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O
EXPERIUTENTS IN FIREPROOFING V O0I}--POURTH PROGRESS REPORT*

By

T . R. MAX, Senior Wood Technologist
C . A. Hi R ISON, Assistant Enginee r

and
R. H. BAECELER, Assistant Chemis t

The last three annual meetings of the American Wood-Preserv -
ers t Association have received reports of the continued studies, mad e
at the Forest Products Laboratory, in the fire-retardant properties o f
various chemicals when impregnated into wood . Up to the present the re-
ports have dealt almost entirely with the effectiveness of single chemi -
cals . Although the work on single chemicals has been continued to some
extent, during the past year more attention has been given to combination s
of chemicals .

The 1932 report summarized the results of preliminary tests o n
61 single chemicals and more intensive tests on 7 single chemicals and
one mixture of chemicals . The present report describes the results o f
preliminary tests on 6 additional single chemicals and 3L . combinations o f
chemicals, and more intensive tests on 7 combinations .

The general method of treating wood and testing it for fire re -
sistance that was described in detail in the 1930 and 1931 papers has
been followed throughout ; thus the results obtained from year to year are
comparable . In preliminary or extensive surveys the test specimens ar e
cut-from southern yellow pine boards before treatment, impregnated wit h
the chemical solutions under pressure, dried, and tested without resurfac -
ing. The specimens are treated with two concentrations of solutions of
each chemical, intended to give absorptions of approximately 1 pound an d
5 pounds, respectively, of anhydrous chemical per cubic foot of wood. In
intensive surveys the wood is treated in board form with five concentra -
tions of each chemical, intended to give absorptions of about 1, 2, 3, 5 ,
and 7 to pounds, respectively, of anhydrous chemical per cubic foot o f
waod. The boards are redried, surfaced lightly to uniform thickness, and
cut into test specimens . In both series the test specimens are conditione d
to approximately constant weight under controlled atmospheric conditions

*Presented at the Twenty-Ninth annual meeting of the .merican Wood-
Preservers' Association held at the hotel Sherman, Chicago, I11 ., on
January 24, 25, 26, 1933.
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The fire-tube testl has been used as the measure ef
sistance in both series . In this test lose in weight of the
and temperature at the top of the fire tarbo axe the princip l
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the past year, bringing the present total to 67 . The results obtained
with these 6 chemicals are shown in Table 1, and those obtained with 5
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substantially to fire re.4w* el

Basic Radic;al :

	

Aeic

	

fit '

aluminum
ammonium
calcium
cobalt
copper
lithium
magnesium
manganese
nickel
ti n
zinc

aa$enate or ..ratite.
berat e
bromide
chLei.He
melybda,t.e
-pho sphat e
selenit e
s taunt e
tuni stat e
vanadat ;e

Anaylsis of the data on the various chemi .ea. s taste& ziielilea4es
that no single compound is an ideal fire retardant . None of the singlb
chemicals tested appear to possess in combination a hih degree of fire
resistance, low cost, resistance to leaching, and free_om from objectio n
able features, such as corrosion of metals ; interfere ice with g but r;g and
finishing, and injury to the strength and other desirable grope iess d '
the wood. The aimaonium phosphates in concentrations greet eauug;h

	

OVe .
a high degree of fire resistance, for example, add too much to the cost .of
wood for most uses, interfere to some extent with gluing, are somewha t
corrosive to metals, and leach easily. Apparently, cheap, effective ;
permanent treatments that are not injurious to the wood-nor objecitiermabl e
in use can most easily be found in combinations of chemicals . Most of our
work during the past year has been in this field .

Combinations of Chemical s

The specific aims in working with combinations of chemi,eale =ea

1, To find, if possible, treatments that bring greater flvl
resistance

2. To reduce the cost of treatment ,
3. To develop treatments that do not injure the wood nor- >e --

part objectionable properties to it . .
4. To develop a treatment resistant to leashing .
5. To find a treatment that combines fire resistancer de

resistance-; and ho

	

e

	

rb!i ,

Of the possible combinations of the most effective reaLi.eals:, am-
monium arsenate, arnmo:iura borate, and dialaaonium and mon tmeaAu l pl '-
phates were tested and reported upon in the 1932 report to W s
tion. The ammonium phosphates are among the most ef.ferl4ve siag1e c s i.-
cals thus far tested. Ammonium arsenate and aurmon1l :im :Dar ate, while



unusually effective, are somewhat less so than might be expected . Some
work has also ben done on .inc borate, shown ; t1: t it has considera g • '
fire resistance s

Many of the combinations of the more effee*•ive radicals prx
duce compounds that are highly insoluble in water . For example, the
dibasic and tribasic phosphates of magnesium (Mg=04 and . • g3 (Pq ) 2) and
of zinc (ZniIPQ4 and Zn3 (POj) 2) are very low in solubility . The same i s
true of the arsenates of magnesium and zinc . Double phosphates and ar-
senates of magnesium and ammonium (MgIH1PO4 and 'AsOi .) or of zinc and
ammonium (ZntI PO4 and ZnNH)4AsO4) also have this same characteristic .
These low-solubility compounds are obviously not suitable for treating;
wood directly, although they may be formed in wood by indirect method's .
The monobasic or primary forms of phosphates and arsenates, however, ar e
sufficiently soluble in water to make them practical. from the standpoint
of wood impregnation and they may serve as the first step in the produc-
tion in the. wood of cunds of low solubility..

The 34 combinations of chemicals studied are included in Table 2,
Some of the treatments were made in a single impregne : •.rn by combining the
chemicals in the treating solution . In others an absorption of solution
was followed by an ammonia-gas treatment . In still others the weed was
impregnated with one solution., dried, and then reinrpregnatee with second
s olUti om.

Me first

	

ert to utilize combinations of the too* effective
acid and basic radicals that are usually insoluble in water consisted. 141
forming low-solubility Compounds in the wood by treatments involving tv ; .
solutions . Treatments No . 154 i6, and 17 (Table 2) were made in this MgMig

treatment No, 16 the lwe d was first impregnated. with a solution of an
aluminum chloride, dried, amd then reimpregnratcd with a siali0tion of triso- '
diem phosphate . When a solw4ion of an aluminum salt 1% . hype& with a
solution of a tribasic p?i0whait .e; a precipitate of alaui. phosphate
forms . The composition of Vhe precipitate, that iO, tr c i s : .o .of 4i203and P2O 5 , depcnds upon the temrprera ure, concentration,

	

lec!s.otion of the
solution. For convenx . emot it is assumed in Table 2 that in this treat-
ment the products forme.-in the wood were neutral aleadanum phosphat e
(A1PO)4), a compound of ve.'7 low solubility, and soi ;

	

chloride (NaCl) .
Likewise, in treatment No . l . the s,epaDate iipreg .tiexs with barium
chloride and sed.ium kphate then tic-a.lly feed barium subate (3aSO)4) ,
also highly insoluble, and so -diug chloride.; in treatment No . kj zinc
chloride and sodium stannate were used separately to foam zit stannat
(ZnSnO3)

of 'ii reated waeirmlli of woof. treated with
f-Lre-prrtelemNbe-
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'1' :0541 .14 3-11EV1'I,T9 111"1'6191'9 ON /- OMBINATIONS OP 0I Il'IMI1'A1 ..9 IN EXTENSIVE 9111201:1'

4mbChemwale lad le treetu Cheminle theoretically formed in the wasp Teat neeultr for light and heavy treatment s
T Na l - - Pe eent .ee

_ _
Pe nunta¢e Ab.orptioo olanhydrou achemleela -- - _ - _ Remite of [eels in the fire Cub e

- -Nome and formula of tota lahydro. Name and formula of [01111ankydrM
Apparen t'tun .content?-----Per cubic ---Per 100 Ibe Poo in -Moon.. --Tendene yeheminl cbmmiee5 foot of .k-drywood weight' tempentun to glow

Per cent P.r 'cent Pound. Pounds Per cent Per teat De¢. C
IA Maned. . chloride (MgCIy .6HyOl	 25 .41 Eaten[ of chemical reactions unknown	 . . . .. . . . . . 1 2.96 8 62 10 6 62 8 682 Very ell¢h tPhoephoricend (H, POa	 38 .91 . .

	

.	 115 .48 44 00 9 6 13 6 155 NoneMierocnm,e .r•It ( aNH4HPOa)	 96 31 . . . . . . . . . . . . . . . . ..

IB Magnnium chloride (MgCly .6Hy0:	 21 .31 M.goeeimoammmdum 011,80111. 1M{NH,PO. BO9 1Phosphoric acid (HYPO-f I	
Ammo

	

¢a . (NH) on wet wu,d	
92 .6 1
15 .6,

e .di*m eha,tM• INaCII

	

1`	Dlemmmiu

	

pbwet he ■14Hai,HP(Jll--- .- .- .-
13 .1 1
44 0 11

1 8 .49IIB . 18 10 1561 90 8 37 9 21 .210 .8 209
IBB

VerS clien tNone

it , Magnnium r5,loride(M5CIs8H_O) .	 . . 2191 1 M•g,wl

	

• m

	

ph,wph•teM28ca.11S-- 309 1Phophorle .md (HYPO )	Nhemeomic olt HP0 Ammos gas (N ly) adry wood	
32 .6 1I
15 .61

Adtum M1.nd. ndeCl1	
IDiummemlunr gl,w,8o. 1,NHO211PO,)	

13 .1 1̀44 .01
( 3 .19`154 .154 10. 1661 .90 7 . 68 .1 21 E10 .2 21 1168 Very 1182 [None

2A Magnesium phrephefe, dibasic (MSHPO0 3Hr0) . 56 .11

	

Magma. phnmphaea, e enm,d,e+le IMgli4roo.) . 600-0 1

	

.87 2 42 1 .3 72 0 761 NonePhnphoricae,d (H,oPOS	 44 8 ,	 _ 1 4 .82 12 76 9 .5 25 8 288 Veryeligh t
2B Megnetum phnphete dibasic (MSHP C 1 .3H70) 44 .1) 61 .11 1 1 .0, 2 99 8 .8 59 0 637 Vor @e li¢h tPhosphoric eeid (HMO	 36 .4 }

Ammonia go,(NHyl on wet wood 	 18 .91
I Magesu . .mmmlum y1en-~-y-a!! lMINHJ'BaI . .Ammoelu,a Ofowplmte, Mende ((N1 .1 .11 741 . .--. . 48 .91 1 12 T9 7 5 59 .0 637

2C Magnnium PFnph.te, dibasic (MgHPO43HeO) . 44 71 M01MmIDm amm,mlum ypk' .7h+4a (1texJ. Pe.1__ 61 .11 )

	

1 .00 2 .99 7 6 74 2 749 NonePhosphoric acid (HeP) 1) 	Ammonia gar (NH)) on dry wood 	 96 .41#noise. phosphide. m sac (CNN.),

	

a)---- 49 .91 1 6 .12 15 .73 7 6 19 2 198 None18 .9 1
44 .2

._ .

	

__	
F.crmt of ebonies! 'active mk4wwn 	SA mammon, chloride (MgCly .BHeO)	 ..... . .. . . . 1 .77 6 .44 10 9 72 8 767 ModerateSodium phosphate, dfb•mc (NayHPO 1.12HIO)	

Phnphoric acid (HaPOt)	 32 . 922 91 . .

	

.. . .

	

. . . . .. . . . .

	

. .

	

. . . .

	

. . ... . . . . . . .. 1.	 . . . . ._ . . . . . . . 9 .64 29 .48 17 4 28 2 227 Very eigh t

3B Magnnium enlonde (MgCIy .6H xxO)	 98 21 , hlap,wvm ammonium ph~hep (M{N44PO1J	 86 .1 J 2 .06 6,29 10 0 41 5 479 Veryeligh tSodium phosphate. dibasic (N.yl[P O 4 12Hp0 )	 , -Phnphorie and (HaPOS 	
284 119 .81 •Smtluee ehloride 'NaC) .)

	

.__ ._ . . . .

	

-_ _
Amm,mhuw carnal• 17896 4 0)	 11 .0115 .4 111 .05 94.18 8 6 14 .0 167 None

Ammonia gee (NH01 on wet wood	 13,6J . . . . . . . . . . . . . . .. .. . . . .. . . .
3C Magnesium chloride (Melt.5 8201 . . . .

	

. . 98 .21 Magrwlme ammmfam abe~h.11IN{NJI4M41• . 12 .06 6 .29 7 2 518 887 SlightSodium eFnphate, dibasic (Na ) HP O 4 12H7O1 .
.

	

. . . . . . . 26.4 'Sodom chlarde lN•CI5-__ .

	

.

	

. _ -_

	

. ._ _IAmmmdpm ehl.,r10 . fNHaa1	
89,1

11111128 . 1.. 111 .06 84 19 6 .5 14 2 180 Veryeligh eaie acid (}lotAmmonia go (NH

	

on dry w.,od	on 13 .13 7.) . . . .

	

.

	

. . . . . . . . . . . . . . .
. . . .

4A 45 .2) I Selmtt 4 .886102 722 789 NoneMagnnium rb10 :100 (MeClmasse1y.6H .O)(NAmmonium pmwph[c,.4 54 .8 ; of .Semleel ,eaetltbe

	

:ow	 (1 .221 2278 170 158 181 None
4B

~ ?

	

_H 1 Hx - -PO - ) -
Magnnium ehloride )M¢CIy6H70)

	

.-- . 98-9I Melvnlam amnSse.e pFuphaV (MSNB,PDS-- 99 .11 1

	

1 .89 8 N 9 .0 28 9 289 Very clien tAmmonium Vhnphate, moeobeair (NHo8l .P0e)Ammonia gas tN Hy) on not wood 	

-

47 .2 11 . 9) Amm0$aee ehhldda (N74E11 .---- . . . 44 61 1 9 .79 86 .46 18 .7 16 2 176 None

4C Magnnium chloride (M¢CIy671t0)_ . 38 .9' Me0wllum emmnnhm, yyhhae,epphhatm 1NZNH,PO H	 08 .81 1

	

1 .88 5 44 7 .4 59 .8 607 NoneAmmonium phnhate, monobar,e (NHoHePO() -Ammonia ga . (NBIy) on dry wood	 47,2 )13 91 Amm,mtum eluarie .N14t d1	 41 .01 ) 9 .79 28 .45 5 5 14 .8 168 Noee

6A Ma¢nmium chloride (MgCly.619 101 . . . 44 2'' Remna of ehn,aol eaaetlm ungnowa_ 	 . . . . . . . . . . . ] .40 8 .48 8 9 74 .6 186 Made. .Sodium ph,.nhatrv, monobe., . IN.H 0FO0 H 4 O) 56 fl ; . . . . .. . . . .. . . ___ 8 .90 E1 48 9 6 84 8 342 Sligh t
6B Magnesium ehloride(Mli'Ic .6H 10,	 . .

	

.	382 54agn.enem .,°7777°°•o 39e.phsla tY{N 961Ptl,J-- 65 .1 1 .62 409 7 .2 62 .6 870 Sli{ht3011,11. phosphate, mm Mhaa,, tleIOyPO1 H70 1Ammonia gar,NH yl on wee wood 	 48 2 r136, Bod,um rhlnnd. 100960

	

_ . .

	

.	1A ,0,n„alum ei,I,vlde (FIH 4 CIr	 21 . 521 .4 111 .49 29 .04 7 .8 l6 B 200 Very cle¢h t

6C Magnesium chlnride (MgCIy.oHy01	 - . . 38 2) 57 t

	

a m

	

Ism phmpbal• i14295M P0,}	 56 .1 1 .52 4.08 6 .7 66 .6 794 Modest.Sodium phosyhte, mannbeete (NaHIPO1 Hy . )Ammonia Can INH;0 , on dry wood . .---- . . 48 2 1It S' Sella. o,vld• tNcCli	hlAmmenam dd.ld•tNH,CII,_	 23 . 621 .4 111 .48 29 .04 8 .6 16 .0 189 Very alight
8A Magnesium oai0).

	

Me))I	 170'- M .eaam phepbaie, mmhhde IM{(91,POalt1 100.0 ) 1 .00 1 .04 7 8 67 .6 721 NonePhnphorie

	

IH;1POtl	 83 0 . 	 1 6 .78 16.36 9 .7 14 6 187 None
GB Magneiun, oxide )MgO(	 14 01 Megn.lom •mmoplumpphtgha1. ((N NH,pp.)61.0 1 1,95 8 74 7,0 61 8 728 NmePhoplmriracid(H.,P01 1____	Ammonia ga. (NH. on 505 v0ld	 682 117 8 Ammmlom ph .pheta dlhrlo 11154~,HP7151_.- . 19 .0) 14 .06 20.18 7 .g 12 .8 178 None

7A Zinc chloride eeC1y1	 64 .2 Batawt .f adrmnlnl mwed*n un0aoteS 	 1 .16 856 7 .8 72 5 904 Veryeligh tAmmonium nh,nphete,mmohOntO (NH,HaP04 :, 45 .81 	 __ 11 .8810. E2817 175 152 Veryellsh t
7B Zinc ehl .idr (ZeCI,)	 47 8) 2lne ammoelum pho,phate (7aMBaPDJ	 •• 68 .4 1 .66 4,01 6 .6 67 8 BOY BlightAmmonium yhoepphate, monobaic

	

...

	

.P011 -Ammonia e•e (NAaI en wet wood 40 .3 111 .91 Amromlum ,dtlorlda ln8laC91 . . .- .--_- . . . .	. ._._ .___	 _ ._ . .__. . . .__ .	 BT .°,	 1 6 .89 26 .86 7 .8 14 .2 151 VeeYdi4h t
7C Zinc ehloride(ZnCly) 	 47 .8) IZi .e .no0nnium Plwlmhal fSnNH4POe)	 - (

	

1 .86 4.01 6 .2 69 .6 764 Veryeligh tAmmonium phnpphale,mmobarie (N H 4H ZP04)	Ammonia¢ae INH3) on dry woad	 40 .911 .9) IAlnmmlomahleeele

	

HIP) „		
62 .4 )87 .8.___	 ___ 18 .59 88 .80 6 .8 13 .2 IN Very alieF t

BA Zinc chlnride(ZOCls)	 53 .2 Ee1.et .8eh.minl rnHlaw mkvowg	 1 .89 421 7 .8 75 .0 606 Modan[e3ad,um phnphle, monohaic lN•H SP04Hr0) . 46.81 . . . .

	

. . . . . . . . . . . . . . . . . . . . . . . . . . .... . . . . . . . . . . . 9 .07 22.60 9 .2 20 .0 224 Very .112h t
BB ZinoSodiu mlphosphate~amo nohosic (NeHyPO1HeO) 41 .81 lSmalo etlum e} doeld INaF

	

NH4	•	 _ .	 . 40 .1` 110 .92 26 .60 8 .0 17 .E 22E Veey eIi¢FCAmmonia gee (NH.) on wet wood	 11 .7 . .__ .__ .._	Mold.IAmmanMold.
p8a

8 .00 f

l :8 70
11 .1

1 09011111 .1phnplh170, nnonobesir (NaHxP04 H20)	 - 41tI yBwl/me tild 25 10 66 146 IBB Veodryeilgh tAmmonia go (NH3) on dry wood 	 I1 .7A.6oelOm *1e4nd.NHeCO. .

	

.	 18 .1
9A Zinc oxide (Zn0)	 29 51 24 .0 phnphale!me4mh .W (Za(H4PDalp-	 1000 1 .09 8 14 6.1 66 .5 726 Veeyali0FtPhnpharir acid (Hy1H5 1 1	 70 71 _ ._ . . . . . 1 6 .14 16 46 7 8 27 .6 962 None
9B Zinc Oxide,ZnO)_ 	 2481 .Zlpe amenelum ph.phale IL,NH1M1 L11. .~	 876 6 .9 60 .2 721 NonePhnphorie „rid(BRPOW)__	 69 .7.15 .61 IAmm,plumphmpha4, Moos (1126,), Hn1,i .___. 52 .4 )42 .6 11 .906 .62 19 T .1 14 .5 192 Nose
10

Ammonia gay (NH,) on wet wood	
Zinc chloride (Sod) I 	 48.51

. . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . ..
YAne ..e,eelron pphpa,.WP1,ttO Zn2IH.PD,)	

. . .

	

. . . . . .
60 .4 1 .61 466 8 .6 78 .2 784 ModenmSodium phnphte, dibaele (NaxxHPO1 12H20) 	 .Ammonium hydroid. 1NH10F11	 45.8 111 .2( 9.dhtm chlorins (NaCB___ .__ . .

	

.	 ._„ _	 __„ 89 .6 1__	 16 .88 1390 89 16 .0 503 Veryelight
11A Magnesium cmaride (MgC.ii.6Hy0)	 _ 28 .91 Soled .1aMw,alraNve 5gbwewe	 6 .97 8 .2 43 .6 689 ModerateArsenic eeid (H.3.04i4H2O)	Sodium somata, tnhsic (NasAe04 12Hy0)__	 _ 42 .0	29 .1 -__	. ._____

	

. ._
12 .40166 46 .00 110 120 188 Sligh t

118 Magnesium chloride(M¢CI Z .6Ne0)	 18 .1 'Maa{{n0m+tism am .nwdm newel. lMBNH,	 60 .01 2 .65 7 .69 8 .4 29.2 248 ModenmAreeme acid lHyAs04SSH0)	Sodium amenaw, tnbeesc (11 .sA.0 1. 12Hy0) _	 _ . . 98 .2	26 .81 11011,01. ehl.lds lN•<:1II . . _ ._ . ._ ._ .	 A4OJ .- -eta„. (fl'{Hr1a1	Ho .miam

	

JMO 2 1̀82 17 117 .42 60 .76 11 .4 9 .6 174 Non e
Ammonia gee (NHSI on wetwood	 9 .1 . . . . . . . . . .

	

. . . . . . . . . . . .. . .. . . . . . . . . . .
I(C Magnesium chirnde (MeCl, .81120)	 _	26 .1 arsm.m tM8N11,464a)	 _ .	50 .0) 1 2 .66 7 69 7 2 21 5 211 ModerateAmemr acid fHyAe0 4 y4H7015	Sodium .memate, tnbesic(NeyAa0e12HO)	 - 38 .2	26 .9 podium ehheide(NaOH--- .--- .	IAmmenfttm .tMBat. IINH,}IAaOd---_	 52 .2 117 .9 IIT a2 60.76 89 9 .8 166 Very alight

12A
Ammonia gea(NHy) on dry woad 	
Magnesium chloride (MeCIxx .606¢0)	

9 .41 . . . . . . . .

	

. . . . . . . . . . .. . . . . . . ... .. . . . . . . . . . . . . . . . . . . . .
1 .74 4 60 B B 482 668 Mader.te81 .7 188 .4 ) fle0a5 104 alrmlul ,~caim-	 . .	Sodium mdYbdate (NneMe , .2Hx0)_ .	 . . . . 249E	19 .47 1,1 725 269 Moderate

12B Ny

	

ehlende	 2841 e6, 71 1194 512 76 83 .6 332 Mader ..Sodium m t .. iNla (IIn,se-1HI.J	 --_-- .A mmm1 . {u INN.) 0 . oewet wood	 61 .5110 .1
Map,eelun0dsevd{eN!H

(((
1M■SOHIH	(,hlv mmdy hdatrIN ,S aOU	 56 .61 110 56 27 .75 9 0 18 .2 220 Sligh t

12C agNomuum .monde (MeltBH_++U~].'	 28.41 M'almm,um I yydm .MO(`18

	

01t),1,--	 16 .7) 1 .94 5 12 7 4 3g5 394 Sligh t54 dm mnlyhd.l. (11 .7

	

oOo,2NI111	Ammmla gas (NH„ ao dry wood 	 61 .510.11 Ammnelwe rMoM . (NR	 ___ . .____e .S+diuet mn lyhdele NN..

	

80e)	 28 .8 155 .5 110 .54 27 75 7.6 16 .5 194 None
13 7JwpeMadaiZaCld_	 26.71 (Zine hydroada` 1ZebOHI 	 24 .2 1 .21 6 154 74 68 .6 841 Moden 4&diem malg6daM (N4.MoO48NA1_ -_	AntmsMgm hydmmide

	

H401O	 39 .4 135 .11 'Ammnkw rMmMe 11121♦CI)	`540111 . mnl2b,1m 1NoM.OJ	 25 .9 149 .81 111 .04 2946 1.0 18,2 285 Slight
14 SieaehJold0fZwel,)	 620) Etemt ofehenlnl racH ..ueknew	 _	 f 1.17 341 7 4 67 .0 ]46 SightEneiewaid(H,00aI	 48 .0 . . . .. . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . 1 6 11 18 58 8 .0 11 .8 177 None
16 ywee$moa (ZsCIg)_ 	 32 .9 IZI8r .1158919 l1.0.0al	 56 .1 237 662 83 680 819 ModerateBodia.aurora* l

	

51 .Ug.2H10J	 67 .1) 9141*. ehiolde(Nndll	Eeca wdlum .88.m tN.01.0e1	 28 . 915 .6
32 .91 Zine .tanoav(Ze9n0J1	 66 .2 10 .77 3009 101 21 .0 221 Slight8edee

	

etumaleI .8a0a.SN,01..	 . ._ . 61 .11 Sodium ellndde (N.01	Ex... eedb.em .tennem lN.c8n081	 28 .4 115 .4 )
18 #110,1 .1,6 98loridn 0A1tli 1 	 61 .1 :Alummmn ybnephste [[AiPOat 	 36 .51 2 .27 7 .61 8 2 62 .6 822 Moderate6941,. p0e19haf•i la

	

a t7OeaPOe,17H,01	 48 .91 18ndlum ohloride f5.Cl]	,Rssa, ahunla~ ebl.Me lh5C14)	 62 .011 .5 1
438.1[1.11 ehlarder 41201.il1	 . _ . 69 .8 Alnminum ehnPhate IAIPOeI _	 ___________	28 .9 909 2608 11 .8 41 .6 475 ModerateBndim Phaphale

	

4111141518 .J( . .	 .__. 96 .81 ,$Mlv. ehloride lH+G'I 	Eaes .lvminum ch

	

(Alai)-	 88 .6 )94 .8 1
67 Hvlvm =7.. ?!J-X~` .'.t%	 _B+dlam 56 .7. Bueum Nphate BaBUJ1 	 .	 •-•°•	 62 .2 3 .9! 6 .99 7 .0 698 865 Modena.698.__X41wm xdiNapnO,.0Honliem a*{{Io heSe l• lNSaBOJ	 66 )

69 .3 Bantam ,Wplu4e (BeBOJ	 7,38 22 35 1 .3 62 .0 846 ModerateBulanweldmida Tarn	Bldlum ,ulYbetn lNa

	

a,tOHIO)	 30 .71 (S .IeIg

	

ebloridoiNsel) . . .

	

.	ISaer halo* ca.ld• (BaCI51	
6D 6 125 .124 .2

'It is aseumed that there was no selective ab .oa lion of hemleals by the wood an dthat they were present in the same proportions

	

the treating solution . . In th eheavy ab.or bone of troatmentn Noo . 5A, 5H, and 5C a small exc.

	

P

	

nae dlu mphosphate w

	

ed in er,

	

the heavy absorption of treatments 11A, IIB, and 11 Cexc.. of a .eb■e acid t won required to get a clear aalutlon, and in the ligh t
shown Hence the percentag ea . of larger emledls 0000 ands formed hydroxid e [vary slightly fro mthose given .

zr\ 2zes q F

hou' Bowed on the weight of the treated wood after drying at 215'F . to 220° F . for 2 4
▪When the flaming toppe dBased on untreated wood s °moderate" ,▪Treatmenlenfoe. 2A, 6A and 9A involved the use of two chemlrals soh but forme dsingle chemical compounds and are aloe reported In Table 1 under single themlcala.Fora die0uealo0 of the chemical reaction see the text under "Molybdote treat-ments".
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The second general method of attack, using compounds of th e
more effective radicals,. involved the primary or monobasic form o f
phosphate, arsenate, and so forth of various basic elements . Several
treatments were made involving this princ i ple . Since the monobasi c
form of these cor.oouds is either not readily available in technical
grade or is expensive, most of the treatments were made with other chem -
icals that produced the soluble monobasic form. In treatment lb . 2 of
Table 2, for exmple, dibasic magnesium phosphate was dissolved in phos -
phoric acid, giving monobasic magnesium phosphate as follows :

LigEP04 + H3P0____~ Mg(H2P0}4 ) 2

A similar result was obtained more advantageously in treatmen t
No, 6 of Table 2 by using magnesium oxide and phosphoric acid . The re-
action theoretically produced soluble monobasic magnesium phosphate .

Several other solutions containing the magnesium and phosphat e
ions were used. Magnesium chloride served as the source of magnesium i n
making combinations with various phosphates in treatments No . 1, 3, 4 ,
and 5 of Table 2 . When a solution of magnesium chloride is mixed with a
solution of a monobasic phosphate, the resulting mixture remains clear ,
since only soluble products arc formed by the reaction :

MgC12+2 NHUH2POU

	

Mg(H2PO ) 2+2 NH401

The four compounds are in chemical equilibrium in the treating solutio n
and in the treated wood . The most volatile of the four is ammonium r--- ' '
chloride, and the reaction would therefore tend to go to completion as thi s
compound volatilizes, a process that would be slow at ordinary temperature s
but faster at dry-kiln temperatures .

When sodium phosphate was used (treatments No . 3 and 5 of Table 2 )
in place of monoammonium phosphate, sodium chloride replaced a chemicall y
equivalent amount of ammonium chloride in the products of reaction . I n
treatment No . 1 microcosmic salt (NHUNaHPOU) and phosphoric acid were used
instead of monoonium phosphate and half of the ammonium chloride that
would have resulted was thus replaced by sodium chloride .

Similar chemical reactions occur when zinc compounds are use d
in place of magnesium compounds, giving soluble monobasic zinc hydroge n
phosphate . Zinc chloride and monoammonium phosphate were co :;ibined in
treatment No . 7 of Table 2, zinc oxide and phosphoric acid in No . 9 ,
and zinc chloride and monosodium phosphate in No . g.

The chemistry of arsenic acid and the arsenates is similar t o
the chemistry of phosphoric acid and the phosphates . Following the sam e
general procedure as with the phosphates, treatment No. 11 of Table 2
was made, using trisodium arsenate, arsenic acid, and magnesium chloride ,
producing thereby primary magnesium arsenate and sodium chloride, which
are soluble .

R1019



Ammonia-Gas Treatment s

number Hof time treatments, involving a combination of chemi-
cals in one solution, were follaaed by a treatment with ammonia gas .
The purposes of the ammonia gas treatment were to prodace in the wood
certain chemical compounds of low solubility that would be resistant t o
leaching, to reduce the acidity of the treated wood, and to increase the
total fire-retardant effect by the chemical fixation of ammonia .

In most of the treatments involving the use of ammonia gas a
part of the wood, ptiously impregnated with chemicals, was treater s with
the gam m;mile *&a wet and a second part was dried and then so tr . .ted .
A third part was tested without the gas treatment . In treatments e. 6
and 9 of Table 2 only the wet wood received the gas . The general pro-
cedure followed in the a :amnia-gas treatments was as follows : The wood ,
previously i€:,qngnated with chemicals, was placed in a treating cylinder .
Stamm was a p1t._iel mm4il the temperature in the cylinder reached abort
185° F. Liquid ammonia was then released into the cylinder until a pressure
of 15 pounds per s quare inch was attained . This appzcuimate pressure and
temperature were maintained for about 12 hours, after r•hich both to
steam and the liquid ammonia were turned off. The charge was released
at the end of 24 hours .

The action of the ammonia gas was similar in all treatments in
which the phosphate or arsenate radical was present with either ruagnesilma
or zinc . (Treatment No . 1 to 9 and 11 of Table 2.) In these treatments
there were formed insoluble compounds in which ammonium and the divalen t
metal were combined with a trivalent acid radical, such for example as
magnesium ammonium arsenate, zinc ammonium phosphate, and so fo'rth .. I n
addition to the insoluble compound there were formed by-product .~ ~vli Gli-

varied according to the compounds used in' the initial treatmea_t et the
wood. When the wood was treated with raonobasic magnesium phosphate ,
formed by the action of phosphoric acid on either magnesium oxide or di -
basic magnesium phosphate, the ammonia-gas treatment produced magnesium
ammonium phosphate and diammenium phosphate according to the reaetdon :

Whom t}t~ . o mo of m,

	

i-mm was magrte-m.PWa

	

10e, the reaction- ' v
products included some soluble 6h1 de, and when s•adi sphate conm
stituted the source of phosphate, a so b1 geodri}

	

was formed. Thus
in treats 4 i o . 5 of Table 2, whi

	

i o'l a1 time - e ,af both magnesium
chlorigmmmmllemmemodleem m :

	

eat .m +r;

A

	

ay of the rwac ti?csa ' ixiv sIved will

	

that thtm ammonia I ' ., 1~.
used is in enoess of tha -at@unt required femffi the insolubleL1double
phosph te. Accordingly te formrat om of the double phosphate

	

arsenat e
is al'w le accompanied by the formation of tiara ammonium salt of the solu-
bili-N

	

-acid in the tret=i .

	

solution .•
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Zinc.mmonium Phosphate inAmmonium	 Hydroxide

Zinc ammonium phosphate differs from magnesium ammoniu m
phosphate in that it is soluble in an excess of a noniur. hzdroxide .
When a zinc chloride solution is added to a solution of a lhosphat e
containing sufficient ammonium hydroxide, no precipitate forms a t
once . If the solution is allowed to stand ; however, ammonia evaporates
from it and a precipitate of zinc ammonium phoep=iate forms . This phen-
omenon was made the basis of treatment No . 10 of Table 2 . The wood was
treated with a solution containing the proper proportions of zinc chlorid e
and disodium phosphate and enough ammonium hydroxide to keep the liqui d
clear . It was expected that, during the seasoning of the treated wood ,
ammonia would escape and zinc ammonium phosphate would be precipitated i n
the wood .

In making the treatment the wood was placed in a pan and covere d
with the treating solution . A vacuum was then created, followed by th e
application of pressure,, At the time of the treatment the assumption wa s
made that the wood was impregnated with a solution of the desired concen-
tration. It now seems probable, however, that dra inn! the vacuum reduce d
the amount of ammonia in the solution to the point where zinc ammoniu m
phosphate was precipitated in the solution and that the absorption o f
anhydrous chemical by the wood was less than the amount calculated . The
treatment will receive further attention .

Molybdate Treatment s

In treatment No, 12 of Table 2 the solution contained magnesiu m
chloride and sodium molybdate . This was followed by a treatment wit h
ammonia gas . In treatment No . 13 the solubility of zinc salts in ammon-
ium hydroxide was utilized as in treatment No . 10 and a single treatment wa s
made with a solution containing zinc chloride, sodium molybdate, and a n
excess of ammonium hydroxide . No reference was found in the literature t o
the reaction between sodium molybdate, ammonia, and the chloride of eithe r
zinc or magnesium . Some basic molybdate may be formed . Fending an ex-
perimental study of the reactions the theoretical amount of ammonia chem-
ically fixed in the wood has been calculated on the basis of the reactio n
between ammonium hydroxide and the metallic chloride to form ammonium
chloride and the hydroxide of the metal . (Treatme .No . 12 and 13, Table 2 .) -

Summaryof Combiftatinn Treatments in theExtensive Survey

	

.c
1 1

In Table 2 are shown the kind and quantity of chemicals used in

	

1
each treatment, probable compounds formed and their proportions, absorp-

	

'_~ ;
tions of total anhydrous chemical, and results obtained in fire tests . The

	

' '
absorutions of total chemicals in a number of the treatments were unusuall y
large, since the aim was to obtain about 1 and 5 pounds, per cubic foot ,
respectively, of the principal compound in each treatment . In other treat-
ments the absorption of all chemicals approximated 1 and 5 pounds per cubi c
foot . To mare cemparison of the effectiveness of the various treatment s
easier the losses in weight of all treatments are plotted in Figure 1
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against absorption of total ch€riieal . The curve for diatma(ai iu p40sF-
phate is placed on the graph for comparative purposes . It is apparefit
that the majority of the treatments compare reasonably well Ath dial-
moniura phosphate in effectiveness . Few treatments, however, can be 4)Ota
sidered as effective as the am oniun phosphates (menobasic or dibao' c ;) 4,
pound for pound of total Chemical used .

In the extensive survey of coibination-s of chemicals it ham
boon

	

arrive at, a clear-cut classification of the various :
tread

	

ever] .

	

WOAM Oans i dera-t on the ouant i ty of chemi call
used ma& al ■tfect

	

combinations of chemicals en the teas
dency o+f 1ho %te .tot v eto Map and to glow the following c .omaenta
justified .

tviamnesii Phosphate Tr2_atment s

The treatments that resulted in the fa-mat :-en of magnesiia.1 a
phosphates with or without ammonium compounds in the wood were espe, ;i*] -
effective in stopping both flawing and ;lowing, These treatments involve i
the following combinations of chemicals : magnesium oxide and phosphori c
acid with and without: ammonia gas ; dibasic magnesium phosphate and .hospho.
phosphoric acid with and without ammonia gas ; magnesium chloride, •m ere=
cosmic salt, and phosphoric acid with and without ammonia gas .; a d . Magnes-
ium chloride and monoammonii a phosphate with and without aramosiaa.- ghs
(treatments eo . 6A, 6B, 2A, 2B, 2'C-, 1A, 1B, 1C, 4A, LI-B, and 44'0: Table 2)
The use of chemicals yielding considerable quantities of soriii e©Tmpound s
in the wood along with magnesium and ammonium phtesp :tts reciaaed the effec-
tiveness of the treatments somewhat (No . 3A, 3.0, 3C, 5A,. 5B, and 5C) . I n
general, final ammonia-gas treatments on eiVAer the wet or the dry wood
increased the effectiveness of the earlier treatments .

Zinc Phosphate Treatments

ahates of zinc were -somewhat less
effective than similar magnesium phosphate treatments . . Of the zinc
paosphate treatments, zinc oxide and phosphoric acid with ammo•n -a gas and
zinc chloride and monoaraionium phosphate with and withoa:t a aonta gas were
the most effective . (No . 9B, 7A_, 7B, anal 'C of Table 2 ..) Jain ire, use of
chemicals yielding sodium compounds reduced the eff<ectivenes.s •( to,.

8B, and SC of Table 2) and the use of ammonia gas increased the effec-
tiveness of the treatments concerned. The t +e te4ent involving the use o f
zinc chloride, die odium phosphate, and ammonium l yrdroxide (No,

	

bowed
only a small degree of effectiveness although, as already explakka44 i t
now seems doubtful that . the results obtained arc an accurate indication of
the true effectiveness .

J
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Miscellaneous Treatments.

The use of magnesium chloride, tris•odium arsenate, and arseni c
acid both with and without ammonia gas was highly effective in stoppin g
flaming . Without the ammonia gas : however the treatment had comparatively
little effect an the tendency of the wood to glow (No . 11A,. 11R and 11C of
Ta,Iii 2 .)

The treatments involving the use of a molybdate (ioo ;, l2At

12C, and 13 of Table 2) were highly effective in reducing flam a bit 1

	

.
a comparatively small effectiveness on glowing ; though the use of ammoni a
jas on the wet treated wood did increase somewhat the resistance

	

{ ,loy4ing .

IN combination of zinc chloride and boric acid (treatment No . lea
&! Table 2) was effective in *topping both flaming ;n+d glotiwin;: , though•
not so outstanding as some of the other treatmcnts .

were relatively ineffective in stopping either flaming or clewing.

tensive $yejy

Certain combinati.ens of chemicals, used in the q-tensive survey ,
appear to offer sufficient promise to warrant more intan:si.ve wtrlT4 ,: em-
pared with single chemicals a number of the combinations appear to posses s
one or more advantages such as a reduction of cost, elir ation of objec-
tionable properties of the wood in use, and a combination of fire Desis-
tance with decay resistance and slow leaching propertie s

Borax-rfe~ille7ur1 Phos„ =dat e

A combination of borax amd monoatnr:ontum phosphate appears t o
offer possibilities in reducing the ears-t mf t roatieelut in elirmam~z ;t w
certain objectionable properties of the

	

eco;ted wood, , and in add .
.

certain degree of decay resistance to the wooa, Although tlaa w

	

W . -
monoaamionium phosphate has been subst tiaAly rcdateed in rce;enk 'Sao 'there
is still the pdseibility of producing a eheaper treatment

	

tit llfre of a
certain amount of borax or other cheaper chemical in coLbiratfoft th th e
ammonium ;hosphate . Preliminary tests were therefore made to determine th e
proportion of borax and monoamuonium phosphate that would show good effec-
tiveness in stopping both flaming and glowing . The results of those tests ,
included in the 1932 report to this association, indicated that a mixtur e
of 70 parts of borax and 30 parts monoammonium phosphate (based on anhydrou s
chemical) was effective in stopping both flaming and glowing with an absorp-
tion of 5 to 6 pounds of anhydrous chemical per cubic foot of wood . Higher
relative proportions of the borax in this approximate absorption were no t
so effective in stopping glowing .

-g_

None of the tree treatments involving two eolutd•one '(-ZlQ t 115;o
16, and 17 of Table 2) wore outstanding i -n their effectiveness . Tao _

	

. ,

zinc chloride-sodium starnate treatment was moderately effective In r-+c1 - '

	

t i
ing flaming but had little effect oR glowi :gig, The ocher tw,o treatments

	

o4
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A series of tae s en five Mbsorpt ong , ranging from. a-!proximately
1 to S pounds of anhydrous chemical per cubic feet of-wood, woe then mad e
using a ratio of 2 parts of borax to 1 part of monoamr:•.onium phosphate . The
results of the tests are shown in Table 3 and are ploted in Figi e 2 in
comparison with diamnonium phosphate . The combinetien vas effectivei,.,eV
pecially in the higher absoipt ons ; the treatments were not only effectiv e
in stopping flaming and glowing but added little exe-ess moisture to tikk wood .

A. .mixture of the two chemicals obviously ;gives a trr that
is less alkaline than the borax and less acid than the r onlearnnoni A phos-
phate and hence is freer from objectionable cheyacteristics than eithe r
chemical alone, The best proportion of the two chemicals from a i enti it y
standpoint, however, has not been determined, though some work ,'mss be
started along this line .. l k the first place the idea] degree of acidi'*
or alkalinity, considered from all viewpoints, le not 'eaown. The •q- stion
is further complicated by the fact that the proportions of t1 two chemical s
that give a neutral reaction vary with temperature, with di :ffe ?iat concen-
trations of solutions and in the seasoned wood with moisturto content'.
Preliminary tests indicate that a 12-1/2 percent solution containing 55
parts of mo4caa moniunii phoephate and 45 parts of borax is appr^oxii tely
neutral,• but these proportions in other strengths of solution or i n
wood would not be neutral.. Some further work is necessary before -doe. i e
proportions° of the chemicals can be recommerided .

Borax in sufficient concentrations is toxic to woo!r1 e
fungi .. In the relatively large absorptions necessary to 4btAi3li . i.].gh
degree of effectiveness as a fire retardant the borax- .nonomi_ == ;, phos-
phate treatment should give protection against decay as well As f r, .. he
protection would not be permanent under conditions favoring 4_

	

iw-

ever, because of the solubility of both chemicals .

Magnesium Phosphate Treatments

Four combinations of chemicals, used in the extel ivne i

	

5
involving the use of magnesium and phosphate radicals, were

tla

more intensive study, They were magnesium chloride and mopwm m ,e_L

phate with and without ammonia-gas treatment and magnesium .oiloottie and
monosodium phosphate with and without ammonia-gas treatment .

The two salts of each treatment were combined in amounts propor-
tional to their molecular weights . With the ammonia-gas treatments i t
was necessary to use an excess of ammonia to make certain that the chemical

	

. . 1

reaction was complete . The proportion of the chemicals used in the treatin g

"Some experiments on the toxicity of some inorganic salts by E . Bateman
and R . H . Baechler, American Wood Preservers' Association, 1927 Pro-
ceedings, pages 41 to 46 .
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solution agd o

	

cti o
shown in Table 3. With

	

Tents'

	

did

	

; ; 'clu.

	

onia gas
the extent to which th*

	

treactio7T'

	

Down, hence
the proportions

	

-im the wo

	

=

	

en, With the
treatments in which ammonia gas was used, the pr , ;ortior:-s of compounds
formed can be calculated with some degree of certainty and hence are show n
in the table .

The records of absorptions, moisture content of the treated woo d
when tested, and data on fire resistance are also given in Table 3. I n
Figures 3 and 4 the loss in weight during flaming and the maximum tempera-
ture are plotted against absorptions and the curve for diarnmonium phos-
phate is shown for comparison. The four treatments rate in effectivenes s
in the following order from the Aids' to the least effective :

1. Magnesium chloride, monoammonium phosphate, and ammonia gas .
2. Magnesium chloride, monosodium phosphate, and ammonia gas .
3. Magnesium chloride and monoammonium nhosphLte ,
4. Magnesium chloride and monosodium phosphate .

The ammonia-gas treatment added considerable effectiveness t o
both combinations of salts . In both treatments with ammonia gas the pro -
portion of magnesium annoniun phosphate to other compounds present in the
wood was closely the same . The kind and amounts of by-products, namely ,
ammonium chloride and sodium chloride, formed were also factors in deter -
mining the effectiveness of the treatment . Since ammonium chloride is more
fire -

	

odium chloride the treatments in which ammonium chlor-
ide 1 s . 14 ~t

	

1 -- roduct would logically be expected to be mor e
#Itive

	

um chloride was formed .
i

The magnesium chloride-monoarnnon um pho,sp te-ammonia gas treat -
PantelI4 W**% effective of the group, appears to possess one or two ad-
van$ag2s CM. a straight ammaniurn phosphate treat:pent . Mare than half
of the chemical in the wood is highly insoluble and th Defere should b e
more permanent under service , conditions favoring leaeiA

_: It 44 . see: -
p ossible that the combination of chemicals would be eieaper than. either
monoammonium or diammon:iiaam phosphate alone .
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Zinc Phosphate Treatments .

The zinc chloride and monoammonium phosphate (wl: and without
ammonia-.gas treatment) c ` e-imattt rs appeared in the exte3a7st .e survey t o
warrant more eareful study. Two series of absorpthons wire ;P h.erefore made
and tested, orro with ammoniaetas treatment and -

	

.other w3thouite The
zinc chloride- and m noa'rei a nium phosphate were,a ri•n_ i 	 d in- r uts pro-
portional to their molecular weights . To ro owt.ons of the emicals
used and of those ttleoretically formed in the wood, absorp4'je4 , ,_ardi_

	

.m ,
test data are also, s&iown . am T3b:le 3 .

}• _
-4 ' r

	

~i { _ .



The losses in c e h't awing flaming and maxim= tepperature s
obtained are plotted in Figure 5 against absorptions . Co.* red mith
diammonium phosphate the combination of zinc chloride and mono u '.onium
phosphate was nearly as effective as in the heavy absorptiona . In the
lighter absorptions the combination was distinctly less effective .
Treatment with ammonia gas did not increase the effectiven-€s.s as much ap
in the maGnesium phosphate treatments .
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the literature zinc ammonium phos-phate is still
more insoluble and thug less subject to leaching than magnesia= ammonium
phosphate. It also represents a somewhat larger lJroportion of the tota l
chemical in the wood than is true of magnesium phos phate tre a entq ., gor-
sequently, more of the fire-retardant effectiveness Of the zinc amhoniu m
phosphate treatment should be relatively permanent under conditions tha t
favor leaching .

e treatment (with ammonia gas) Should
not be

	

against decay, since the zinc compakOl d
is

	

- mil

	

Wt iter to give a toxic concentra-tie .-Rol
zinc chloride and monoamuonium phosphate (without ammonia gas) c+emb natti0% ,.,
however, would give protection against decay, since the zinc, ce0in-ed with
either radical (chloride or monobasic phosphate), is sufficiently Sca lable
to be toxic to wood-destroying fungi ; Furthermore, the twos whO s used
in the treatment, may be combined in all proportions and still obtaiLn a
clear treating solution, thus permitting the selection of a miXture tha t
will give more or less protection against fire and decay, respectively ,
as desired . The principal disadvantage of the treatment would b{e .the
tendency of the compounds to leach under damp conditions, since ttv11h
chemicals are readily soluble .

Other Prc r ising Method 	 of Producing tLhe I nsolublePhosu.ate s

the combinations of chemicals used in the m nesi a p ii.osphate
and zinc phosphate treatments may not give the 16,Q-srt o6pt n 6w. the
greatest fire-retardant effect . In fact, since the starttlag of int:enbnve
tests on these compounds extensive tests have heon made with the dx- d
of magnesia t and zinc, e,ch in combination with . phosphoric acid (No . 6 &A
9 ) Table 2 .) The results indicate that a greater fi .r.,e-retardant effect
and lower costs are obtained per pound of chemical used than when ; ;he

chlorides of magnesium or zinc are combined with monoam'onium phosphate .
The use of the oxides of the metals with acids has the further advantage
of avoiding the formation of chlorides, which might be objectio4g l .e in
use. With the zinc phosphate-ammonium hydroxide treatment (No . 10, Tabl e
2) the use of the oxide of zinc and phosphoric acid will theoreticall y
yield only the highly insoluble zinc ammonium phosphate in the woc ' These
lines of investigation will be felloWed further .
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Men the tests involving oxides were : :trade it was assu e&-
that, in the solution strength necessary to ' ;ive an abortion of 5
pounds of chetai.cal per cubic foot of wood ., the ratio of phosphori c
acid to magnesium oxide must be sufficient to form monobasic in:gnosiurs

	

,.~
phosphate . Subsequent tests indicated that a clear solution could b e
obtained when a considerably larger proportion of magnesium oxide was
used, a procedure that results in the formation of -ore magnesium

	

I
ammonium phosphate in proportion to diammonium phosphate aeon treatment
with ammonia. Actually the proportions of chemicals rcouired theoretic -
ally by the balanced equations need not 'be strictly adhered. to in practice .
A treating solution containing either the zinc or the na,gncsium radical
in the presence of either the phosphate or the arsenate radical must b e
sufficiently acidic to prevent the precipite,tion of the dibasic phosphat e
or arsenate of the metal, but asides from this limitation the proportion s
of the various components may be varied at will . In most of the treat-
ments described in this paper the proportions of chemicals chosen wer e
those that would give the smallest number of produ .ts and at the same
time the highest possible ra eo of in_soluh7 e to . oluble, thus facilitating
the evaluation of the insoluble compounds as fire retardants . It is re-
cognized that these proportions are not necessarily the ideal ones from the
standpoint of cost and practical value .

Magnesium Arsenate Treatment

In the extensive survey a combination of trisodium arsenate ,
arsenic acid, and magnesium chloride, with and without ammonia gas, wa s
used (treatment No . 11, Table 2) . The chemical reaction, when ammonia gas
is used, would theoretically form magnesium ammonium arsenate (IdgNH Aso) ,
ammonium arsenate, and sodium chloride . These compounds were satisfactory
in stopping flaming though they had less effect on glowing . The magnes-
ium arenonium arsenate, comprising about 50 percent of the compounds forme d
in the wood, is ante insoluble. It is inherently extremely toxic, and a
saturated solution, although it contains only a small amount of the chemi-
cal, is toxic to the wood-destroying fungus Forces annosus . It is there -
fore one of those rare compounds that are suite insoluble but at the same
time toxic.

Considering its unusual co;abination of fire resistance, low
solubility, and toxicit .- to fungi, the magnesium aaionium arsenate treat-
ment justifies more intensive investigation .

Solubilities of inorganic and organic compounds . .. Atherton Seidell . Sec-
ond edition, page 395 .
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G	 on Fire-Resistant Wood

Laboratory tests have been made on the gluing properties o f

wood treated with six different chemicals, a:nrecnium chi, ride, ammonium

sulphate, diar,moniun phospheAe . monoammonium phosphate, zinc chloride ,

and a mixtures of about 4o percent borax and 60 percent boric acid .

Birch lumber 1 inch in nominal thickness, selected for density and

freedom from defects, was cut into pieces, 12 inches in length, whic h

were carefully matched so that wood of similar quali cy was used in al l

treatments and as untreated controls . The t, .eeoe were then treated wit h

concentrations of solutions that gave absorp icio of dry ' chemicals from

3 .4 pounds per cubic feet of weed for diam onivln phes-_.Nate to 5 .6 pounds

for ammonium sulphate ; these absorptions had bean found sufficient i n

the fire-tube to keep the loss in weight of specimens down to about 2 5

percent . The rood was dried and conditioned eloe]y after treatmen t

under circumstances that bring untreated wood t ; 6 or 7 percent moistur e

content . The treated p ieces acre then surfaced, glued ; reconditioned ,
cut into test specimens, and the joints tested in shear . The gluing was

done with animal, casein, and vegetable (starch) glues, under a range o f

gluing conditions normal in good factory operations and known from lab -

oratory test to give good joints on untreated wood .

The extent to which the various fire-retardant chemical s
affected the gluing of the treated wood varied with the different glues .

The most interference occurred with casein glues, All the ammonia salt s

and the zinc chloride (in the heavy concentrations used) reduced the

joint strengths to a considerable extent, es pecially with a casein glue
of low alkalinity . With animal and vegetable glues the interference o f

the fire-retardant chemicals Baas less obvious Aumoniumm chloride, how -

ever, showed some interference with the making of good animal glue joint s

and ammonium sulphate and monoammoniam phosphate interfered somewhat wit h

vegetable glue joints when considerable time elapsed between spreading the

glue and pressing . No pronounced interference from the borax and boric -
acid mixture could be found with any of the glues, then h there was appar-
ently slight interference with casein and vegetable glues, The effect s
dSsegibed wets found thi newsy made joints and consequently do net in%1e'a

the effect of the chemicals On the permanence or durability of t al :j Anita.
over a 4.ewg

	

sic Jet- timee

Further Work

The work on c on b matiorris o? chemicals ham, t O

	

• number

of promising leads, which future investigations eafmici 9le

	

, D' '
addition to the combinations specifically describeim t Ao rtp a
others of equal promise can be suggested . Some of the treat noxit:s W .
with in the extensive survey should have more careful study ; particular

attention should be given to treatments of low cost that, give to the woo d

a combination of desirable properties, such as resistance to fire =ai d

decay. Finally, it will be necessary to study carefully the varioua prole

pomqd&ms m4

	

4 ted wood that are important from a use stave o nt,.

I
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Figure 2 .-Loss in weight in fire-tube tests plotted against
absorptions for the treatments shown in Table 2 .
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Figure 2.-Fire resistance .of bo fix-monoammonium phosphat e
ture compared with diammonium phosphate in intensive survey.
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Figure 3.-Fire resistance of magnesium chloride-monoammonium
phosphate mixtures-compared with diammonium phosphate in inten-
sive survey .
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Figure 4.-Fire resistance of magnesium chloride-monosodium
phosphate mixtures compared with diammonlum phosphate in inten-
sive survey.
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phate mixtures compared with diammonium phosphate in intensive
survey.
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