3183
Wong S C, Sui G X, Yue CY. Characterization of micrad2
structures and toughening behavior of fiber2containing
toughened nylon 6, 6 [J]. J Mater Sci,2002,37( 13): 2659
Nair SV, Wong S C, Goettler L A. Fracture resistance of
polyblends and polyblend matrix composites: Part I. Unreir2
forced and fibr&reinforced nylon 6,6/ ABS polyblends [J]. J
Mater Sci, 1997, 32(20):5335
Wouterson E M, Boey F Y C, et al. Specific properties and
fracture toughness of syntactic foam: Effect of foam micrad2
structures [J]. Compos Sci Techn,2005,65(11212):1840
http:// www. cqtech. com/ why. html
Gallego C N, Klett W J. Carbon foams for thermal manage
ment [J]. Carbon, 2003,41(7): 1461
Bruneton E, Tallaron C, Gra2Naulin N, et al. Evolution of
the structure and mechanical behaviour of a carbon foam at

very high temperatures [ J]. Carbon, 2002,40(11):1919

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Desai K G H, Park H J. Encapsulation of vitamin C in tri
polyphosphate cros2linked chitosan microspheres by spray
drying [ J]. J Microencapsulation, 2005,22(2): 179
Zhou X W, Zhu Y F, Gong Q M, et al. Preparation and
properties of the powder SBR composites filled with CNTs
by spray drying process [ J]. Mater Lett, 2006, 60(30) : 3769
Franklin V. Process of producing hollow particles and resul2
ting product: US, 2797201[ P]. 195211202
Reusova L A. Method of manufacturing hollow micra2
spheres: Russian, 2138521[P]. 19920227
Reusova L A. Method for production of hollow microspheres
in spray drying plant: Russian, 2178336[ P]. 200201220
[D].

,2006:6

[1. ,2002,20(2):102
Zhou H, Huang G S, Gao P, et al. Preparation of porous/
hollow particles of phenolic resin [ J]. Polym Adv Techn,
2007, 18(7): 582
Zhou H, Li B, Huang G S. Sound absorption behavior of
multiporous hollow polymer micrd2spheres [J]. Mater Lett,
2006, 60(29): 3451
LiK Z, Shi ZH, LiH J, et al. Application of microcapsw2
lation technology to the preparation of carbon foam [J]. Sci
Techn Adv Mater, 2008(9) : 1

| [J].’ ’ ,2005,36( 12): 1944
[J],. , ,720(;8,23( 6):114
| | [I1. ,2009(7): 695
[J].’ /’ , 2000, 21(4): 21
Gladysz G M, Perry B, Mceachen G, et al. Thre@phase

syntactic foams: Structur@property relationships [J]. J Ma2
ter Sci, 2006,41(13): 4085

Shabde V' S, Hoo K A, Gladysz G M. Experimental deter2
mination of the thermal conductivity of thre€phase syntactic
foams [ J]. J Mater Sci, 2006, 41(13): 4061

Grujicic M, Zhao C L, Biggers S B, et al. Experimental ir2
vestigation and modeling of effective thermal conductivity
and its temperature dependence in a carbo2based foam [ J].
J Mater Sci, 2006,41( 8) :2309

(Tt £ %)



