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Shigehisa IsainarRA** and Takamaro Maku** : Studies on Fire Proof Treat-
ment for Composite Wood 1. "

On the Fire-Proof Treatment of Wood and Paper by means of the Primary
Condensation Products of Melamine-Formaldehyde Combined with Phos-
phoric Acid
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Fig. 1. Specimen holder and dimension of specimen for burning test modified the
diameter of Bunsen burner in accordance with the procedure ASTM D 777-46.
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Table 1. Composition of methylol melamine. 225 RABERRR
" j‘L ' =} 7__?\ -~
Methylol melamine N (% CH,O (%) TR DR EERE 2B T 5 7
U ASTM D 777-46,‘‘Standard Method
MI1F 62.77 6.59 "
M2F 40,88 35. 44 of the Flammability Treated Paper
M4F 34.65 42.81 and Paperboard” (LIF ASTM ¢&
Mor 27.95 22.600  mgEi T p) I HE L THBERB A
M3F(TMM) - 41.53 33.83 o
Table 2. Theoretical compostion of melamine and its EFREARFETR, Ao,
methylol derivatives.® (1P EE 36 KEpE DK & =X
N (O spE s, RRAOME, REREO
Melamine 666 EEFELERL, A—F - OEE
Monomethylol melamine 53.8 19.2 . _ .
0.9 s \ 3, N
Dimethylol melamine 45,2 32.3 & cm V?ﬁmbfb o7 R
Trimethylol melamine 38.9 41,7 BR Tl fl O RER® & DBk REE
Tetramethylol melamine 34.1 48.8 # llcm & U, BEMYEED S
Pentamethylol melamine 30.4 54.4 »ic Fig. 1 & kot Photo. 1 iR
Hexamethylol melamine 27.4 58.8 FI5ARBAEEEBAEE L C
‘ o
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Fig. 2. Temperature distribution of Fig. 3. Char length of burn tested
Luminous Bunsen Burner as employed specimen.

in vertical flame test.
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Fig. 4. Relation between time of dipping and amounts of M4F adsorbed by filter paper.
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MELEIFEThed RL TV, chick % &f— mol ko MMP TR ZOER® mol
BENREGLRDICENTRK, b/ FRATA AN =Y EERERBRREF LI RS, "L AT AT E
FOE|GRET IR, Tihhbb A Fr = bnilES, STE/HEAT S, LEKOR
EdEL b, FOWERE MIF, M2F, M6F & b icFUHA % & 5, < Hik[E— mol
BECTH-CH MOF i MIF ofj2fFoaFExdb, UEKRORE BEEED) d&Ev
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MMP QRE#*ZE 2 (REERAXFT R ofERE Fig. 6 WRT, chicksixFe—
{EOHENRBERCE LT THENHEETE S, TRbLBFRTRE2AF v -1l bic
ECBEBRETL, A7y FbkE DT, ExFr—1{t MMP ssBELHWC &%
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Fig. 5. Relation betwen molar concentration of MMP and amotints of MMP adsorbed by

filter paper and Hinoki sliced veneer.
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Fig. 6. Relation between concentration of MMP solution and amounts of MMP adsorbed

by filter paper and Hinoki sliced veneer.

—HT %, Thbb/PMEbick s M2F>M3F>MAF QIETHREMETL, EAF 2 —L
e R BEERCRE IR B2 M2F ORENBEEINZ 2 conTik, HEL, BELRE
BLOBRB LTV 12 7 —ORESFERORFOERE LB M2F 1wk CRIRMIc =4
THEWNR tr e —AQKBEL 7 3 7 ES2 W A 3 7LD KE/BBCI O BREIR,



KOM OB % F42% (1967)

20~30A DU AFR-ALAFTIVD LA~ Lir—2D3 L ERICBELTWL LD
CHEEL T WS, REBROFETCREMINT W2 Y VOB EST bbb MF & MMP
BELEOHBELELZON 2O T TRTELARAZBEZRT X B UERWA MMP 2R
R AT AR MF iAo chicBtliLcboeEL b5,
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HRTe COXIBREAF r =LY OBEDE A F v~ EADOETRIC L TEWv 2 &k
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Fig. 7. Relation between molar concentration of MMP solution and amounts of MMP
adsorbed by filter paper and Hinoki sliced venner.



AR - WA KEMEON K AT 5K 1

1/1 OBEBFR, ¢/ FAFTAARNR =Y LHBRERNFROEWA, M/P 23 1/1 Hsto
HMEECOWTRE, FROSE M/P HavhXvw b0 YREE/ ETEALED b S,

MOBEEE X ED 5 HEL LTFEE, BB GER, MM, V)V vBREZoEBLIAWbR2
CrdBD) LAFR—-AATFTIVDOATIVEET R FAEY RH D, Y VEER WS
ATRINIVAF R~ 2T 3 Y OIS IKBKT PV AF v~ 25 3 v Imol KLY vEE
% 2~3mol OHER L LELbDNROGREFR A5 I VEBiarnf VEERTHELINTWE (B
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Fig. 8. Effect of molar concentration of phosphoric acid on amount of trimethylol-
melamine adsorbed by filter paper.
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Fig. 9. Reletion between molar concentration of HyPO, in M3F solution and amounts of
MMP adsorbed by red Lauan veneer.
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Fig. 10. Relations between char length and time for ignition by pilot flame.
* Burned to the end of specimen and completely comsumed by afterglow.
** total add-on (%) by weight for ovendry specimen.
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Fig. 11. Variation of fire-proofing efficiency with add-on for diammonium hydrogen
phosphate.
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Fig. 13. Relations between time of dipping and amounts of M4F (M/P=1) adsorbed by
Hinoki sliced veneer and fire-proofing officiency.
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Fig. 15. Relative fire-proofing efficiencies of MMP (M1F~M6F, M/P=1)
based on char length.
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Fig. 18. Relative fire-proofing efficiencies of water-soluble ammonium and guanidine
phosphates based on char length.
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Fig. 19. -Effect:-of MMP (M4F) on their fire-proofing efficiency with .various M/P:ratios.
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Fig. 20. Effect of MMP (M4F) on their fire-proofing efficiency with various M/P ratios.
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Table 3. Result of Dynamic Thermogravimetric Analysis of Fire-proof Filter Papers®.

Molar Concentration ) . o . ol . .
of the treating aq. | Temp. of | LT | T RS TR Kalysis
M4F H,po, | Active Pyr. °C Fgf%‘f |74t 250°C. | at 400°C. | at 500°C.
(%) (%) (%)
0.05 0,10 190 260 (57.2) | 725 41,3 36.9
010 | & 195 260 (58.8) 70.7 46.4 413
0.50 ” 200 280 (60.3) 94,1 46.5 41,6
1.00 p 210 | 300 (60.6) | 951 | 47.1 40.3
2.00 p 210~ | 300 (60.5) | 97.8 48.3 38.8
0.10 0.34 150 220 (60.7) 58.2 455 39.9
p 1.00 130 | 210 (59.5) 54.3 | 43,2 39.5
” 3,00 120 200-(61.2) | -54.0 43.8 40.1
(NH,),HPO, D :
14,2 150 200 (63.7) 59,3 51,9 49.5
0.76 . 150 210 (61.8) 57.4 48.7 45,2
0.38 150 230 (63.7) | 57.1 46.0 39.9
(NH,CNHNH,);-HsPO, _ _
0.73 160 250 (60.0) 60.0 | 48.0 44,0
0.36 160 240 (59.8) 56.7 | 46.7 43.2
0.18 160 240 (57.4) 55.4 411 39.5
Untreated } 220 310 (25.6) 98.8 151 | 4.35

* Residual weight

B O BSREENBILT 2. chid e v — 2R, KB 2L T 2o AmTo LT
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T5, BRC LRI 7 vE=YRRRETEOTDH, i e—2, KEWH
OOFRRE X 02 O EIRTH %5 b X OMMRBYRIC X 2B KEAICZEERMA KR 2, chicX
L, 77 =V RERILEYW, t V)72V REBRILAVIKREN L D2l v — 2 R4H
OEEAR CWR R L, MMP o M/P lha@bichi+ 2 c Lic kb, KEMH
OHASRERL S L, ThUTTHR7 v e=v#dxfThbe, )V vBE2ERELDT
TN KMREEZRBI T LR TEE, B, co PV 7Y VRERILAYHIBT v £ =
FHEA LT WA R LB T 20 TCT Ve Y 2GR LIHETE L, b ST =
v RERILEY, 2V TV VRERILEYOULEBMZ T ve=0 a8, 73 Vi RERED
FRI DTS RAEME, BEZEFL, K, THE, WE, MR CHEMER & T <hei
BB R, , S

iii MMP oARRMEEGREKIC DT -

Table 4 BBt ER2HIET 2R 32 RNILEGRRY R T, chboRBEREAEROE
BRUETELN e bOOR/MELTFT 1T b bRBRA 3 EoFISET, AEEDO mol B
Ex X beEREL @HRABLT MMP 0RE* 1 ME S SREWERE bR D EF
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Table'4. Minimum. quantity of MMP resin necessary to prevent flaming: and glowing com-
bustions for Hinoki weod sliced veneer and filter paper.

M/P=1/1 M4F
Treating MMP -
‘ I nr M/P |M/P |M/P |M/P | M/P
MIF | M2F [ MAF | MOF | "y g | "o | 21| Z12| =14
Minimum | Hinoki 6.3 54| 56| 80| 11,2 |. 52 5.6 3.0 3.2
amount of ‘ , ‘
MMP, add-
on, % filter paper | 12.0 | 9.6 | 7.0 7.5 \ 9.2 6.1 7.0 7.2 ! 6.3
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Table 5. The analysis of typical fire proofed filter paper and Hinoki wood sliced veneer by
MMP (M4F, M/P=1).

Hinoki wood sliced veneer filter paper
char length 6.4cm 7.6cm
char area 4. 8cm? 5.7cm?
MMP add-on 5.6 % 7.0 %
Nitrogen
calculated 1.94% 2.42%
observed 1.87% 2.11%
calculated as MMP 5.4 % 6.1 %
Phosphorus
calculated 0.55% ) 0.69%
calculated as phosphoric acid 1.75% 2.18%
observed* 0.54% 0.60%
calculated as phosphoric acid 1.71% 1.90%
calculated as MMP 5.5 % 6.1 %
Molar ratio
calculated. N/P 1.94/0,55=3.52 2.42/0.69=3,50
observed N/P 1.87/0.54=3.46 2.11/0.69=3.06

* Determination of phosphorus was carried out using oxygen flask combustion method?!®
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Summary

Fire proofing of wood and paper by means of the primary condensation products of
melamine-formaldehyde combined with phosphoric acid (MMP in short) was studied.

The MMP is an application of the modified melamine acid colloids which have been
widely used in paper industry for wet strength paper#!1%.

Specimens (Fig. 1) of HINOKI (Chamaecyparis obtusa Enpor.) wood sliced veneer of
0.34 mm thick and filter paper (TOYOROSHI No. 2) of 0.26 mm thick were treated by
padding through an aqueous solution of a MMP, then dried and cured for 30 minutes at
130°C to form the insoluble resin inside the wood and paper.

Fire proofing faculties of HINOKI wood sliced veneer and filter paper treated with
the -various MMP which was prepared by varying molar ratios of formaldehyde and
phosphoric acid to melamine were examined, and were compared with water soluble
phosphates such as diammonium hydrogen phosphate, tri-guanidine phosphate, etc. which
are the most utilized chemicals to give the excellent fire proofing faculty to cellulosic
and wood-based materials.

The results are as follows;

1. The amount of resin needed is very little in comparison with other flame retar-
dants. HINOKI wood sliced veneer requires 3.09% to 11.2% and filter paper requires
6.1% to 12.0% of MMP.

All specimens treated with MMP do not show afterglowing.

2. The MMP is water soluble, practically neutral, capable of - bemg apphed in conven-
tional padding water bath, and of being cured in hot- -pressing equipment used widely
in plywood industry. '

The treating aqueous solution is fairly stable in the pH region from about 5.0 to 8.0.

The pyrolysis temperature of wood and cellulose changes by varying the molar

ratio of phosphoric acid to melamine. This fact shows that the fire proofing pro-

perty of cellulosic and wood-based materials can be controlled by using suitable MMP
~which has proper molar ratio of phosphoric acid to melamine.

5. Although they are not completely conclusive, the results suggest that fire proofing
effect changes with varying the molar ratio of formaldehyde to melamine.
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