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ABSTRACT
Flame resistant papers are widely applied to honeycomb board, poster board, decorative paper, furniture, lampshades, electronic
appliances, sunscreen for automobiles, air filters, wallpaper, ceilings, powder keg etc. There is a dearth of suitable and available
flame retardant agents, however. Furthermore, suitable flame retardants for flame resistant papers are often regarded by
manufacturers as proprietary knowledge, which causes the existence of very few publicly accessible commercial and academic
research information on the subject. There were even fewer reports on additives for making such and their effects on base paper.
Therefore, this study aims to establish a research protocol for making halogen-free flame resistant papers and to provide such
formulations to both academic and producers as a reference. In the study, a few minerals, including AI[OH)3, CaCO3, kaolin clay,
sericite, nano sericite, nano silica, Mg(OH)2, and organic phosphorus-nitrogen compound were applied to base sheets through
surface coating and internal addition methods and their flame resistant performances were assayed experimentally. Another part of
the study entailed adding Al(OH)3, CaCO3, kaolin clay, sericite, and Mg(OH)2 internally to the base sheets, then using the organic
phosphorus- nitrogen compound as surface coating in order to find the optimal proportions of internal addition and coating
amounts. Accelerated ageing and water vapor absorption tests of the optimally formulated flame resistant sheets were then
conducted to evaluate the changes in the mechanical properties of the sheets. Finally, evaluation on the economic efficiency of the
optimal flame resistant paper formulation was made. Surface coating treatment results indicate that AI(OH)3. CaCO3, kaolin clay,
sericite, or nano silica alone was unable to attain flame resistant efficacy at the upper coating cap of 80 g m-2; only Mg(OH)2 and
organic phosphorus-nitrogen compound had such performance as single coating ingredients. Nano-sericite, when mixed with
Mg(OH)2, however, produced a synergistic effect to boost flame resistance of the magnesium hydroxide coated paper by about
12.5%. Internal addition treatment of base paper results indicate that all chemicals studies failed to attain flame resistant efficacy at
the dosages used in the experiments. The probable reason is that the chemicals generally served as filling agents among fibers which
by not covering the fibers fully is unable to enhance their flame resistance. The internal addition plus surface coating treatment
results indicate that when CaCO3, kaolin clay, sericite or Mg(OH)2 was added internally at a 10% w/w fraction, and when Al(OH)3
was added at a 30% w/w fraction, in conjunction with a 20 g m-2 coating of organic phosphorus-nitrogen compound, effective flame
resistance of the paper were achieved. Based on the study, these were deemed the optimal formulations for making flame resistant
papers.

Keywords : flame retardant agents, dual flame resistant treatment, surface coating flame resistant treatment, internal addition flame
resistant treatment, flame resistant papers.

Table of Contents
D000 000 OO0 e HOOO0 e, VODODODO e Vi
SR VIO O e, IXO OO e xiv OO
....................................... xvil OOO OO0 v 121000 0 e, 1120 00 0
.................................. 2130000 v, 3000 0000 v 5212000000
.............................. 5220000000 ... 623000000 i, 72312000000
........................... 7232000000 vvvivvcveveeeen. 72330 0000000 ... 9234000000
.......................... 1124000000 viviviveeen 16 2410 0000000 e 1624200000000
...................... 202430000000000 ... 200000000 v 22310 0000000 O
ogoooooao .. 223200000000000000 e 26330 000000000000 O0DO0O00O0OO
T 2834000000000 0O00000O00O0O ... 0350000000000000000 ... 34
60000 DO0O0OOOoOoDOOOoOag ... 40370000000000000 .. L2000 000000d
.......................... 44410000 v, 44420000000 ... 4542100 000000003
.................. 494220 000000000 ..............534230000000000000O0000 ....5542400000
ooooooooooo ... 58000 0000000 wievieiieeieenn, 6251 00000000000 .iivennne. 62



o000 . 675140000000000 i 6751500000000000000 0000000

........................ 6851600 000000000000 ...70520 00 000000O0DO0ODODOODO ...715210
O000D000D0O000D0 0000000 e 71522000000000000000O0OO0DOOO
.......................... 725300000000000 .. 7454000 0000000000O0O0ODO ... 7954100
oooobooboboooog ... 7954110000Clay000000 OO0O00 wiiiiiiveieienennn, 8054.1.20
OSericte 0000000 D000 wiiiviiiivieiieriiees 82541300CaCO30 00 00DOODODODDO .8454.1.40
OMgOHRODOOOOOOOOO OO e 8654150 0AOH3O0OOOOO ODOOOO
......................... 8gs4200000dDOOOOODO .........9542100 0000000000 .........915422000
gooooooog .. 925423000000000000 ... 935424000000000000 ... 94
5430000000000000 .. 955431 0000000000000 .. 9554320000000000
gog ... 9654330000000000000 ... 9754340000000000000 ... 985440000
gooonoooog .. 10000000000 1036.1 00 v 1036.20 0
.................................... 106 DO OO i 107 O O i, 112

REFERENCES

0000 1000020040 00000/0000000000000D0C0CDOO00OOOO0OODOO0OOO 20000000
020040 00 0000000000000 0 00000000000 000000000000O0DN NSC92-2313-B-415-020 3. O
00000002020 00000000000000000 17(2:231-2394.0000000000001940 0000000000
00 0000000000000000009(1)51-605.00001996000000000000000000000O0O0ODOO
011(1):95-1016. 000019980 0 0 0000000000000 O0OOO0O 000O13(3):243-2497. 000020030 0000000
0000000000000 000000000000 000000 8. 00002004000 00000000000000DO0OO
00000000000000000000p.112-14507028-300 000 9.0000198200000000000000O
04(22):36-3810.0000000000002060000000000000000D0D0OD0OODOODODODOODOOOOOOO
0p.365-37200 0 11. 00000001910 000000 0)1 00000000 0 1220000000191 0000000 0O)00
0000000 0 13.00002004000000000000000000000 00000000000 1400002005000
O00000000000000000D0 0000000000000 0 15.00002000000000000000000000
000 0000000000D00ONSCB89-2313-B-0002-12716. 00 0000000020040 0000(0O OO OOOOOOOOO
00 17.000020040000000000000000 18.00002004000000000000000000D00O00O0O0O0OO
0000000000000 1900001980 000-0000000000000000D0DODO 20.0000199700000000
000000000o0o00ooO0 000000 0U0oDoO0d0oooD0 22.0000000000000020030 000000000
000000000000 0017@4):219-23022. 0000200500000 000000000000000O00OO0OODODOOO
Opl14-14708023-250 000 23. 00 0000000000000 000000000 0D000DOO0oOoOoooDOog
014(4):385-39524.0 00020010 0 0 /000 00000000000 O0OD 000000000 0ODDOO0O0O0OO 265.000
020010 00 00000000000000000O0 0000000000000 00000D000 26.0000000000000
O : http://www.epoxy-c.com/flame/2004014.htm 27. 00 0000000
http://www.flameretardant.cn/Html/FR-TechnicalData/205345948 2.html28. 0 00O 0O DO O O: http://www.bm.cei.gov.cn/index.asp
20.0000000: http://www.infofireworks.com/News/NewsDetails.asp?id=6727 0 0 O O 1. Arledta HF. 1954. Use of inorganic synthetic
fiber paper. Tappi Journal 37(7):152A-157A. 2. Battista OA. 1964. Synthetic fiber in paper making, p.97-117. Inter Science Publishers, N.Y. 3.
Brickmann WJ. 1973. Chemical modicfication of cellulose for new end uses by tricarbonate redografting. Tappi Journal 56(3):97-100. 4. Chiou
CH. 1982. Studies on the manufacturing of flame-resistant paper. National Science Council Monthly 10(3):223-78. 5. Eickner HW. 1966.
Fire-retardant-treated wood. Journal of Materials 1(3):625-644. 6. Grexa O, Horvathova E, Be?inova O, Lehocky P. 1999. Flame retardant treated
plywood. Polymer Degradation and Stability 64:529-533. 7. Giudice CA, Benitez JC. 2001.Zinc borates as flame-retardant pigments in
chlorine-containing coatings. Progress in Organic Coatings 42:82-88. 8. Grexa O, Lubke H. 2001. Flammability parameters of wood tested on a
cone calorimeter. Polymer Degradation and Stability 74:427-432. 9. Grexa O, Poutch F, Manikova D, Martvonova H. 2003. Intumescence in fire
retardancy of lignocellulosic panels. Polymer Degradation and Stability 82:373-377. 10. Hashim R, How LS, Kumar RN, Sulaiman O. 2005. Some
of the properties of flame retardant medium density fiberboard made from rubberwood and recycled containers containing aluminum trihydroxide.
Bioresource Technology 96:1826-1831. 11. Lyons JW. 1970. The chemistry and uses of fire retardants. p.166. Wiley-Interscience, N.Y. 12. Sutker
BJ, Mazzarella ED. 1966. Manufacturing and marketing aspects of flame-resistant paper. Tappi Journal 49(12):138A-144A. 13. Smook GA. 1992.
Handbook for pulp and paper technologists, 2nd edition. TAPPI & CPPA. 14. Youngs RW. 1997. Flame retardant paper and paperboad:
manufacture & use. FRC Technologies.



