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Structure of Natural Macromolecule from the Viewpoint of
Flammability
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Abstract: Almost 70% of materials in living bodies are made from various
macromolecules because the DNA, the muscle and other organisms should be have
numerous functions. In nature, the living bodies can be classified into plants, animals and
other lower species. Plants consist chiefly of cellulose, and animals consist chiefly of
paraffin (fat) and polyamide (muscle). This study focuses on the macromolecule
structures of natural organic materials from the viewpoint of flammability. In the first
place, the structure of macromolecules and the flammability was classified by Oxygen
Index which was proposed by Fenimore et al. Secondary, the dependency on the
flammability of man-made macromolecules by the molecular weight and the effect of the
surface structure, especially the carbon layer which was synthesized during combustion,
have been researched. The reason why the bodies of animals are consisted with
flammable materials more easily compared to those of plants is the oxygen concentration
in the air and the mobility of animals and plants.
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Table 1 Polymer and additives.

C.Hapiz Mn Mw Density Viscosity mp
Ghemical Abbreviated Manuf: .
emicals symbol anufacturer g/mL poise(1 5000, C acid
n g+mol”’ g*mol™ 2500’ Brookfieeld number
Thermosel)(L) | <0.05mg
121 1700 4000 Aldrich 0.92 15 92
393 5500 15000 Aldrich 0.93 37.2 112
Pol Polyethylene PE 550 7700 35000 Aldrich 0.906 78 90
olymer
v 786 11000 76000 Tosoh Co. 0.964 - -
2~4x10°| — 3~6x10° Aldrich — - -
Polycarbonate PC - - 23000 Sumitomo Dow Ltd. - - -
Potassium .
nonafluoro—1- PnFBS - - - Tokyo Chemical - - -
Industry Co.,Ltd.
- butanesulfonate
Additive ™ phenyl PP _ _ _ Daihachi Chemical _ _ _
phosphate Industry Co. Ltd
Zinc oxide ZnO — — — Toho Zinc Co.,Ltd. — — —
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Table 2 Oxygen Indexes measured by Fenimore and Martin.

Material OIL(%)
Polyoxymethylene 15
Candle 16
Polymethylm rthacrylate 17
Polypropylene 17
Polystyrene 18
Chlorinated Polyether 23
Polycarbonate 27
Polyphenylene Oxide 29
Polyvineyl Chloride (No Plasticizer) | 45
Polyvineylidene Chloride 60
Carbon 65
Polytetrafluoroethylene 95
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Table 3 Oxygen Index of Woods.

Materials OI (%)

Red oak 22.7
White pine 20.9
Suger maple 21.2
Pine,France 22.4

Poplar, France 22.5
Oak, France 24.6
Plywood 19.7
Plywood,France 25.4
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Figure 1 UL vertical test of Polyethylene (Left: Mw=35000, Right: Mw=76000).

Flgure 1LENDTEDORRDIZFR) ZF L UOBREERE LEZFETHY . /&2 76000 DFR Y =F L
VIEE KB, WMLSRET D00 xa“b’( SFEMN 35000 DRV F LT EomL Bk LMo T,
ZOEHITHEERFR—DOESTTH, BILL S TEHEARTIHEEEAEALRVEERHDZ L, 20
BWENFR) =F Ll E 59, T)X?‘I/‘/ RV B—AFRX—F, TARFVEERETCLALOND Z
LR bhole, EERI I —AR— "R ETEHEHVEINDIESTEIVET. HTEDEOEBIZ G
BREENIHI S D Z L3 »- 7z,

5. MHREDORIK & REEHE

Fenimore IZ X » TRFEDORBEMEME N Z L0320 | Z D% OFSE T van Krevelen & 23 & 4y T DO HE1E

RFEACEY DAL DN TORERNLBEREEI LT, TN D LR TOHE LRIV DR D
_iﬁﬂﬁﬁfoﬁﬁéﬂ-ﬁ?ﬁ)&)D MIEREIC L > TRILMAERELZFHAFE LI 2FETIZR>sTWD, LrL, #F
%‘Eﬁ)lﬁn L BRBEO BRI S o FNEBIC AT D RAL B SRR D35 &I 145?5356 - T, %
bW DR E N L W T RRBEER IR S 228, RICDBBIRICEET 2561, RIEMOREL XM
FR7R BRBEDN B S LD 2 & AVH o 72 1B BRE IS %éﬁﬂ‘éiﬁﬂ:%irﬁimbtn’\ WITEM L &
EZoND, RO TOBRMBITIRS TILAEYOMAERMRE IR 2V br ¥ —XEICR 2 DT, FHilZz
SARBY 7R BB B & DA DAAMTITREER 720 RAE T E ORE B RN B L7om oy T L Bl 50T,

—104—



WHFE, PRITAE, 1TAER, LRk

DTREIOMAEBRMEE V) R THEMLICS WHRTh D, o T, RILMAKRBETHHT S EE X
S5, Figure 2 1278 L2 X 9 IS MHOWRBE TR0 & IR DA E 2 SN 5,

XXX XXX XXX X

Figure 2 Two types of phase separation; (left) small particle of carbon in melt polymer, (right) carbon layer on

the surface of polymer.
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PC neat PC/TPP 10wt% PC/ZnO 10wt%

Figure 3 Surface of Polycarbonate (PC), PC/TPP complex and PC/ZnO. (x2000)
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Figure 4 Combustion of PC and PC/additives composites (Left; ignition time, Right; flaming combustion time).
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