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(Sectioll ol PlwrflJtll'llft'f;f', )WNW1 lust jUt;.' ii!' Seil"mY, /lmJ1:,,{'Wt t: 

All~rRAt'r 

The removal i..'1f f1uorinl.: hy raw h~'nc-meal. pu:dh.;:d hnn~""mt',d 
calcium phosphate ha~ heen studied. It is. :-.ho\\ 11 th~t1 tih' \'~ 
nuorine hv raw bntlc .. n1:cai. puriHcd ht"Hl~Mm\~,tl and t':i\t.'ltHlI 

t.akes pb~(; in tht manfH.'r of Freundlich .;id .... prpti~\n ,,~qthnm 1;',;,' 
adsorption of fluorine is shown to be Ionic. jIl'yt,lhing I hi . .' l" 
t1uoride with the aln:ady adsorbed ani(lJ1~ likc hyiJrlY\idr. 1:;1rhtI1'\.~~C 

phosphate of these sU(hlanccs. 

(S'IRODli("tll" 

[n the first part,' the della have b~eJ1 presented Oil Ow f)l\l(k "I' fe.lel11 'I' b,'\" ,'e1\ 
a solution of sodium fluoride and calcium ()xitic, '>ulphak, l'arhnn,l!~, rI-1,<~ phl'v 
phale, tlnor-apatite and chlor-llrutitc. 1,\ thi, part. the r~"IH' "f" 1\11 ,he' 
mode of reaction between a solution of ~odium fluoride and r~t\\ h~l,nil:wnhicd, PLH"Hu:d 
bonc~mcaI and ca.lcium pho~phatc. Tbe gen(;ral priH.Tdur1,: foHn· .... t>d. ;md !h\~ 

methods of analysis employed 'Ire the sume a, described in the Ii ... ·, i'arl, 

R~Slll..1S 

TIle results are presen ted i 11 Table L 

In Table 1 arC given Ihe data on the mode of reaction between t>!w /)O!lC .. :n",," 
pllrified bone-meal, calcium phosphate and sodium fluoride ,,,hail'H. In tho n:· 
action between bone-meals and sodium fluoride solution. the liquiJ pi",'''' a, 
librium was found to be alkaline, and was found to colltain curboll;ih, .md 
phate. As certain peculiar difficulties were encountered in the :lCClIfa!t c.timJliw1 

of carbonate, the data on the presence of carbonate in the li<luid p!!;lStl :\1'':: ntlt 
included in Table 1. Its presence in the liquid phase is covered by lhe d~turmi!\"'ti<"" 
of the total alkalinity of tbe liquid phase, From the rC1;ults pre",:)!.:,!, it " !1<)tk"J 
that (i) the clear filtrate. in every case, has the same >odium concentration ;l' !!w 
original solution; (ii) the Ii1trale is alkaline, contains phosphorus :Iud ',m,,!! (lu;llHi. 

ties of calcium; (iii) the fluorine concentration of the filtrate is le" than lila,',,!, the 
original solution, indicating tbat fluorine is removed by thesc SUb$(J.llC,"", WIWf) 
the logarithm of the quantity of fluorine removed per gm. of thll ,,:ub$tll!le~ is f'1()tI(~J 
against the logarithm of the concentration of fluorine remain;n!;' in the ~(>lu(i"n ;11 

equilibrium, a straight line relationship is obtained in each case (Fill. J), inciic"til1jI 
that the removal of fluorine by these substances is brought about oy Ihe mcch"ni~!l; 
of adsorption. This i~ supported by the ob$erva\ion tlll~t the qU\\lltit)' of illlt)rim;. 
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TABLE I 

Reaction be/ween roll' bOlle-meal, purified bone-meal, calcium phosphate and sodium fluoride solution 
-"---~~-~--. --------

2 

3 

"4'" 

~ 

~ 

1 

Com~sition of the solution I Compo:;ition of the clear filtrate in mg. per 100 C.c. I Alkalinity in 

sodium 
In mg. per 100 c.c. I terms of ~ /50 

hydroxide· 
Na F (a) I I Na F (b) Ca I PO. as (p) (c.c.) 

00'00 

1O·3a 

21·76 

28·04 

00·98 

76·4.0 

102·00 

127·50 

2·65 
0-35 
0·36 

--00'00 - -I-~I---:;';- OO.OO----~' -
rBM 00·00 00·00 
CP 00·00 00·00 

8·04 ROM I 10·75 0·45 
pBM 10·70 4·59 
CP 10-85 6-20 

17·98 

23·17 

42·12 

63·18 

84-24 

105·30 

RRM 
rUM 
CP 

RUM 
PBM 
CP 

RllM 
PBM 
CP 

RUM 
PBM 
CP 

RnM 
PRM 
CP 

RnM 
PBM 
CP 

22·21 
21·54 
22·12 

29·57 
29·57 
28·97 

52·12 
50·54 
61·98 

79·21 
78·75 
77·12 

104·20 
100·90 
101·00 

130·20 
130·20 
129-90 

8·65 
13·49 
14-44 

12-62 
17·26 
19·15 

26-84 
33-12 
35·65 

42·55 
52-34 
54·76 

59·40 
70-60 
74·84 

77-51 
B8·SS 
93·35 

---'---- -~.---" 

0-38 
0-18 
0-24 

0·20 
0·14 
0-20 

0·20 
0·18 
0·20 

0·20 
0·18 
0·]5 

0·18 
0-14 
0·15 

0·18 
0·09 
0-09 

0·20 
0·09 
O-ll 

0·34 
00-00 
0.39 

1-96 
0·77 
1·12 

2-88 
1-72 
1·47 

3-69 
2·06 
1·79 

6-30 
3-35 
2·71 

8-76 
4-73 
3-59 

n·ls 
5-83 
4·51 

13·69 
7·00 
5·24 

19'.;0 
8·64 
2·06 

25-84 
II·41 
4.91 

27·l! 
12·05 
6-26 

27-90 
14·58 

6-81 

30·34 
15·90 
7.13 

31-D5 
16·75 
8-48 

33·30 
17·45 

9-19 

34-45 
18·65 
9·75 

~ 
'" 
~ 
~ 
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~-

~
~ 
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~ 
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TABLE I-Conlinued & 

Reaction /JftYJ.'een raw bpne·meal, purified bone-meal, calcium pho,'pilale and sodium fluoride solution 

No. 

I 
-, --.-,. -- i 

AlkaHllit 'due .: 1 , " _, 
• t tb J cti F ed Ra.tIo. Remaln~ I rot'll F coae ... {xoomg to OlI a\\H 

F removeD.! ~d ~~OI-~m a", ~e~~lt .. ing}' : 110-j as lP)1 PO c"-" in th(: fiitriltf~ 
(a-J) \ (Total alkaiinity of this Rem;:unmg {T?tal Vhtl:~phat€'1 
(m€',t11.) ",!nm alkaifnii;! reactiott F (mgm.) 11I~~~~~~;:;~)te \-

, 1U the blank) (mgm.) 3 F , l' ' 

I (c.c.) ________ ~_ 

{ Rml OU,OO 00·00 DO·OiJ UI)'(lU 
l)BM 00·00 00·01) 0<1·00 OII·OJI 
Cl' 00·00 00'00 00·00 tht·OO 

2 I<lIhl 8·0\1 0·34 " 2·41 ,:i·tiS g·511 2,41 2·yt. .i .~tJ 
-, 

I'lm 3·% • 2·77 l·(lj ~.!I\J 3·'(,; l-I).l 1 .. 11 
CI' 2·34 : 2·8.1) l·nf-l j.::!(, }·72 I·U-~ 

?' 
!l I<BM 0,48 • 7,61 2,89 tj·;H 2·Gi 2,8~ 

PJ01 4·49 ~·41 ] ,29 .1·20 1. ,~!i l·W 
(:1' 3'04 4·20 ' l,:i~ 1·96 1,,1 1·;>8 

:;: 
'i'.in gc , RBM 10'00 8·40 :],]9 7·~r, 2· It~ B·lD 

l'll~{ 5·91 5 4 94 2·~,u) ::.1,,) 1,j7 ;:>2t. ~ 
". 

(;1' 1·02 ..j·7ti 1·}';1, ~. ~:! 1·5U 1· .... " 
& IHN l:i·!8 lll'~f ~, I~ II, !I; l·S' -Z·12 Ill· ~ I tl 1,H •• !I~ 

! 

Pl;'\1 \}·oo . ; '~6 ~·7Ii /;·:!i 
('1' r,'47 ;,dH l,H:\ 

(; HIl~,! :!!I·tt':f !:!'45 . <,;;: 
I'm! }\).84, " 11 :;dl'i 7·7t; 

~, . .';! 
11,';':1 11 •. ,;.;; 

£'1' 8·42 ,i··it: I:J ,; ;;:. 1'~ .~.,,;! ... ,::t~ 
'i H.I~:tr ~'·M 1:"'\1) . ' :. ~ 

1'1; ~l 1:,,64 ,,·,,1 ::'j r"<~'! 
( i' :'·41l ,·Il 

6 I~ i1.\l :;;·71,1 ll"'; I" '::1:<;7 
~,; • .f.." 

I't;\[ 1';'42 Ill.lli !.",l ~!:.,,: 
( l' 11·115 ;"!-f. ~. '.1 ~ • "'~i j:!. "'<*1 

!{-l'>': 
p II ,.,", 

lUIM Ibu!; b-.H'UldtA'",J ~ I)BM . P.""fd~~d &t)t~'U\'iL> l ~ cr . c'tt..;n::<:f r~l0-~r'!r . .i~-t" 
* Afw.m\uii.} N;'~i:.r",d 'h' h ~~:.!}! ~t1~ .. h'<it~ i"Y..'l;" .. t;.:- !tl 



1·70 

1'SO 

/·30 

1-10 

t: 0·90 

~ 
~ 
~ 0'70 

O'SO 

0'30 

0'10 
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0-0 Raw- hone mea! 
I!>---8PuT'Ii'ied bone mea! 
__ C alciul7I Phosphate. 
")<--t(Hea6ed paw.honefTJea! 
®-GHea!:ed Pur-.>;f'iedbonernea! 
.............. Heated Calcium Phosl'hate. 

o 

-0,70 -0,50 -0,30 -0,10 -J·7 -l'S 
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-/'3 

Fw. 1. FrcundH..:h adsorption isotherm curves for cq: .. dlibria bJt.v~;;:'1 fEW b,),c-:n~:.tl, 

cd bone-mo.tl, calcium phosphate. the corre3ponding heated proiJcts a.ld sojium fi.lor de 
ion. 

'rbed per gm. of the material increases with the concentration of fluorine in 
;elution, and with the period of contact between sodium fluoride solution and 
solid substances till equilibrium conditions are established (Fig. 2). As the 
inal solution and the filtrate have the same sodium concentration, and as the 
)val of fluorine in each case is followed by the production of phosphates and 
Unity in the liltrate, it is adduced that the a:isorption of fluorine is an instance 
mic adsorption, involving the exchange of fiuorine with the adsorbed anions 

a<l 
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-2·8 -2-6 -2-4' -2-2 -2'0 -1,8 -J"f~' -),4 

10./;- C 

FIG. 2. Freund!ich "lI..h,~ rptklll bolhcrm cm\iC~ fM' j"Hlrilif.;',t h\,lnl'·m~'.I~ 
sdution at difrerent time intc;rv:tl~. 

on the solld sub~tancC". It will therefor\! be [h.'l."t; ... ",aI: tn c;..piain i~ml\.: .. ,~ ".!".!:.," 
to assume that bone salt anti calcium phOliphatc ha\'~. nn ~hdf \tllfa""t" .ik~a.d~ 
adsorbed groupt-:o acquired dul'ing the period und proccs ... of fnrmalin-fL dh!i1:.:n:.'. 
·it would be a simple matter to prove, by ordinary m'("thnd:lo l>f .. m:d} I~'" V.dtl'tht.·( ,:1 
particular compound is pure. or ha~ got. on its snrfal'c. (;i.~rtHin wJ"t1rh.:d 
provided thc constitution of thc compound i, firmly c\lahlisil,,(L In<' 
of bone salt and calcium phosphate is not definitely known. H",~d <>n th~ir X·ray 
diffraction studies on calcium phosphates, Hodge and his """date"," 1',,,1 "l:<k.1 that 
'commercial tertiary calcium phosphates'tre probahly hydroxy.apatite with more' (II' 
less adsorbed. phosphate ions to give empiricai fonnuh.c appru<'.:hill~' tile thCO\\.~iic~d. 
Manly and Levy,' and Hodge and associale,," using the radioactive \,,,1<'1><:, t'\'tmd 
that enamel, dentine, hone and hydroxy·apatite. 'when cx!>(,scd ttl Ih. ",lllti"" of 
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sodium phosphate, adsorb phosphate. Thus. it should not be considered irrelevant 
to assume that bone salt and calcium phosphate have cerijan adsorbed anions. 

1\ has been assumed that the production of alkalinity in the filtrate is due \0 

the ionic adsorption of Ollorinc, involving, in the case of calcium phosphate, the 
exchange of already adsorbed hydroxide with fluoride ion, resulting in the formation 
of sodium hydroxide, and involving, in lhe case of bone saIL the exchange of already 
adsorbed hydroxide and carbonate with fluoride ion resulting in the formation of 
sodium hydroxide and carbonate. Based on this assumption, the quantity of fluorine 
removed by exchange with the adsorbed hydroxide and carbonale is calculated from 
the alkalinity of the filtrate, employing the factor, I C.c. of N /50 alkali is equal to 

0'80 

0·75 

0·70 

0·65 

0-60 

0·55 

a-50 

-t 0-45 

<l 
~ 0-40 

~ 0'35 

-0-7 

e'---B Raw hone mea! 
t:.--i!l Pupij!iecl .hone f7?ea! 
--.. Calcium Phosphate_ 
_fleated Calc:iwn P/'osl'/>ate_. 

-0-5 

• 

-0-3 -0-1-2'0 

10SC 

-0'8 -0-5 -0-4 -0'2 

Fw. 3. Freundlich adsorption isotherm curves for equilibria between. raw bone-mel-d. 
purified boo(Nncal, calcium phosphate, heated calcium phosphate and sodium fluoride SOJUti0I1 

(for explanation, ~·ide data given in Tables I & III <md the comments ther~on). 
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O' 38 mgm. of!luori!l~. The alkalinity <,1" the filtlate rd<:rrcd tt' " rite t. 'I,d ,,:!,.!I\!Ht~ 
of the tltrate minus the alkalinity dut: to the ~odium: p!l(h:'l'"';~ (~inlH:d. f "I ~'I:{' 

mgm. of rIH)\plh)nl~. Z'75 c.c. (,If N,'50 sodiurn hyun1,idlt hiJ.\~' h..,'-I:f\ d,,'dn\."(!.:d, 
This figure for the alkalinity of sodium pho,phate \\"1' "htaillcd hI <kl'T!!!!"i"" (h,· 
alkalinity of sl.,)dium phosphate solutioJl of kn{l\Vn t.:(~n,,·cntt\t{i,l!L 1 ih; :.' , 

of the calculated valuc has Ol'cn ploW .. 'u aguins[ tl1t.:" logarithm ,'II' liw t'Oflt't,'\:lr.IT;pn 11; 
fluorine in the iUlratc at c4uilihriuill. 

Straight line relationsbip has been obtained in tach (,.';'Il,l,' {}'I~I" ,!L i la' (d{ .. 'Hl~th·d 

value of fluorine. removed by exchange with tin: tHh.nrhl'd II!" ,\ i olI1d :i;"~\ 

carbonate in the case of bone salt). ha~ bL'<t,'n dtldw.:ll'd t'r'iHH thi.' tlh ... {'nnl •• dtH: of 
total fluorine removed. The logarithm of the n:I1I:11 11 i 11:' nuurilll" n,.'fHt'lh'.$ hll" rn:nl 

1'5 

1·4 

J'2 

1,1 

J·O 

o·g 

~0'8 
!l goG-? 
'" 0·6 

0-0 Raw hone mea! 
~PuJOilied bone meal. 
....-.Calciurn Ph.o$f'h.ate. 
><-><Heated c.alcium Phosf'hate. 

o 

-2'5 

103'(: 
. FIG. 4. FreundUc~ adsorption isotherm C:UTVt".$ tor equilibria. b.:twcen raW oofj~~mt;t~ ... 

pUrified bone.:.meal) calcIUm phosphate! hentc:d cDJcium pho'6-phate and !<l.ccUurr. nU\rtide: M,'JotuUtU\ 
(for explanation. vide data given 'n Tables r & III and the comments In.roon). 
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plotted against the logarithm of the concentration of fluorine in the filtrate at euqi-
librium. Straight line relationship has been obtained in this case also (Fig. 4). 

The ratio of remaining fluorine adsorbed to phosphate. present in the filtrate, 
has been calculated. The ratio varies from 1· 59 to 3· 770. If it is assumed that 
the remaining adsorbed fluorine is removed by exchange with adsorbed phosphorus, 
the ratio. fluorine to phosphorus, 3 F-: PO.,- =c 57/31, will be 1·839. Though there 
is considerable variation in the observed values of the ratio, F: P, it may be mentioned 
that thiS wide variation either represents some unkown course of reaction or it 
arises from the error involved in the determination of fluorine. To prove that 

1·6 

1'5 

/·4 

J'3 

1·/ 

j·O 

0'9 

0·5 

0·3 

0'2 

0·/ 

~ Raw bone nu;,aL 
t.---I!> Pw"jf!;ed bone mea! 
----.... Calciwn Phospha!:e. 
»---..: Heal:ed ,.aw.hone ?neaL 
__ Heated PUT';ftied hone nlea! 

.or-----..\ Heat-ed Calcium phos"hate. 

_~L'8------2~'~6~----2~'-4------2~'2------2~'0~----1~.~8~---~I~.6;-----~lt·4;-

IO/J' C 

FIG. 5. Freundlich adsorption isotherm curves for clIctllated equilibrb b~tween raw b0ne~ 
meal, purified bone-meal, calcium phcsphatc, the corresponding heated pre ducts a:ld sodium 
fluoride solution. 
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the variutioll in tilt noser\'\.;d \a!u~"l i~ du~ \~ry likd:f til the : •. Iti {he 

of estimation (If thl()ril1e, it ha .... bt!l'll a~"unh~J (hat thi.- ;tILdillil;. ~h': ~<~, 
in the flltrau: ha\c bcen dt:tcrmifl ... 'I..l Ohm: aCl'ur;licl~ {!lan tinnnnL .wd t~H' flo"· 

moval of fluorine fakt.::-. placL" partly by L"\chan,lll' with the ,1li"'I,)l'h'd h;. d,r.,)\kh 
abo ~arbon<lt~ in tin: cas\..' of h()l\~ :-.al\}, and par1l~ b:- ':".'-:i':.\l'r',' ,,\It:: ,\d .... ~)rh\:tt 
phosphatL~. and tltl' tl)tat .... IU;1!1t!lY (,lr Huorint' rC'rn(~\,t"d i ... lhl' ... tW1 tillnrbt, r\.'Ohl'\~·d 

bv t!lCSl' two r~actinn<.;. Th'..' (otal qLUl£Hil~ ~lr t1lH'rrltH.: T'vmnH'd h,t ... h..:',;,·p 1.:,d~·~,Lj!l,.'d 

1'l:om thl' alkalinity and pho<..;rilatl: \..'()llcI.;ontratl(lll or tfl(' !i!!fa~~; b~ , flit.' 
factors, one ('.(,.', of N:50 alkali (). :~X mgm. ()f fhH\rin~, and !~ti,,' m,!l1L ,If,", ;\1 .. :, 

I '~G9 mgm. of 11 unri11 t.:. Tht.: I.;akulntcd quantity l)( l1tH}rine f<.:m~n,~'d h '"uh~ 

tracted Cn.H;' the total quantity of nUl)rill~ in tIh,' nril!in:d ·,{1iu/ill!!, I hi: rfw,> 
ohlainL;"d, is rC1J:ard<.'d ~:; OWL 01' tlll,' , • .'~)flcelltrati~H~ {If IlHtJri!H: in EIl,- '-,t~;dt!.I!} "~t 

equilibrium. '-rhe logarithm Cl'J' the eakul;w:cl quantil)' ~)f t1udtltW r\'1';~II- ... r~'~l h.h 
bt:cn pi,)ttcd again:-.t the j(\garithm IJf tilt.' fluoril1~ l.',lnt:\,'mratip'l! .it ;;tiinllhntHll 

(Fig, 5). It is :;t(n that, in this c.:u:\\..'. more r!ottt:d point~ Iii,,' t,1!l ;t qr~:d~'hl than 
in the case of ob~ervC'd values of i1uorine rcmo\'L,'(l. and al ,-,qui!l!)1 r hlh, th~' 

assumption has bl'cn more or l~:-.s l'\pl'rillll'ntall: pro\cd thltt t'H,'lll: .... ill .Hid \"'~~':lhm 
rhosphut~s ~re not rur~ l·OIl1IHilJlld...;. hUl ha\ t', on thdr "';uI' fal.;e .... , ;:dh,'atl;.- .h!,.I'-Hb.~:J 

anions like hydroxide" carbonate and ph\l~pha~\... In p.r~lhabi!H:"" th;: fiJi'\;h":" .;uj .. 
sorption of phQsphah:s hy these t:oollwund:-, takl':-' plal'''-' by tilt: fw.:;;har.hHl n1' \1'11\1:,,' 

adsorption, involviug the exchange of already adsorh.:d h~ dnl:o.hk '''f ~:.lI·h\'mall.' \I:~rh 
pho:-.phatc. Fluorine, in pare replaces the tH.i:-'t)chcd hyJnnhh,' ~Hid ~·drhtndlt,'. 

and in part, the adsorbed phosphatt', Tn ",epar:th: th:d part Pi' tlU{IPth" ~\,illi.'h 
replaces the hydroxide and earbOfl(lte. frcm1 the p:trl. whkh rCl'b,,," 11:,' ,", ..• ,," .': 
or to so modify the: l'ornpolllld thut tht' l'~lIltwal or fhu)riLiL' fake l , pl~\i.'~' h~ dther 
of these reactions only \vould naturally he a step further in Ihl..' ~O\I'~·:'tIP':;Il.l: 

lication of th¢ above hypoth<.'~i!l. Variolls ml-.thnd,,, haH' h('"t:n trkd h) .h'fw:\'i: tf~h 
end, and the onc" lhat ha~ hCt:'Il found u:,d\d, i:-. lbat fI"O,juirili),' HI\.: hC.din~ ~',f 1h~' 

compound at 50D' C. in a muflh: furnat'e for ab,)ut :0 mill. I{,,'I bcm"'''H~"l. 
purified. bone-meal and calcium rho~phatr w~rc he.ncJ in a mutflt..' furn'!t:t,' nlf 

30 min. The compounds were analysed before and aftcr heat in)!. /h,' ,br" art.' 
given in Table [I. 

1 t will be seen that the culciunl; pllO\ph()rll~ r;;t{iu 1;-. tilt.' ;..anlt~ ufrcr hl,':1 ~in~ ;!"'i. 

before it. indicating that no I"" <>1' phospi1orus has taken place dllri!lll Ih~ ,-'mTW 
of heating, and that the change, if any, in the adsorptive propl.:fti,-", uf iilt;,'" "·Pfll!)"ll1hi" 

is not due to the loss of the mineral complemenl of [h" compound but dll. l" the 
change in its es:::;enHal :-.tructurc. 

The heated compounds were shaken with ,,)diull'l tluoridc "otuti,,!! of tlifl"rcm 
concentratiolls, and the resulls ohtained arc prescnted in Tnhlc III. 

It will be seen that, in the case of nlW bOlle-meal and purilicd h,mc·'nw,,1. th~ 
filtrate does not contain any pho,phllruS but is highly "lkaiillc. WII;I\ challg~, 
the bone salt h~s undergone during the course of heating is ditficult lO "lV in the 
absence of data regarding the initial constitution of bOlle salt. Fro\ll lh~e 1M> in 



J. 

2. 

.1. 

4. 

5. 

The Mechanism of Fluorine Removal by Calcium Salts-If 55 

TABLE II 

Im'·c/ of' heating at 500" C. on the composition of row bone-meal, purified 
hone-meal and calcium phosphate 

Period 
of heating 

(min.) 

Percentage 
loss in 
weight 

Percentage 
phosphorus 
after heating 

Percentage 
phosphorus 

corrected for 
percentage 

loss in weight 

._----_._------------
Raw bone-meal 15 30·14 16·72 1l·68 
Purified bone-meal 15 2·56 16·39 15 ·97 
Calcium phosphate 15 1·80 16·30 16·01 

Raw bone-meal 30 30·58 16·75 11·62 
Purified bone-meal 30 2·62 16·32 15·96 
Calcium phosphate 30 1·94 16·35 16·03 

Raw bone-meal 45 30·61 16·82 11·67 
Purified bone-meal 45 2·70 16·92 16·46 
Calcium phosphate 45 2·\0 16·42 16·07 

Raw bone-meal 60 30·81 16·45 11-38 
Purified bone-meal 60 2·70 16·75 16·29 
Calcium phosphate 60 2· 12 16·52 16·17 

Raw bone-meal 75 30·54 16·56 1l·24 
Purified bone-meal 75 2·92 16·21 15·76 
Calcium phosphate 75 2·22 16·55 16·78 

Per(;cntage phOSPdOfLlS in unheated sampI~: 

Raw bone-meal .. 11 ·68 
Purified bone-meat 15 '94 
Calciun' p ,osphat. 15 '97 

weight, and no loss in the mineral complement of the bone, it may be inferred that 
the reaction must be intramolecular, taking place inside the compound itself. Accord
ing to Hodge and associates,' when calcium phosphate is precipitated from 
the solution rich in phosphate, many multipolar phosphate ions are drawn around 
the tiny crystals, and the precipitate consequently contains an excess of phosphate. 
Upon ignition, there may be a reaction between the excess phosphate and the crystal 
of hydroxyl apatite, producing the ,B-Ca,PzO, in amounts, limited only by the amount 
of excess phosphate. 

The filtrate from heated calcium phosphate contains phosphate, and is alka
line. It will be observed that fluorine has been adsorbed by all the three heated 
compounds. As the filtrate and the original solution have the same sodium con
cenlrations, the adsorption of fluorine is ionic, involving the exchange of fluorine 



TABLE III 

Reaction between healed raw bone-meal, purified bOlle-meal, c(1lcium pho.lphale (111</ sodium filloritie .Iohllioll 

COOlpG!-,:tion of t\u~ d<::al" filtrate in m,Wn. pI';. ... JOO Composition of the i-olution 
in mgm. per 100 e.e. 

No. 1--------
Ka I I'(a) 

01)0(10 00-00 
(Pure 11,0) 

[8·2~ lfi·IlS 

36·il2 ~O'16 

4 54·-;8 4';1·24-

5 -::;'.h'll (.0·'32 

91·:ll> ';[)·4'l1 

IlR]l)1 
Hl'H;! 
HCr 

II RlI;l 
!l~h}! 
ilL!" 

lIRl )! 
HPD! 
Jh'P 

1$·]0 
lh·43 
b<·ll 

3';·21 
{;,;·lH 
:i-;'·.,!:'? 

;"t!i.t·2 
.",::;.!_a 
1.:-,-i,t 

-;.~,·lH 

";·1- .~ 

;4"~:. 

:", •• :;H 
~~~ •. " 1 
':'j~;' -:..: 

BRS\'! Ut:3.t,,-J t.t"'" b .. ,:.'C'~nt:~~:: Uft\!H H-;:-!~;. ... ; i~A.l~~,~ 

[!{)·ou 
n!)·!~} 

OtJ·IjU 

l!·:iS 
13·'4 
1::·.&8 

4:;·,"!-t 

:'::·Cd 
,'".\', 
_~ .. :; '~4 

>'I~,:"'H 

:~~ .. -:; 

H' P iL: ,.: 1 

t'a 

2·-t~ 

{i.!ltl 

B·2\ 
u·:.H 
IJ'~;I 

I>.'~. 

Ii. ):~ 

\,-:; .. 

pn{, a.:-> (£>,1 

On-IlU 

UH~IlH 

i'II.!J11 

2·';(1 

V'!>!.,/ 
~\'~.H,~ 

:!. ~~::; 

hlolll 

:{.j!' 

i~~'<lfi 

::.:;;., 

·1·'R 
3·;2 
2';)I! 

1::-,.:,; 
U·f.2 
,1'!Jl 

17 

it·!."; 

"1,;,; 
1(,,:-,.', 

i;.H::! 

~:<:l 

;2~ . '. 

v. 
0> 

~ 

;r. 
<: 
~ 
~ 
;... 

:!: 



TABLE III-Continued 

Reaelion between healed raw bOlle-llleal. purified bOf/e-meal, calcium phosphate lfl1d sodiumjluoride solution 

~o. 

RRBM 
RPB\! 
Hep 

HRHM 
RPB,l 
HCP 

RRBM 
HPH111 
Hep 

4 HR1M 
HPloM 
lIep 

5 Hlum 
HPBM 
HCP 

HREM 
HI'LM 
HCP. 

· 
F r<:-mn\-ed 

(,,-b) 
(mgm.) 

00·00 
00·00 
00·00 

3·50 
1·74 
2·20 

0·20 
3·59 
2'69 

7·10 
5·14 
3·24 

7·72 
6·87 
4·48 

g·50 
6·/2 
5·37 

Alkalini'Y due 
to {he r..-acliol} F lemovtd 

:\'ar' :'\i:lOH . as a n::~u\t 
{Total a1ka hity of thlS re-
mn.71s iil ... alinity action 

in the I,lank) (mgm.) 
(e.c) 

oo·no 00·00 
00·00 00·00 
00·00 00·00 

7-95 3·02 
5· 0 2·24 
2·61 1·00 

12·59 4·78 
2·45 3.30 
2·85 ]·08 

Ir.g9 0·4) 
13·08 4'97 
3·;2 ]·41 

20·43 7·76 
14·G8 5·58 

4·0.1 1·53 

23·45 8.91 
17-1)3 8·47 
4·20 1·60 

Remuining 
l' 

(mgm.) 

00·00 
OO·UO 
00·00 

D·48 
-0·50 

1·20 

0·42 
-0·01 

1·61 

0·65 
0·17 
]·83 

-0·04 
0·29 
2·95 

-0·41 
o·:n 
3·71 

1·30 

1·41 

1·32 

1·83 

1·95 

3·02 
2·2-1 
1·00 

4·78 
3·60 
)·U8 

6·45 
4·97 
)·41 

7·76 
5·58 
1·33 

8·91 
6··;7 
1·60 

00·00 
00·00 

1'09 

00·00 
00·01) 
2·09 

00·00 
00·00 

2,53 

00·00 
OIJ·OO 
2·96 

00·00 
00·00 

3·55 

8·91 
6'47 
5·15 

HRBM = Heated raw bone-meal; HPBM = Heated purified bClne-meal ~ I-iCP = Heated calrium phosphate. 

T-luorine 
re;nuved 
(ohsened 

mb,m,) 

3·50 
1·74 
2·20 

6·20 
3-<')9 
2·('9 

7·10 
5·14 
3·24 

7·02 
5·87 
4·48 

8·50 
G·72 
5·37 

;;l 
" 
~ 
~ 
§l 
~. 

c;, 
2! 
§ 

5' 
0> 

~ 
C 

~ 
~ 

D ;:;-
~. 

fq 

r 
l::) 

VI 
--.J 
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with the adsorbed hydrox.iu\." and ;.:arhmwtc in the (,'a'lt' \'11 1'a ...... md 1Hlnilt'ii hj\~"~" 

meal. and \vith till' ati'l\)l"hl"d hydr()\id..- ~lnd pho:-.phat .... · HI trw 1,',.\.,(' ·pt ~".tl,'ii;:m, l"1hl'''''' 

phatc. The quantity oftlurdin .. : ad.,orht:d in ~Hi.:h 1,.':."-.\' ha .. h",Tn <.·.)JrH:.!l~·d ~I~'W 1;n' 
alkalinity and phosphat!: c~lI1ccntration nr thl..' li!!ra!,,' Iii ! 11 .. ' m.l11',lft ll~dh .\1-'\! ·dw;~, ~" 

and the calculated nl.inc..:, ha\t: ht:ttl, ..:.imi!arI). llj",~:'illlhl:,,,." pL,'n~td d,~"1nh; iii\." 

calculated \:.lIUI:S of t1uorinc ~~t l'qtdlihriulll, /\.., \',ith Unh1.'.1tt:t1 1.'1'ipp,'t1~jd" l t ~L 

so \\lith the hl!aLt!d "mes. mor~ point'-! ha\~ o!"'cn f\!ll!1(,t ttl lIt' tql .1 '·a.l'i'fli l!l,H; 

in the- case of obscrv(!d nduc:-.. Thu .... hy till;.. ,miliiriooai \,'\ fdt";H.:l,~, n ! tH1!:;,'i ;'i{t;, ~"d 

that the ads()rption nf tlUi.lrillt.: hy I':IW ht)IH.·~ml'a1. pllrillt'd ht~nt'~ml(,',il ,,",!'\nml 

phosphate invtllv(!s thl! n:pla(.'em~nt of thl.' ad"'llrht:d anl(llh hkl' L~t,h:, I\hk, ~',H'· 

bonate and l'ho,phak with -fluorine" and tha!_ ,)f, heuli"g Ill,' , .""1 ( 
for half an hour. the ~H.ls,orption of fiuorillc. in tht,,' C'I~'l.' \~f r.tV,.' .md Plltlh:d l,{,tl,,~ 

meal, tak0S place by the l't:.:placcnit.!llt nf ad"l,)rht:u h~(lrd\;\!. ,Hid LH~1~'!1,ill" 

From the rcs.u1ts pn.!!it:l1ted in tlw for<:guing tahic .. , il h~~"', h~" .. '~~ ph.\,t ',,,~d :h,!,j, 
in no ca~c. sodium froJl't ~()djum nw)rioc ,,(,llution ha ... ht'l.'ll ,td"drhn~ t'" .. f',fI,.'Io h,\~'t" 

meal, pllril1('d b()n~-rn~al and calduUl plw'phat('. I hi, i, m !lm:,l n.,./l"",1 
the Hndings of Hodge nnti his a~:-Ioda1L'''\>:t wllP nb ...... ~nt·u ~IHiL nJlI."n ~'\pp"'~'d i~\ 

Socliurn ('(if/('('t]tfatiml in !ht' hcgillilillg ami at the l,tJd of 1!1( 1~'tJ, fCdfJ 

Sodium in mgm. S"diu!I\ illlll!\m. 
No_ per 100 e.c. of !h~ per aXl,·.c. 

original sO[utitHl of th, !il!r"t~ 
' .. ~-' .. -.. '~. 

~o\H)() RBM 211·3 
I'BM cD'!1 
CP 211 -_, 

2 411\·00 RIlM .. .'0'1 
PBM 426·n 
CP 4:11-{) 

3 627-00 RBM MIl·I 
PBM 635-() 
Cl' (>37·2 

4 836-00 RBM H43·2 
PBM !!J6-X 
CP il43·;: 

1045-00 RBM 1022-0 
PBM 1025-0 
CP 1035·0 

RBM = Raw bone-moal; PBM = Purified bone-meat; CP .. > Calcium ph'hpha!t. 
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solutions of sodium chloride, containing the radioactive isotope Na", samples of 
powdered apatite, bone, dentine and enamel picked up sodium in a manner that 
could be exprcsscd by the Freundlich adsorption equation. It was thought that this 
disagreement in lhe results might be due to the fact that comparatively more dilute 
solutions of sodium, and Ie" accurate methods for the estimation of sodium, have 
been employed ill this case than those employed by Hodge and his associates. 
Radioactive sodium was estimated by Hodge by the usual Geiger Counter method, 
whereas sodium, in this case, was estimated either calorimetrically or gravimetri
cally, in both cases, precipitating sodium with ·zinc-uranium-acetate reagent. 
Bearing this in mind, largcr concentrations of sodium fluoride were employed for 
studying the reaction between sodium fluoride solution and bone-meals and cal
cium phosphate, and sodium was estimated gravimetrically. 

The values of sodium in thc beginning and at the end of the reaction from one 
set of experiments are given in Table IV. 

It will be seen that there is some scatter in the values of sodium at the end oi' 
the reaction. Bearing in mind that not more than 7 mgm. of sodium can be esti
mated by the method employed, the variation in the results is not regarded of any 
significance. The smallness of the quantity of sodium that call be estimated 
accurately, will necessitate the employment of a very small aliquot of the Illtrate 
for sodium estimation, and any error in the actual esLilnation of sodium~ in the 
final computation of the results, will be multiplied by 100 or even by 200 times. 
The conclusions already arrived at therefore stand furlher confirmed. 

DISCUSSION 

Calcium oxide and calcium sulphate remove fluorine from aqueous solution 
by the process of double decomposition between the dissolved sulphate or oxide and 
the soluble fluoride. For the complete removal of fluorine by such procedure, 
the solubility of Ihe precipitated calcium fluoride is the limiting factor. Rock 
phosphate, chlorapatite and fluorapatite, in spite of being akin to calcium 
phosphate and bone salt in the placement of principal molecular lattices, do not 
show any fluorine removing property. When present in very small concentrations, 
fluorine is not removed by calcium carbonate. However, ca1ciurl1 carbonate does 
remove fluorine from its aqueous solution, when it is present in sufficiently large 
concentration, in a manner tbat, approximately, call be mathematically expressed 
by the Freundlich adsorption isotherm, such an adsorption of fluorine by calcium 
carbonate differs from any normal adsorption in the following ways: (i) the 
adsorption does not take place when fluorine is present in very low concentration; 
(ii) the percentage of fluorine adsorbed increases with the increasing concentration 
of fluorine. 

Raw bone-meal, purified bone-meal and calcium phosphate remove fluorine, 
from its aqueous wlution, by (he process of ionic adsorption, involving the exchange 
of fluorine with the anions like hydroxide, carbonate and phosphate. The concen
tration of sodium in all cases has been found to be the same in the solution before 
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and after u&.;orption. Hodge and Hs~{)datcs.:! working ~Hl ~hl' HfdtH't.,' I'll' OK' HI~ 
soluble sodium oC bnnt.!'. and with radimH:th-e ~odium, found th.tt ... ttthum \\"b 

sorbed by bone. hydroxy upatite. dentine llnd e!lamd, ,md Ihal b,\l1c. "!,,,'h /" 
contains ahout 2 mgm. of :-H~ditlm lwr g.m., i.." capahk f,)f l~t~in;! ah"ut ."! film"' .. tll!'> 
quantity from a 3 fV1 sodium ehlnrid~ ;o.\)imi(H1. l'::\plaininjl Uw n1t\'h.tni..,m I,f .h'~ 
sorption of s{)dium hy bonC'. the tlutlh)rS first sllgg~~h.'(..t till; f~~lhl\\ inti h\ t' n~\.: .. :h.~ .. 
nisms: 0) Na:!;l marked \vith N'Il~n ~x-changc:~ with Na~~' or \\ith dlht'f '1:.tt\t~:h nt 
Na !l.4 preferentially cxchangt.!''s with Na~:l. atHJ thu~ gh.l'~ a fi.tI..,t: rah' f,f '\: .• i I HH'iH~\"\'r 

or (ii) sodium (IS sodium chloride is ad, orbed ", a !l1\lk~tlk A~\'t\!'dl!lr II' Iii·: 

authors. the nn~t mc(';hunisrn was not likt .. ly to take plao:. and h\ iH\C~tipl!h' ~!w 
possibility of the occurrence of the st.!t;ond, (!t1(tmd "<ample", ht'nH't,: .md an~·r e\, 
po~ure to 3 M ,odium chlMide ,,,Iulion, were un,lIy.wd fur ~hl.'ridc ",\11\':"!. Ill' 
fore exposure, the enamel ~amplc, contained (),(»S mg,m. (If rid"",," p,~r H~i ,,,!:m. 
of the sample. After c'l""ure. the samples contained n-:ul mgm. "I d,ll'rlll<, 
per 100 mgm. of the :.:amplc. The incrc:tts~~ ~tft¢r l.:\Pll"'I[l~·. Ct)rrr'v.pPlh,h ~\,! .thtiut 
2·8 mgm. of chloride per gm. of enamel. whicil, a, ".\limn dll('rklc. "\til,Id he 
accompanied by 1·8 mgm. of sodium. Enamel. under the", ""ndilin!h. l\,,, I,th':' 

up about 14 mgm. of sodi'lm per !1m. The adsorption "I' nll,kcuial' ,odium dlh,ri,h' 
can account for only one-eighth of the total, i.e., nearly the anWlI!1! I ~ Ii!~m. ,,1' ,,,JiWIl 
per gm. of bone) usually present in the bon~ III vil'''. In ,·"'b·:,!';,,",, v IIw ,mlll"f
suggested that the exchange of sodium from solution with <ltlwr ,:"ltpn' .. r Ih~ 
calcified tissues might be the mechanism of adsorption "r ,odium. I k\\ ~\('f. n" 
evidence has bcen presented to support this h) I'"tlh";'. nor. ",diu!!l, ill tile 
case, has been found to be udsorbed from a ",llJli\l1l "l' ,,,dium llunmk f •• V. 

or purificd bone-meal, calcium phosphates, rock ph')Splmh:, I1tl<!f· al1<1 d!i"l"' 
apatites. 

One fact that emerges clear from (he results prO,ell!"\!. is that Ill,' h<>llt' ,ait 
and calcium phosphate huve adsorbed anitlns like h~"r,',i\k ~afh(ln:ilc ,md ph",· 
phate. This is partially supported by the X-ray diffraction ,ludic, "I' Hod!,:" and 
associates' on the constitution of tertiary calcium phosphate" Aec<>rdiult h' them. 
the commercial tertiary calcium phosphates are prohat>ly l1ydwxy I ap.Hire, · ... ill! 
more or less adsorbed phosphate jons~ rt!"~u1ting: in I.'rnpiri ... .'~tl fl)n0l11.t" .q';lr,),!\ lii::;' 

the theoretical values for calcium phosphate. The (lbscrvatio!l of Gabriel." n!il. 
firmed by Logan,' that bone. wet ashed, contains an exccss of 6 per cenl. b:hk ",er 
acidic equivalents, can be ex.plained on the basis of bone p""c"illl: u(h,\rb~d 
hydroxide. Bone salt and calcium phosphate can thu~ be expected to cquilibrme 
the concentration of adsorbed anions with the concenlration of the,,,, (If tither 
anions in the surrounding medium. Such a behaviour has been rccofdcll !\,r <'~i. 
cium phosphate in vitro,' and for bone salt in vivo.'''''' Thus. it may h~ ,luted thai 
bone salt or calcium phosphate is not a single chemical entity. The bOlle \ult seenh 
to be composed of two parts: the one, that is in immcdial~ equilibrium "ith the 
body fluids, and whose composition is determined by the wm!,."i!;,,,, of the liquid 
phase. may be termed the labile part; and the other, which is relatively milch less 
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affecled by the composition of the liquid phase, may be termed the non-labile part. 
The labile part of the bone has the adsorbed hydroxide, carbonate and phosphate, 
and probably other anions. and according to Hodge and associates,S also adsorbed 
cations like sodium. 

The author wishes to thank Prof. M. S. Thacker, Director, Indian Institute of 
Science. for his keen interest in the work. 
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