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Due to the largt.. lllass of ruateiC.ia.1 whi eh has been 
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and arranging of all the available data. on the other plaa.see . 
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·· r;tll;h~$*, or aluet~, tu ofttt• liat,ed q $ 

"~ •~t. tko~ it P,lr{)-~'bly is •~1t• u.'b•dat. u tl1e 

60ilh"t fj~t (H4) ~ ~¥ :C1f tlle tain()'lf mtt\@lu th t 

••· ·Ol!"41~~ily· ~t;ui&ider,.:d. ~at~.~ ilt:~mon .. $\O,t'r.,!f(Un£ \,() 

J ,.n .L. v·ost ( 1.s1) Mtw~•» 0. 01 •« 0 .• 001,: f>i' t.he eJi:t..iJt·it· 

1it~$}lh~l;~e i& :sa:tl.11•. 
?.».~;re, :to l"E?e.BG'n to th;bllt ·~t thfj ~Utfll:na 

a&mf.tti:B' ... ei$ 't1''$'1}€U."t•:d. in ~('tek ~·~Y•CUt~ (10) {IV) •6l.Y ~.~ pt11.l"tl7 

B•r7llii'im *td~ ~ not .. bt!l~n $$pn:t.~t$.4 trmn th~ al.~~a. 

'.Beatyllb•. l6 a eomon ~~ce:~Uk\O:l")" ht .pep$o:tlt., -.. i .n&.t J.8 

- ·t:ftdt (GI) (108) ill ~ pe$t nw:abel1' fit p~.it.e lik& ar'ooks 

.-<\ t«> ,~ ,~l a.~ent !:rt "lq., ~l&te, ~d .a1.;c;1a selliet, 
b1 t~ tortll •t $1U.it!~t.~~"" Gili~U,lltfUh: p!1te.J.'lte:ts.e-~ b~Jt~t$fh: 

et.~ .. l\l$~7l !s the chi•f t110tUt'C,$ et the eletll~i:tt u4 ie fo~d 

i n.-a.tarq, ~ the o;n;Ic)~ %OC:t~1u4 be'r,lrlli.ws o~e •. 

i~ d..eme:nt ~ -1aG \l({-en 110<\~d bi &tJ~ n~tun:l 

w~tl,$1!\l'" moNui1°r@: a~d ~4 Q.l~inouJi!I. me'ld•t$ ... It i• 

,u1" ~r:~~le that it. \l'Ollld hu:"~' ._eo» toUfl,d mo.~$: .tt"equ~at.ly 

1:n ~u~ JI. .fillal.Y~i,a Ur th~~e ~ol'.& •er~ cd.tmtPle metit~tl ef 

1u~p.~mt.i1~~ t't"o~ 1\lwnitiiUJn . ., »tu.7lli~ !'Et v~rt7 seld~.m 

lortkcd :fo;,r :t,u.·· (letert'll.inetl in ~ !p1,11eu-a Jte~lc' :~t11.lyul.~ . 

ll~i"'yllJum ~ecc~p~iea Altm!l,n:inu ia -tM ,;tegulo .ee.he$e 

:Qf ·•'.J;a.lYlt1~ ~d iiWill bG o~im.ted !. \li'i~ ei'l,e:D$nt. if no( 



det.ee:ted and its wnotmt deducted . 
I 

The ·quant.i tative determinat ion of the Beryl lium 

eont.ent in beryl .and similar beryllium ores i:s usually 

ae.oompli·ehe-d by mea.ns o.f the. most 1i:a.ineta.king and a.t the 

ea.me time most unreli e.b1-e operations . The difficulties 

enco.unt.er.e·d in the analysis .of raw beryl may be appreciated 

if it i .s conaide~ed how small a percentage o-f Deryllium 

is contained in the beryllium o.re. Theoretically, beryl 

-co.rre.sponda. to· the .formula 3B·eO .A,l20~ . 6Si02• This eom-

pe.ai tion .corl'esponda theoretic ally to a content of 13.9% 

BeO; 19% Al~~ and 6?'% sio 2 • Practically, the Beryllium 
.-. 

content of beryl is even less . Nature does not furnish 

ua a compound adhe ring to the hard and f aet :formula set 

forth . In the majority 0f eases. the BeO content of the 

mineral is between about 9· and 11% BeO . In a.ddi ti on to 

Al2'>:3 and S 1021 FeO , or F e203 are present. 'F requei".l:tly 

smaller amaunte of zro2 , lib2P3, CaO , MgO , Mno 2 and other·s 

are present . it is thus seen that there are present in this 

ore a mixtu.re of component elements, the separation of which 

is very difficult analytically, and the quantitative det-

ermination of which often baffles the ana:lytio.a1 ·chemist .• 

A few of the large number of proposed ;proceedures 

will be mentioned, and some · of the better known a.nd more 

promising methods .;,il.l he diecue•ed in acme detail. 





I Boiling !QI! ,2£ ,Np.OH, 

In l '798, \'e~uquelin { l ( 15) ( 9'7)(1 ?~) f' irst 

Separa.t.ed Bery. 1uro from. Alum1nitun by pretipitating tbe 

l~eryllium fro;m •l 'boiling solution of KOR . Thiel method 

was alao used by G;me .ion (16)(28)(27}(36)(104)(175) in 

1840,, but eho'WTI to be if. .nac.eu.rate 1by zimme!'mann (112) 

(139)(199)(213) in 188? , but again :rev1.ve.d in 1911 by 

/Under aJ'td Child ( 19)( 54) and in 192! by Britton (12) ( 63) 

and mentioned in re"V!~WS· in 186~ li>:Y Joy (fl.)(44}(:+0S)( .l _21} 

(151) (165); and. in 1931 by .. :ravers and Sobnoutka (8:3) (128}; 

and bl: 1932 by ' rese:nius and F:rommes (209). 

Rritton .deacribes experiments which were :per• 

f 'orn:ied (12)(6~) t.o alrCftrta.in the best conditions for 

precipitating :Be(OH )2 by Na.OB' without pl"eoipitating Al(OH}~ 

The results $how th~t golutiona containing not more than 

Q .• s grams of Beo 0Jld 'O . 4 Sllat:n.s ,o.f Al~;s should be evapo11at.ed 

to about 25 cc,, brought to r0om temperature and ea.refully 

treated with 611 Na.OJ} until thE\ :p;-ecipitate just ;rediaaolvee . 

Then,, after .diluting to 500 oo the Beryll ium may b.e pre-

oipi tated by boiling 40 minutes . The Be(OH )2 precipitate 

must be filtered .':tmt.edie..tely, 'bui+ned and weighed a.a neo . 
Aluminium .may he preoi:pitated f~oln the a cidified filtrate 

with !IB40H • 



' 

, 

II po il,ing !""R.t.OJI 

l?repa;re a nearly n.·eu·tric-il HCL o.r H:tm3 solution 

containing Beryllium as the only eubstanoe prea:tp i table 

by NH4oH. Slowly add im4oH unt i l 1n very slight exce·ee . 

Bo il 1 - 2 minu t es , i-.tdd a little mecerated paper , aiid 

filter . Transf.•r ~e tnueh of the pr·e.t'.l! p1tate ae :poe1'ible 

to the Paver by :tins ing with hot 2% eolution of Mn4No~,. 

pJid by, thorough scrubbing . ..., over tlie funnel and wi th0ut 

delay die.solve any p:reei;pit b1.t e et1okine: to the walls of 

the beaker in a ve'J:y l .i ttle hot dilute :mm~; ; heat to 

boiling and p~eoi:pitate as befor'e .. Filter thtoug.b the 

1a.tne p.per .o.tid wash thoroughl.y with the Iffi~NO~ ~olution . 

I I I !!!! . .!?! NR4C l 

The Beri&elius method (whioh depends on the r ·aot 

that the H- ion conoent:r ati.on to di esolve J3e(OH)2 ia fc:n·· 

med by boiling NH4c1 5olution but not enough to dissolve 

~Al(OH)~)) was reoormnended by '.eerer1 (3)(25)(31 ){106 ) (119) 

( 149 }( 160) in 1854 1 considered accl.tl'a.te by Joy ( 44H108) 

( 1 21)( 151)(165 ) in 186~, used by· 1a.tza (46 )(110)( 122). 

(143)(15S)(l62)(l64)(i74) ( l 80} (194)(195)( 2l6) in 1869, 
but ooneidered ina.ccu1n~ite by Penfi eld and na.~per (4) (38 ) 

(107) ( 111) in 1886; ·Brit ton ( 12)(55} i n 1922 , cqnsidered 

quali t at fve te e ts encouraging, br~ . u_anti ta ti v e tests ,show 

that two hours boiling is no t enotigh to dieeolve. all of 

2 



the :Be( OB)~ au.apendt.Hi in 200· cc of til&turated NH4c1 eolntJ.on. 

w·· •. mdel:' 11.nd 'V•nger { De ) £;,et eatfl!sfaotory :rree~lti if at least 

500 c~ of -wv~ter h i u~ad n ext:r:r.at1cn of a. 5 g-ra:m melt .af 
.. 

l:ariiG01t and O. P, t;tr a.tns J..1~ ) • r.;. •1 -- a <t.; 

!V ~ ase .!! U'NA) 2ft 

Thia zneth0cd, d.i$Cc\V :red by S ehe~-er (30) (34) (35) 

(105)(1ltl){l46 ) fn 1842, has found $Ome favor in the steel 

industry ,et the Wiesbaden lab<n:-ti toriee {?6)(90) {209) .tor 
the separation of Be and Fe , but has no·t been generally 

aooepted fer mineral alla't.yeee , The reeul te are low ( 58) 

( 203) when t he ao!irtfon ie boiling, but preeipi tat ion ie 

oompletie in tho cold. It apparently }?;ae no .ad.vantage over 
,, 

th~ nH4pn .method . 

V !J EH~ !!!. ~1a':S0 4 

Derthior (21)(25)(117](141] in 1B43 1 used 
( iTJI4) 2S03 to ae:par~te Al and. Be by bo,iling unti.l n<> mo.r ,e 

S02 tum~:a oome off. The prode·S$ d~:pende on the faot that 

the H·iOns o.f a ~teak e:olution of H2S03 from which no l!lore 

so~ een be $xpe·lied by bo!l:i.n!g i~ eufficient to kee:p l3ce 

f f.Jll1' in sl)lu·d on, but preci:p'i t a tet.$ Al (OH) 3.• 'the :proce:ss 

was no-t found to give .goad se1)Fa' tions whe:n teated by 

:sottine;er (22)1 1 W eeren ' (3)(2~)(3l)(l06)(ll9)(l49}.(16.0); 

and by · Joy ( 5) ( 44)( 108) ( 121)( 151)( l6fi l • 



VI lJse .!.! !l~2S2'f z 
Gl·atJsman ( 40) ( 61) in 190'7 tre.e,.ted. a. $lightly 

acid. $o1ution of Es. ~ and Al aal te with an excess of t he 

~eagent and heated to boiling. Ra claimed the ,AltuninurJJt 

wa1:1 preofpitated completely ~s the hyd,1·ex:ide while the 

:Be'Pyllium r:emai.ins in solution .. 'l'h .. e io the .e:ame n:ietho·d 

as :p:roJH>se>d by Ber.thl~rr· {21)\25)(117)(147) in 1845.t and 

di1casded. b7 Bott tnger ( 22) 1.n 1844. Jt as also merit i oned 

by Joy (5]{44)(108){12l)( l5l)(l65) and Zimmermann (112) 

(139)(199){213). ln 1908; Friqdhem (40)(5:3} claJJned that 

Al(OH)3, sulfur, basic Al2{s.04)3., and Al~03h~· The 

lia2s203' method of Chane -1 ( 126} vnl-e found to give high 

Al~O:r, and lo• BeO v$.lues by Britton {13}(65) . 

V!I , -q.,~- 91. ,.(lff14U{Y'tPA 
Rossl.e:t (48}(98l(ll4)(l38){lJ54-}(l56)(196} in 

18?8. ueed (1lH4) 3l'04 in a neutral solut1~n buffered with 

RH4C l in the pr .eeence- of oitrie acid to remove ema.11 

Slll-G un ts of Al Uli'linua •. 

Attempts to t.l-eterl'J?ha-} :Beryllium a.e :Be 2P207 as 

fo't Mg , Zll; 'm, etc vrere not s~ good, "in.ee the J3e 2.P207 

~s not formed as a h omogeneous aom:pound.. A eome.what mod:t -
! 

fied proeeedu~e give ff. h• reN1lts .. 

To 250 ac of cold beryll h1m ,-, eolution conta.ird.ng 

.5 ... 10 grams of '.PlH4 sa.1 t per O. 5 grams of ·e:x:pected Be2l?207· 



a..d.d .eonuentl:"e;ted ~rn4oM antfl the solution .is b.a.elQ ift.o 

Methyl He,<!l (:PR ~l~ 6 . 3). the·n a.dd 1-l . :3 g.ta.ms tl'f (1Wf4J2HP04 

and tttake· jt~et &Oi{l (pH 4 . 2} to Methyl Red. . He.at on the 

w tat6l' bath \nit.fl t h e amo:rJ;,hirus ;93;'eeipitet0 ·<>f Ba '(OH)~ 

ha:a ch~,nged to eryti'italine B·e:N1141)04~1:20 . cool and de¢ailt 

th:t'oU~h a filter and ·¥Ya.sh with l ;Z im:vo~ sclutio:n made 

lk 1 4 t 11[.,,,t.h"'rl· r""~ vd. th <t:Jll:.tOH lgni te and wei.gh . a · -a ine ·o iii. "; ·· .,. ""'"" · v · * . ... -,. . . • 

I:f the· solution oo -;nta.lttu;d l'I3l?·o·, originally, 

the llW()eipi tate p:redueed by adding 1Ui40H at the eta.rt will 

be Belffl4P04 inatea.d ot 1'~· (0H )2 and all tba.t ia ne cessary 

fQ"I! the precip.itation of' a. normal :se:mI4l104 ls t o :pr-0• 

duc·fl the proper concentrat ion of H• i<>ns ae outlined 

Vlll 
Jl.eryllium can be sepa;rated fr,orn. the cer iu:m g:x'-0up 

by preo ip it.at ion o:f the ii;;t.tte:r with a eatura.ted s.olut i en 

o'f' K2B 0 4 or :ma.2S04 . 'i'.be elemente. of t he cerlum eub•g:roup 

· -Lanthanum, cerium. ptfll;seodytniu.m, :rueodytnium,, illium a:t1d 

~ aaa.:rium,..-are p:i:·eoip·iteiit ed: a s <lo1fble· a:ulf.atea {134)(136) 

{188) a.:ftiu• st amiint; at lee.lilt t welve houre . 

Wande:r. ~.nd Wengeir ( 2(1)4} olaime« t.hat on protracted 

fua ion with l~a2co5 at a: high teinpel'CA:ture and: tiXtraction of 

the melt Wi th cold~ \~at~r the Be l .. em~i11 s qttlUlti t .atively 

ln the resi due with tron, tit~miu:tn and t.he l ike, while 



/ 

chromium, phosphorus and most of a.ny silica and alumina. 

go intn solution , Stock, Vra.etoritis and Priees had nQ 

euecese with the method . 

Deryll.ium. lla.Y be· separation from t he Yt t rhtm. 

group by :precipitation with oxalic a c id in a. o . 5 M HCl 

solution of the ehloPidee . 

Xl 12- Qhloroaniline 

This reagent is used to remove 'l'i from the 

t wJoe preoipita,ted. 111e - .Al ... 'f~ ·Be et~ . hydroxide preeipita,te 

obta.1n~d in t .he usual manner . Ft.lee the precipitate with 

Na2C0 3 and lea ch with water . The :residue will contain Be 

and Ti . Dissolve i n Rel and separate tho bulk of t he Ti 

from Be by the :Na.HC03 treatment of :Parsons and Bar nes . 

Then in v1ew o:f the i.u::.alr'.f Sodium con t ent , pree i pi t at:e 

wtth iUf40H. Dissolve the ;p·:teci piti.:\.te i n HCl and carry 

out the chl'oroa.niline p:ceei p i t ·don . 

If ar1 .HCl solution of '1' i J 14 end BeCl2 ( 5- 10 

mg . neutralized with !i H40JI Qnt i.l a. turb id a ppeare.nce is 

obtained and then tre at,ed . rl th l. - 1.'5 g of p .. e:hloro .a.n iline , 

e.11 ·of tr"1e r t, &n d no Be will be prec5.pit[;l ted. by hoffllng 

three mimutsa . 

0 . 5 trig of Ti 2 • 

Jn th is way excellent r~sul te were obt~.in~d in the 



analysis cf a eynthet:ic mixture of about 25 ·mg each of 

XI Oxime 

Aluminium may he rapidly separated ( 62) from 

Beryllium by use of oxime . Treat tln E:olution of B(' arid 

Al salts ( contaJir1in; not ,no:ro tlla11 o.l gr;lm 0if either ax.ide 

in. 100 cc) with o:.:d~ue in a.oeti a ci 1i s olu ti on at 50.-600 

Add 2!T aa,etiQ aci" till a ;ie:.u4a.'1~n. i pr-ceJ. p ita.te ie, obtained, 

then add 20 ... 25 cc in exo~sa . li'ilter &nd w~a.'1 with c ol d 

water ., dry 120- 140° and ·weigh ea ( C9l!60lJ.iriAl.. In the 

fil trat;e prec~pi tate Be by addinf; MB4<:II , tilter :tg:rti t.e , 

and •e igh. as }3o0 . 

XI I ~yl A.!E<>h_oJ: 

.l(N0 3}~ hi e·ompletely insoluble in amyl alcohol 

whfl,e Jle(N0:3} 2 under t 'he same cond.i tiona 1113 soluble . 

:st-oWltitte ~,nd. ru:z.irian ( 56) d.evelo:ped a method fox pre· 

the tendeney of th .. Al preCl1 i t ~te to ine_lude Ti e even after 

\,leveral t\t'ea,tments the 1!!lethod has not yet beon found s atie ... 

facto.ry fer the tuantitative determination of A.l and Ile . 

Xlll 

Klinc.i; and Gel in ( 59} in 1914 used a method d.epend-

ing on the volatility of the basic acetate O·f Beryllium 

7 



or ba-eic aeetate·e of Al and Fe a.re n.onvolat i le under these 

condi t ione . .c ... -ecip:tt.ate all th:::ee e1 ei.nents as hyd;roxidea 

b.y ll"H40H. diaso1-ve in HNO;t; t ·ev~70 ·.::a.ttt t ·o d 'jll10sa in , . boat 

ano. treat th6 :rei~id: iJ \llf'i th ~o·etio e\Cic\, exJ,)elJ. .in.g the eKoess 

in an air b t1.th. He· t. the :ree idue of acetals ·t :reduced 

;pre~sul'e { l9lm)1) in :i. eu' :rent q·f uoet i c :Jtc .tl Yt=l'por,. i'i r~t 

a.t ll30 ... 1'70<> tor f ou:r ho re, . .nd 11 nR .ly at 2000 for one 

Tta:Vers ~md s.ohnou -tka ( 8:i) · }'1.lention ( 128) a method 

~\:IV .Amines 
~-... ...._.._ .. 

Dimeth.yl amine preei :?:i te.tes Ee and Ye ( 49)( 99) 

(197) ff'Om s. eoluticm of alts ,,. .,. , white :precipitate 

insoluble in excee.s . The reci :p i t1J1t.e from Al eal ts is a 

soluble in xcee reagent . 

aoe-urate quantitative meH o4 fo l.' tbP. e para.ti o:.1 of TI:e 

from Al by U$e bf :M:ethjrl; ~thyl, •.1 i-'met.hyl , o·r Di-ethyl 

he so l ut ion of Bt:: and Al .a;- d ieeolved in 



The :preo ipi tr1t0d 13s ( OTI) 2 11a oa..r af 1lly w~ehed ~d Alwn!n i Nln 

det"0rmined in tl1 • filtr<:.!.tc . 

To a .f3Qlu.tlon containing not Ii.1o t· ~ than o . 1 arame 

of Al~0 \3 or 0 . 25 ,r ·rJM, o! He , ad~ .. ~o ce of 1rn4. t1S>:rtar.ate 

sol tuion,. :pre])ared -oy dili$Dlving 42 . 5 gxr. ;-'Jo of ttl.~·tal"1e 

acid 111 water, s.dd.LY -0rwL<.g 1 ff:I40!l to ma.k'= the solution 

11Cfutral to :tnetbyl red w'ld dil tin.~ tt3 two li ·~~r& . The 

purpose .of the tart&rE:l>tl? is to prevent the ;pr~cipit.~ition 

Qf 1\.lumtnium. H' t 1:e o:r-tg i111.1.l a-\>l 1i.tion ao:n.t .ained a:ppr.eeiabl• 

qu.ant itiae of &Jt'lil.onium s · lt, add. 5 cc o:f· 40% formP..li n and 

enough 3!J .:la.CH to m,;};;e t 11t1 solution a lkcl ine to phenolph-
-· 

thal ien: . Thia .:1 rvee to aonvert 111117, to ( cn2) l!T,t, • £Ster 

this~ me.Ji:e t .1e 1~ 01.utien f'eJ.ntl · ac i d tu methyl 7:',ed and. add 

150 oc of 4;t: guW'.IJ.d.t:ne ,o.r'boni .te . 01u1~to (aa)(93)(123 )( 124} 

'(l"5}, t,,r Yrell and dilnte to 250 cc . After 12:• 24 hours 

r 1tt!ir and wash l : i th a tn! xture o:f 50 cc of the tartarate 

solution, 150 cc of th guanidine e luticm and 2 . 5 co of 

tllf~ 40% forrn<$lin. I£nite .na.. :w.ei.gh i.,e Bee . The t-earults 

XVI 
·' 

Clusssn ( 50)(100)( 1 59 )(198 ) in 1881 . ee.pa.ra.ted 
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Fe, Al• a.nd Be by electt-:olys:is of arn1ttonium QXQ.lat& f':O .lution. . 

Th~ tron was ?"!!duced, th.e Aluntit.Jum p~ec .ipita.ted by ue~· f!> f 

a $ttronger ear;r~nt., ,a.?:> a, hydro.xidej by th~ hru'.4}200~ pr<>• 

d,tt'Ced:; antl the :s.e wae l.eft in solution . The meth()d hllJll 

n-ot 1t'NHl:l'l ad.opted fO'Ji' qlilanti ta:tive detEf.!1IDlU&t:ionf:'!) . 

XVI! 

Of e.~ieting .ttdel•Q·ana.lytioal methods the )?Q•ta..ssit.un 

o~a.J.at e ( :tecornmeJJ.ded by Beht'ens ( 11.:5 H 2.00 ), ht l:S'l) 1 e 

pt<oba"bly the moat eatiefactoryi, Und~r ce.irtaip eend.i ti0ns 

the chl<U'¢Pl·atinit znethG.d $$ aa.tist'.aatory. Y-cM:ah<>n ( l.69) 

says t 'hat the doubl(~ -$alt B\tK2{S0 4) 2 . 2H20 is verr charac:ter• 

i stic •. · :Booth-e and Jl~~y ( 95) ( 145) in: 1932 :PrOJ3o.sed t'\'fo new 

methods ( 1) the u&e of :.Potassium l(llaJ.onate in a aixn1 ltt.l' 

manner to that for Potaseiuin 0:${&.late; ( 2} the use of the 

a eo-nf i:tmat.ory teat. 

XVIll s pe<l~~!l·§SJ:ap)1iQ Dets::rnhuri-.~ i~:t~ 

The spe.et.;egraphic deteQtion ( 711( l .90 ) ot' Be in 

Catbon &rCHll· w.~$ studied w:tth a Ueiger E ... l qtt.6iX-tz. s:peetrogrt1>p1 . 

The :eeiative ee1leit5.veness o.f' dU'.f'eront linee "Waa dett1rmine-d 

, ; 

dJ.ffer-ent oionQen.trv.t.ior1e t tU"Jil t he h 1f lue.noe· n:t fo:te ign 

mai1:eriale en the een~. i tivtity wns i n·v ij t1gated. by m!lX:in~ the 
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origHia.1 '$UP$t i.noe a with t>i~2, .1.. 203 .; cae, and Ua.200:; . 

'l'h12 ri!Ol<lt ~eneit:i:91e Be line ia at 23:48 ... 62 AU and the next 

at·e at il30 .42 and 3131..06 AU . It appears that O .00001% 

by we i ght :Q.! J3,e iu :..120~ ~ay reuli: y be detected by thi$ 

methctt . •11he addi ion o!.' l ~ge ci;ll'.lo u.n t s o'f · . .11\:o.l.i r ed.uee$ 

the ~e'l1a itivity . l t iB· ahlalloi· t.han with the or:J.gh .•• l 

material, but net so low ae v: 'th aU~8J.:i; addition. 

The epec t.rog.raphic et .. o i f or ~ e taQ . on a.Pd est• 

imation of traoee of :WU1, l:lg, va.1 J.5;,;. t ~i , .U , ~l, sm.~ Gd, 

}.ri , La, Leh and y·i; have be·ea1 <.iemous .-; ;ra.'t-ed { 171.) 12 . ) l>y 

Belwood. 

XIX !f i tro@<>·:a-Haptf.~ 

(;'i ohlier ( 101)( 115)( 158)( 201)( ,211) gi vee deta il.j f~r 

the ana.l.ysie o.f a inixtu.ro o,f e B.tld Bee by p:rec i.pi tat tng 

the Fe t.ii th 1 i troErn ... B- n&pthol, , r,.d say s t na.t it it, th beet 

inethed of remov'i ng tho ... a.s t t1•a.oes of Fil l:' :rom Be . 

~ a:paux { 62)( l~?} in 1 ~ used t:ii s re~ent to 

e euarate lf'e f1•om 'tile BG precip 1 t a.eel , 1f :!hu ch ... e ~.. ori• 

g i:ne:il l y pre sent in tl e ewrple . 

XX Ta.rinin 

'he eeparatitm ( 67)(170 ) i a eff'ec t ed v1hen t annin 

ia add,ed to a d5.lute soh1tion m ntai~ing considerable, 

l• 



NJI40Ac,. AlUJninium is precipitated qu.an t i trt tively but 

1l 'r Jlllum rertlt%.ins in solut!Ql1 . ]~or the aapaS!\tion and. 

d.etection of Aluminium by this rea.ation it ie neoeseary 

that 'b.otl1 elem¢il ta 113hould "b~ pres ent as s.ulf a t.e. TQ. the 

e,oi c" aolutioll ro ntain i ng aoout O . 1 gram Pl 0-:f. Al, add 

ho t water til l the I vo1wn~ i s a.bout 500 cc. To the 

dilt:tted ec>lUtion add qui.ckly a $elu.tion(elear} of lffi40AO 

and tannin wh ioh has been lieated to· 80'0 c. To p:rep.e.X'e the 

!1H40Ac solution . ~ft,er the addition of the reagent, bQil 

the e-0 l ution for t v10 minutes and filter . If lese: than 

Q .o.6 g%' ll?1s of Al is present ., a paper f il te:r ie recommended 

but ctlierwise , sirat.ffred glass :filtering oru.eible la better . 

Ignite th.a precipitate and wei.gll .as Al20~, In the filt rate 

destr:oy the organi,o matter by heating with 1rno.$• Precipi -

t ate tl1e Be( OH } ~ with :r.m4on and weigh a.a Beo . The results 

are f a1rly good , but :Se ie somewh~t 1.ow. 

Ludwig, ~oser, and Ferdinand! (70)(172 ) indiea.te 

tha.t t he me tho d of the f ormation of the corn:ple~ ion of :Be 

with tannin may b e us.ed to, separate lle from Fe , ll.}J", Ti, 

zr, Th, and W .as well ,a.a Al . 

XXI {} ~hydro:xyguinoline 
! / I / 

Hilld c ombi ,n•e ( 84} ( 1.31) the Par.eons, trea.trAent 

)Yi th Na.l:ICO~ :followed b y precipita tion'' of Al wi th 8 - hycf:roxi -

quinol ,ine for sepa.r;at ing Al and 1'.,e from :Be , This method 
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wae f'irst propo,1n1d by Nieqn·er (69}(20'7 ). ThttrnwaJ.d (84) 

{168 ) and l? ileher axid Schneider (167} Su tl'1e mi ,oroanalysie 

of Be ei li aa te r <),cks removed Al by u.se of this res.gent . 

Pr epare {4:3} a solution ro ntaining n.o mor than 

•• l. grams of Al 0 
' ~ an<! l .. 2 dr ops of' mineral acid per 100 

:C.Q • w.arm the solution to 5-0- 60° c. and add an ~qual "IOlUJne 

fo11owia4 ... 

Dis$01ve enough :powdered a ... ydroxiquinel:i.r1-e in 2ll ac-0 tio 

acid to farm a 6% solution . A eo l'it ion eo ..,i:epa;red ean be 

kept for ·sevetal week• , lo~ of whi ,oh wil.l pr ecipi t ate 

o . 0.0~7 ,e;ranH3 ?f Al o:r 0 11 005-1 grame of, A1~o3 • Alcoht.>lic 
I 

solutions of t he reagent ate undesdrabl e: beoa:uae of th0 

solubil ity of a luminium quinclate in alcobol . 

in <n:·der tc.1 insure oo.:1:<rplete preoip :l.ta.t i ott. Le t settle. 

filter through as'oe s to:s, £- ass frit~ o~ po.:roue porc@la. in 

and W~i:Bh the prec1pi tate with cold: Wt;,:J.te:;:·.. Dry a t ).20 -1400 

G. and w.e i gh ra.s l(09:H50!T )3 wh i oh ontains 11 .10;:; of .. 1 20 :5 . 

X.Xll 

13e a.nd 1 AL w.ere a.epa:rait,A<.t by means of the insol-

ubility tr>f Al.Cl~ . 6U2'> and the eolu'bility of Becl2 i n ether 
_, 

and water (l:l) satura_ted with H l gas by ia~ens ( 2} in 

1897. It wae tee,ted and found fa.irl.y accurate by Bl"i tton 



{ 12) { 63·) in 1922 , and used by Churchill .1 £>'ridt;es, and 

Lee (&8.) ( 130) in 1:9JO . 

T.e reeover the la,,et traces of De. Fhn.::her ( 75) 

( S6 )( .185) found it b;est to dJ.ssolv. the k 1Cl:3 . 6R20 preeipi t -

a t.a in n2o and repeat. the .v:reci p i tu.t i on vi th ether and ICl. 

Acet.yl Chlorido b. · been uo.ad a:; a sin:ple wi.;.y 

oi' .f.u;vtui' ~ ting a. uo:Lutd.on w.i tll. HC l { ao.etone d.imbtish .s t he 

violence of the reaction} to ~eil$.I ·te S.e ~d.A).. ~B· chlo~!de :s 

( '?) ( 3) ( 60) ( 61) • Bec aus e of the ali~ht soiubil i t - of 

·· eel.., the !mixtu1•e of BeC l2· and. Al.Cl o.t sl'umld not exceed. . ,<;> ..:> 

. l5 grams i n weight ~r1d sho~id Qon tain teea than 1/3 :BeCl2 . 

A d<)ubl·e- p,r¢ci;>itu.tio:n ;ie req1dJJed and e·ven th•:n Al20! 

t onds to e ·..:rry dqwn BeO • 

{.l2) Obtain the Al in ¢ HC l e~lution and fre e from alkali 

salts , ' Va;porate t h ... solut ion to· as small volume a~ 

wil.l atill k~ep· t.he s u1 ta tn sol ut i on , say, 5-:,lO ee . 

Cool . add. enough HCl to gt"ing. the volume t o 10- 25 cc a.nd 

saturate the 150luti on with l181 · hile oooled to a temJ,HiJr a • 

ture below 15° c . Ad.d a volume of ether e<J. u ·l t0 t he 

volume of i iquic~, and age.in .Pase in gaseous HCl into t h e 

cooled saturated. eolution unt il it is saturated. . At the 

ea.me time prepa1're ~ ~aep.ing aolut;ion, c·ompo e.ed .of equal parts 

f RC l d t i,.. d + t i i.. " i ~ · 0 o .· . all · e uer an · sa, ... .ur. e, ed wt.1.1 HC ... u.t 15 c . J ilter 
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a.fte.r 1 t has been cooled by the passage of a 11 ttle of 

the wash ing liquid through it . If the l>rec:tpita.te is te> 

be ignited ancl weighed direetly use a. cruoibl..e that has 

been tared after washing and igniting ae in the method. . 

Va.ah the preci:pi tate lfith the cold washing solution until 

toreign salts are removed . If the P•eeipitate is not to 

be ignited directly, d.le.solve the e&lt in dilute HC l and 

tteat the solution as may be neo:-ess .~y for repreeip:itation 

{75)(85)(185} or for J>l'eoipit~ ion with lifH.t,OH. If the 

preoi:pi tate ie to be converted to Al20~ and weighed, cover 

the chloride with a thin layer o.f pure ( asl1letta) HgO to 

prevent meehanlcal laf!a; heat gently until hydroly$is· haa 

ta.ken· place, ·then raie:·~ the· tempe.ratu:re: te &xpel r:nerouric 

chloride and exoese o::idde., al'ld f ina.lly ign1 te a t 1000· 

1100° O. and w.eigh as iU20:5. 

The BeO m&1 be precipitza.ted [J.•·om. the HC l•ether 

solution. 

XX.IV }! a2CO 3 ~.1 £'1fC 0 .3 method 

Ill 1798 Vauqu,elin (1)(15)(97)(173) sugg.ested 

the use of (llH4 )2(.!03 in the separation of :Be and Al . In 

l S59 Hofmeister (Z3)(150){163)(176} proposed a number of 

fl"aetional preeipitatiene to l!Pemova all of the Al from the 
~ ~ 

:Be , 'but this method was not co nsidered very eatief.a..cto:ry 

Joy (5)(,4}(108)(121) (151)(165}. some Be was always l:eft 
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wit.h the Al(OH)~ and a litt).e Al remains in s0clution. 

Hart ( 13:3). Cau.md that Na.200,3 p:reci:pi tated nearly all of 

the Al{ OH)~ but Britton ( 12) ~how:ed. that the p:t'ecipitation 

·was far from coni.plete. On. the other hand the metr;.Qd. 0r 
~epa.r.ation proposed by 3?:arsonf? and Bar1ies ( 52)(132)( 140} 

( 1"17} which is bae·ed. on theuae of NaHCO~ gives very goed 

:resulttl. Ril l .a (s.9).{l~l) 4.ons;iders t .he Par.sons ad :Barnes 

·treatment with NaHC03 to be the best method for determining 

JJ.eryllium in. or·es. This method i ;s discu.saed in detail later . 

XXIV Q.Uinaltg-artn 

T~ ·us~ of qu.ina.li;arin (l-2-5-8 tet'.l'ahydroxi· 

anthraquinone) for the dete~:tion { 82)( 84)(.92)( 168}{ 179)(182) 

and determina.tion ( 185} of 'ber·yl.lium in .small amounts is 

quite sensitive . For a rapi.d te.st of :Be in a m. i neral: -

l. ..1: use o .1 gl"am.s of the f i.nely JH.lwde'!"ttd subet.anoe with 

o gr.am 1of Ma0!1 in an iron orncible fer fiy.e minutes . 

2. Cool and pla.oe in ice w.at·er aJ'ld a , piece of ice in the 

orucibl·Eh 

3. Loos.en the cake with a stout nickel spatula. and 
b:reak wi.th a heave stirring rod. 

4. Filter and dilut.e to 30co. 

5 . By a;d.d.i t ion,1 of, aeid I f n:e-cessary make a portion. of 

the so,lution about .33!4" llao!i . 
6 . All 12 dra.ps of 0.01% quinaliza:rtn. in 96% alcohol . 
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'1~ . Run: a u,blank• t ;est el.so,,, ,adding only the r:eagent.s. 

Beryllium oause~ a pure blue solution :td:dle 

the :reageflts a.lone give a vlolet-rea color . Aluminium 

does n~t interfere •.. but phosphorus .,. tartara.te., iron: anti 

Magnes,ium «la . ti. A$ little ~is -0 . 01% Ee can be det.e,"C.te,d 

in a .0 . l gram sronple . 

s .mal.l q:ua.nti ties a·,f :Beryllium can be {ietermined 

( 66)(186) 'by preoipi tatlon a.a the water insoluble Be· .... dye 

by .addition of ,excess of alllmon.la.cal ~uinali&a,:r ,in solut.ion . 

'ri~e Be- dye is eentr:ifuged q;ff and. determined coiorme·tr!.edly. 

Small .axncmnt,s 0 1f Be ean be titrated directly a.nii. the end 

po·int observed by the co-lor c:ha.r~e p:r,od:uce.d by exceaa 
.. 

quirla.lize.rln . One mole of quinal-1.z~.J-in u.ni tes· with 2 

mole :of Be . 

, i 
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Notos on the ltl'·eoipita.tion of Be ae Be(OH}2 and weighing 
.~$ BeO. 

:Berylliwn is nearly always p:reaij)i tated a.s the 

J,1yd.r0;xide l)e ( OM)~ ·and w~.ighe.d -s the o;ii;ide :BeO . The 

order of preeh~itation ·(65)(141) or the hydrolid.des was 

etud.ied 'by gradual ly adding dilute alkali hydro:&ide and 

tneaeu.Jting the pH. when Pl!"eeipitation t ook place • 

.. 

.. 
Al(OH) :5 begins ta precipitate at a pH of 4.1 
Be(OH}2 begins to precip itate a.t a pH of ·5 .7 

llritt.on and Ger;m:am ( .86)(142) t it.rat·ed 0 .02 

Deso 4 with o.04'5 N N~n using a. qui:nhydrone el.eotr6d$ and 
" 

eon:f i:rming the pJt velu!i!i with & H-2 electrode . T.hey re-

ported· a val iie of :pH 5 .69 f ·o.r · the pr~cipito.tion ot De ( OH) 2 • 

A g·ela.tinous ;pr~c i:pitate of :Be(OR):? formed i n 

the presence of :Na'F' may ye.il.d B~·o t}ont s,.ining ~5% adsorbed 

1aJr , but by heating the suspended precipita te in the 

mother liquor at aoo with a r ,eflu.x c0n d.enn0r a:ttached , 

1 the preoi}l itate becomes iees gela tinous and mor:e cryst• 

aline with. t h e result tha t only o.5% of N$F wl:ll be found 

in. ·&hia ignited. BeO. The 5 elati:nGUfii hydl"oix.ide$ of F·e t A.1.;. 

c:r. Ti, et .. o, oan be s e:pa:r.ated :more efficiently f~om. the 

hyd:roxid.es of t he bivalent m.e tale if t he p:rec5..pi t•s are 

aged before filtering . Heating th.·e solution :p.rodtt'Oes 

artifioial ag.in~ . , Uow~ver• metastable eryataline :Be(OH)'3 

1$ forme .· !r·om the amorpbous ecmpound even on a,g il:le; under 

cold water (74)(189) 



To etu4y f arthe:r the asing of Be( OH) .~ t he 

dieleot.~io eonstants and a cmtgenoe;i·a:phic me:a.surett1ente on 

the fl& hfdra.tea {>f ~. in relati on to tizhe were plotted 

by n.a:v~met.adt and J?:riqke (?4)(189 ). Th~ inore~"'.e h1 the 

flieleetr ic oo.nstant coiB.oid.es with the ·$P.Peara.n~e of ~ 

~tystal.ine structure, and this increase gQet:;; throttgh a 

mlilJCime vri th :h1.oreaaing l)·:voer$es of erystalliz<tti on . 

J\tttQ~phous e~b&t a.neet1> ~waye show a d.eo~eaae in dieleot:r iQ 

eon .sta.nt with tir.:e . The etudie.e show th~lt ther _ i s a def ... 

intte m.orpho1og i eal. alteration in tll6 hy-d.roscid( pe.rtie1es . 

l:I<Fwever. t he ps.rtiole ai~.(110 of BeO ·ools me~surod ({;l) (1~4) 
•' 

'by m.eani €If the L? l tJ•at.ni o~oscope, d:;id n·ot. che.nge V"; :ith ~A~ll 

time ever a. p.(; r iod ef 12•168 hours even t hough kept (1t a 

tempe:eatur:e of 80°. Tho ltather 15.rgo 6l:~rel'ae;e meE!Xl aize 

of lt>5. 5?./' for a .ou.bio odgQ w"1la obtained. 

Hutt ig an Mytya.ek ( 76}( 192 ) fo und f r eshly 

precip:i t a ted Be( 011} g to he COfJJ,pletely aJnorphnu::ii; only 

af t..er long aging doe$ 1 t ehov a.~ x- ray pattern . Jheo l'~ ­

p~ecipi t a.ted f ront a l>Ia OU aolu t ion, or by dige a t ing with: 

l:lH40H a tHl drying, it shows o. mol!"e defJnite pattern of 

:J~(OH) 2 • By dehydr .ttt!on and ignition the Be(OE) e ehows 

the patt<,n·n .of Boo .• 

It has b~en found 0.8}.( Bl. ) t .hat 13e0 .. ll20 lotu~e 

no H~ UJ:1 to l.9d0 . , 't ·190 ... two' th.,re ia a short indu¢tion 

pe:r:l .a., follov ed at 200° by a. l'aJ?id deoom1·}osi t on ~d ·less 

o,f BG% Qf the H~ present .. Between 2.20 and 100° t t<e rest 



o,f the H20 is remo..-.,d . This i s H:eO of adsorption and 

tl1i,s pa.rt of tho curve is not reversible . For each max-

:imum t~unpe:ratu;re lli.t which the eubatanoe waa l1eated there 

was obta ined an ~ds0:x-ption eur ve which showed that. tl1e 

higher the teLtiperatu:re the lee$ the a,d.aorption fer ,a; 

given temp.e rature . Thie can be e:Kplained onl y by a ehange 

in the phye ica1 •·ta.te t by polym.eriza.tion . BeO when heated 

a.lone doee no t :polymerize and i t .s mtate of polymerization 

B·eO .H~ Ol'HH! dehydrd,ted cannot o fornied aga in. 

The mos_t e_ui t able temperatur~_ for hea.t ing :BeO 

in quaatitt;ttive an~lyi:;da wa.a found; by !!lEhU'ls o-:t a. tl1ermo-

, a.lance (68)(1:37) , 't a 'be ab<:.,Ye 950.0 c,. 
Double or tr:ipple prec j_pi t .tionH o,,. tl~ hydroxi de 

must be made· when ncn1 - vola;tile sa.lt13 s u e i as Nacl •'ir e 

ptese:nt . •rhe )?reci ).1.tate t(l)nde to st ick to the walls of 

t _he· vessel a.rid raust be ree© vered after tl<J.e re1nova.l of n1ost 

ot the precipitate •. by die ~s:olving it in a.a littl e aeid. as 

possibl e ruid 1·eprecipitating with NI:I40H . 

Where poesible Ber ylli 1m analyses. should be 

oarr:ie.d. out in pl a,tinium war e . 

:Beryllittm :hydroxide ls ~ppr-eeiably soluble in 

pui-e w·a.ter , a.n~ it i e therefore neQ.es aaty te -w aah it \¥ 1th 
j r • / < 

wat.er containing an eleotrolyt~, pl'ef ere.bly !IB4N0:3 . 

The o:xi ci~e is lightly hygroscopic. t"..Dd r.hou!d be 



$O~led then weigiled in n orucibl~ with a well ti ttin~ lid . 

El':tfr·s &,J;e n.e~llgibi• wt th thit:J E.1C t11od if e. good diaeiC~'llt 

.hi li1$~·d end. weigl1in,ge n1a-4e ;rapidly. Ji~or ·•~Pl•·• a ieell 

eove:r~d. J. <r:rtl·~ible C<.H'ltJ11niM Q ., ;J.021. P~ll. of f.~tU. t•d. ! eO 

ehc:tt1e.d$0 ~Pll·:tecfable ob.angg in we!gl'.tt in five 1ninutes on 

tl1e 'bal$;tl0:~ ;pan. but tJ,t4ined e . 0012 gJr·ain hi five :mintrtet'J on 

tb~ llu~lan~.e pan wlu,n u.n.<Mlve~~d. 

An ~xi de i~n:t t•ui at. l20:Q0 c :iJS lese bydrotscopi4 
" .......... 

• than <)rut 1EJni t~4 at "s·10• c • 
' 

.Te1i1~k: and '.K eil t.. ( so ) ( 123 ). olaim. ths.t Rydl!'~z ine 
\ ....., .. ,,, .. 

cmrboc:t}fi,t& )lgs adv~tage• (!.·Yet" w , on o~ Om4) 2003 a~ a pre• 

Oil'>i tan't !t>t Be( 011) 1l o:t :Bf~b~t:1io•Oal!'bcmit.e ,, tn the..t the 

prec~)i tate 1$ le~.s ·slimey ~(l less a.oluble i n f!!l'i,gh.t. 

excess ot th~ }?l'~oip~;ta.nt... To 100 QG t>.f the eoluti0n Q()n. ... 

t ainini$ ne-t ·~Ver 0 .. 1 grr~l~ 0c,f Be ih lOOco1 ~d!.d 5 g:t~ t>f' 

NH4IO~ ~d wihile 'boiling a ~liiht eueas ( '2•S) c ·e ot 
hydrt:tz :hae e~rl.H)J'i,at~ eolutior,i . ., All(~W th~ p:re~i;p .i tat@ to 

'stal?td \w() hour's• filten:- a,nd w~sh with 10 . l-l•O/~ ID!4!f03 

eol\\tititt made n~ut1'1al to Meth1l R~d. . Ignitfb and weigh e.e 

.t:ttempte tt> J :re1.dpi t~te i3e:rylllum 'by lt~allf of 

l'lHitnylbyl\:ra.-t'rl~ tUi.tbo.naw Pl'~lJ~ed 'by bubbling co2 through 

~ l!lixtu:re of we.tar e,nd Jlu:m1l. Z1yd;ra.-,in..,, were n,0tt 

veJJy ~neou~~ingi. - ' 





.DEOOllPOB 11' IO 

:Ee.ryll un1 oo t~i 1ing nti ner~a a:ta ·. ~ua11.y deot 

01uposed \ 32) by ·a. f i ·ion rr.e thod . Fodi un ~ar'bonnte, or 

p-0taf5$ium ( a~dd.) sulf.t. te are !iH.1>t ir- f netory . About. lO (§X'atnl.1 

of Ma~O~ is needed fo·r f union of a .. 5 r em ~am11le 1 ~d the 

full temp. ·a:·citure of ti blaat lo;m;p eho-i,1ld be mei.int a i.ne 

lved in dilute Hc1, HN03, o:r; ! ~so_, d©pend:ing on t he nature 

of the p·"ef<:il'I'EH'.t re l~ent . lf the:ro lt5 ~vide110e of 1noompl·e te 

deeo1n10osi :~ ior1 of the :5al1J? 1 e, f 'il ta of f the , nsol.'ttbl m$.tter 

fu~e wi~li il.fiS 04 ; · nd: d isfrrll"fe t ·· e .elt 1n the or-t._,inal. 

sQh.lti,on be.fQt'e ;prooeedlti i) with tJ e l:mal yei · • 

It i 1t1 t rue the .. t ev.en the a o-0ve descr ibed ~ thod 

The pr~ .. otiee qf the produ.at:ton of Bal"ylliutn 

IU.U t ·e h as 9hoi9n that t h ere fa atill a fur th ~ r !JOS!iribi li ty 

Of Q :r ~:::;; id alld · U~tit~ttive decm:trapCa,1 t ion O'f th€! 'l).eryl.litnn 

:mir1e:ra.1. whiah is ~.ttstly .u).>e :r i oa tO' tht: met:hod described , 

in mMy reapects . ThEt t:ransfor'Jnfl.tiot~ of the eer~r-iliut)t 



silhui\e ;co.nt~ine4 in beryl intc ~ e1aa~.ly w~ter sc0luble 

compountt. i I: l"emlelt"ed. po () i ble by me.ans o·f'' a de,e:0rnpo.15 it ion 

of the 111iner~1l. with :E1odium .. eilio0c-.:f'luorlde . The ·Ef~d.itUn ... 

silieo-1~1uoi-ide. when he&ted; separt1.tc$ 0·1.1t silioe?l f'llle .... 

:rid•; wl"d.t)hf :reaqtrs 'l:lpQn the belrylliwu oxidtil o~:ntaJ .. ne4 bi 

the mil'Utll'al. ae well a:fli ul)on the a.lttminhun oxid.~, by termini. 

the c~rrWe·~ponding tlu.ol?ides o:r double fluorid.~li re.speo.tively. 

Thie r.~aetie:n :may \le rende~e4 qu~titat.ive by us1ng -~ 

1a:ut'fioien.t e.m.0u;i1t of se~iwn...eili~o-tlu~ride ·:rolt' t!H'~ trane-
!0l'"mation ~rf the btelrylJ.:i'tttll ·o·:>ti~ i~to. ·the fltu"Jr:Ulth Inas-

~uch ~e b<i>th t'.hta a\1-di.tmi··-''b~X-ylliwn .. :fl:i.il';)':ri.a·e• .ui bcrylliw 

tluor;tde are ~oltt'bl.e in wa.te.r ., while . the sim.1lltat'l4\H:JUi111Y 

formed almuitdum t"luotidf and ~o~ium· .~lumirittl'Ii•flue:riti• are 

.talr1y irlseluble in ~' ~ten~, $nd ainee_. furt'laermore., h:·o:n. .ie 

:t~or the moftt put p.ree ipi tated out in the form: of the irHH•l· 

u.ble YesO:!i• it i0 l?GS&i'ble to a.PJ)lf thes~ faets t$ "Produce 

a method :of separati on 13Ui tn~le f tn• purpose:e <lf' eeparat 1ne; 

the berylliwn, from alwnin:tmt and iron, by :tneane ot a ~imple 

wasldnar •t}Ut cf the l"esid.ue of the rue ion. tli th Wti."her . The 

iren o"1de content of the fusien solutien bear~ a. relation 

to the BeO ;content of l .; 2SO. :rrven the al.:uminwu content, 

wllich is only ,fi.eteFminabl~ ~~ol"ding tm the '.h.ighly t'l>e11ei tive 

~eth~d proposed ~Y~Ata0ck (l5t1} ~t1 by StLHdcr, !Jt-h~ee, ru:H1 

Praet·EUi'hte (42) but net ho11.r1·eV$:t by th~ ehl()ride i1toiJeatJ 
·' 

of Ua"f~ns ( 212) ( 202) • eheuld b€!, liroi tea. to 1a a ·ml.1$r 



r.~ge of variability .. 

For this meth od O·f de0com:poai t ion, l fJ1i'Gm o.f the 

finely di vid.ed. powder·ed mineral ie intimeat1y mi~ed. with 

the .a~e ;A"" a;r.mrn,nt of .sodiu.m• eilieo• flu()ride a:;nd the 

m:ixtu:~e ltia..int a.i'ned in a. new glae~d pore.el&in ol!" •W' iJllon 

·ttrue.:tble at a ·temperatu're of l:mtweert 680· ·a.ltd ?to.0 c. for 

thr~e: haure . '£he tesidtHl ie e .a~efully rfllm:oved fl"Otlil t he 

•rucible and t h e :partieles adh~ring to the cru.efhle wa.lle 

are re.moved with wa.te:t;. 'l'hf!t erucHbles are: e.tta..oked eo:roe+-

what by the ma.tex-:!.al lilXid .e;h.ould p.refera."bJ~y l'H)t be ueed' $. 

seeo11d tim~ • ln view of the f£itet that tb.~ fusion reuidu:e 

a.dheree very f irmly to the etohed wall of the oru.c:tble after 

its initial uee a,nd tl:'ttF reuders 1. t~ removird. ve.l."y d:Lftioul't. 

!mpu:r i ties whJ oh :find tl:tt;d::r ws:-y from the e. ct'~~ iblci into 

the the residue have· no di~· tt11rbing. effect up.on the opera-

~iou , since they are pr.esant. in a f 'ortn im;;aluble il'l wa.tet' . 

the powt\ered: r esidue ls washed wi.t h. ~old. w.ater, 

and the eolution ie incraae,ed. by ~dding as muoh caustic 

a.od.a se>luti on as, i a nec.ea,fH'try for :pr~ducing a !if4 alk~l ini ty; 

t .his ni~y fill a. 500 or a lOOOao fl · · ~de. . An aliquot po)l'tien 

i.$ ta:ken f !Jr aJ:'.H)l.ys i:a . 

r i 



A 

ve:ry from hi 1 ng 

method. 

. B eo4mtly D•vel,o;pe.d , 

by 

L /\tagll•i-

'u•ins 

~·~11JW.1•~-1-



W• tri•d t .o o'btain reagents for 

this method of d"fttertnination. but weTe 

unable to pureha,sa thetn from a nuinbe,r 

of CbemiQal Compani.ea i:n th ht eountryi 

no work wa'$ attempt@d: u.e1ng thie pro ... 

oeedUI."e. 



~.e~$ity o.t us ing te<Lious,, t.i.m.e ... con~mnlilg a.<tl<l u11-r,eliable 

a~1~arr;,:t:ton .m.ethoda. Thf~ ~iu.a;nt~ t ·111:t i ve. d·eta:rnd:nat ic>n, 

p ~:t' t i .oul~rl.y .of 111ma ll nntount~ of :s~ , h1 a.eo():t"dartce t t i th 

this methO·d• may "Pc effeot(Hl qui'O~ly encl ~oeu.;r~~t4$ly by me@s 

O.'f qui~al.l~ ·a:rin, ·by ll1 ~ rH!'le o.f ~ so• ci-i.lS .. ed calori.reetrio t;i .... 

to eont !ilS:O tm ~i:ver~e o.f 10 . 04% JleO t 20 . €16% Alt,.>O," ~<\ to · 
1.5% Feg0:!• The solutd.ott ~f '.bEi itnn~~~ t igate.d. w~.$ p t !n"t~ 

' -
e. ~ft"ad.tt"t~d: :flar;k; e.'""ld. afte r d~90 1 ti£.H.1 of 'the j!J:'on pretd• 

pt tat~ ,~ an ali.~uo t p::irt w~~ lflaed for t'i tr · ti.ng . ll'let~it of 

th., llet"yl.lhun .o;xidi:< content <'.>f l,0 . 04% U:St<,i'.l,; t .. e fe lle,.ii:ng 

result.a w·@re o·b•~ine4; 9 . 83% :Bev, 9 ., (}4;% :aeo, l0,03% Jl~O , 

an aver.age of 9 . 88$ B~O . l? ~r·cen tage ~n.1'.fGl" 1.0% 

Aft ,er o.e,reft;Il .o 'tJe.ervli!J'lee, of U1e methG'd: of P&t~elua. 

and l$'i9.ftl'Sl.h be .obt a !n·ed t h@ .f"ol;;t.owir~ reeul ·&si • ll . 1.t>i 1£.eo * 

16- . 82§£ ~seo, 11 .40;'.t BeO, awl ll.s.o~i :E.eG, ~i ave:ina.g·e ot 
11.23}i :BeO. Pewoen-t.a.ge, $:t'WG~ ll.90j{ 

l'hes-t1 ·fi~utes ind!oq_;;.e a deQ!d.ed auperio1Uty C>f 

the aol.ePltaetll'1~ nethod ·011 er the i,'H>-d ium b 1;;;$..rbor.1 a.te metl:iod 

s~ th~t the rf:HHlllts r;f' the ti tr.-1tion m~~ be oonsid~red te: 

be ·conti 5. d$ra'blJ e a.fer. 

In viE)w of t '.h¢ ~1n1oet ins.igrdf ical'.1 t .Miou!;l·ta 'oi' 



F• &nd Al in the ext:va.ct trom ~ e ilitoffl.uol:' i-de &te:~ompo .1.dtion 

the t:H~e· of the qui11ali~eJ.dn m~thod @f dot0rminl!1t!111>n 1S1h0ul.d 

~ot theJ>efo:re be· f.dfe cted . The powd:ered residue from the. 

tre·atment ia. Wlitahed. witl1 ool.d W4\ite:i;" • and the eo.J.ut.1on ie 

1neire ·~StH't ·b y a;tild:ing a.l'!S muoh eauetic .~oda ·'30lution. a.s. it5 

n.e. c .e$s~t'1 for plfoduoins li/4 a.lk~ ini t7; this )nay f ill a 

500 o·r 1000 tJ;f flask. A,D. ;~i:quot p~t ts t .ake.n f r .om this 

aoluti·ott; in tile u.eual ma:ime:1.• ft>r the eol~;r.:iri~tfbrie titratien . 

I n erder to j'ttt.tee thie met:hod. ae to ! ta meri te• 

let Utl lQ'ok at tt few ie.ltJ>eJ: .i .. menta1 :rerµnlte tibtained by it . 

:Beryl l l 

I$e i"yl Ill 

" llf10 lJif 
~ol¢1~:e trio a~l iQ· .-

1''1110.r i d,0 method. 

l0.tl4 

4 . 41 

% B-00 by sod!l. 
fu.s.1t:m 

eo l~rme tr i ~ally 

9-. &4 

,, ll .B 

]~rom the B'.:01 filti'1i1.te obta,ine:d :f.l"O!f!. the •SO·d~. 

f U$1en me·\h!Jd ~}fte:r re:iaovti:l bf t he et:U.ow•• the irtn'l , s.l:uminmn1 

and be.ryll turn e11ould b~ IJlt ,eo~rd t a.tlild out ~~· hydr<Hiddee .• 

d.:tai:oltred ag.ain 5 n &.lltrted. l!Olt t.he 5olu.ti'(l'E>. (ff\i'.&11ol' cite·d and 

the r~$ id.ue d is eo1ved il!l YHll.;rin w~ter . The ·a.1>1tto~J:mately 

u.e1ttral sgiution ·Unia obt~in~ld should be rende1ted '.N/4 

ej_kal itHf in t.J!le Ueual ti'la.nrte~ _, .:;;ndi the beryllblln determine d 

,eotori-~t:rioall:Y. ( 43} . - i' · ..r' , , , 



f :or BeO- O·bt~h1~d. bfi r11-ew1s of the c.0lorimetr i -0 ti trat1o.n , 

in a:eeor<lanc~ wi th both i:nethods of (".ecot1IH' :!1; itJ.011 ar·e in 

clorH11 ~reement . Th t.hrel';; b@ryl ,; m-,o1·1•3s L ~sJ .yz~<l ( l. d. not 

oont:.:;dl'! a. c r.tn i ei:b.ble W'l0 .nt o.l' i · 11, eo tho,t "'lt t:i i · -::m 

oorl t mt f>f tne olution. alit i:\ined oolorime.~;itric,ally by the 

::.wd~:i. me~,hod which er::rnt .. c.1ned a.11 thre-0 ingX'·edi1G11t~ ()O:Ul.d. 

not e'1.eJrt . ,ny die tu'l;."blng i flu~~ <'Hh If t i Jl.o.wE. v .a :r t.;:i.t· n1iner:W.e 

:1ad. cont c.ined eoneid l!:l:r :: hle am uat~ or ircn , i n a.c: r ~a.:nee 

,;rit_1 w!'rn.t has eer; l r r.~s,dy ~:i teted . tlJi fu sh oul · bB r3Hff i().1ent 

'.r e a on to ~r ~::f' er .he s i l ioo- :fluor· ·de e .h od to t he scHla. 

me tho~ . 

001.JCJ,US I O!l : The J:'.i.eO .(:: (flJbt:t:At c,f :raw )4$11"'.!fl Ot:ul 

be a.$e.ertained w5. th s1.1f! ia ~L.t aocur,£.t.oy iJy tu.sin~ t.h~ mineral 

with sod1ULl'l .. 11ilico ... ~ uo..1.il,le~ 1).f c tra ct i nc:; t he b~l."yl liuJtt 

a!!! fliiortde fr.01n the re si~.11.e );f t1 G f·a.1ion, ,.,y --n.shing 

. ! th we"'ter ~ .:nd then detet"ad li . ~ t;hc ' ryll ium. in t he solution 

by colo1d:metri¢ ·,itretio.n 'hy \ising quinali.~rn:rtn • 

. ,;, 





Before ~ttemptin~ M Y enalytical wot"kt eta da.rd. 

·a olutions of Al 2 3 ro1 C:t Be.:O ·t!lere prep r~.d as fcllO¥ SJ • 

.standarg hl20:! !.2!uti9!!= · 
26 grams O·f Al1}(S04}3.l81:120 (purchaaed from J . 

T •. :B~or Co •. ) 'WtJi;&. diasoived in & liter· O·f w.a.te.l'" 

50 ec o·f thi.s soluti on ehould be aproxiznately 

equivalent to .ai • 5 g:ram sample of :Be.ryl containing 40,~ 

Al20! • or 25 -oe of this tolnt J. on should be a.proximately 

equivalen to the Al~O~ in a. . 5 gra.tn s~1:ple aont£d.ning 20% 

A120 .~. 

!la.rt of the w·ork, the s .olu ti on was stiuida.rdi.z~d by pte-

Q ip i tating en a.liq_uot pu:rt!on et t he solut ion with MH40H1 

ashing th~ preoipi'tate well with.. 17'; _m4~m5 .solu tion ma,de 

neutr al to '.&tethyl .... e<t a bu:rning; and weighing a~ Al203 . 

Aliquot. portion 

\lt . ot reaidue 

itr·e of solution 

I 

.• 2196 gram& 

l cc = 0 .004~835 
gr :: e .Al.~O ._. ,,,.,,, ,"J; 

s t a.nd.atd :a~o aol.ut ion: .. 
--~ . ~ -" i · ,,- I ./ 

ll 

•. 10·9·9 e;ir ams, 

1 Oil II 0 . 0043840 
g:r. i;~ .e Al .,0 ~ 

1.9845 grams of dry :BeO {99 . 75% pure a~ .coding 

tC'l The J?oote , _inera.l Ce> o fr·om whoJn w~ l>Ul.'cba.e.tHi l t) ~as 

dissolved in hot J!2S04 (1:1), then ruade up to 1000 cc . 



Two aliquot P'Ol"tiena \J$re used t ,o cheok tbe BeO 

content of the ·t'olut'- ·on. .Re(Ol-1) a was p:recipi t a ted with 

lnI40R,. wa.sh e<l well with l ;tJ Iffi4 03 mad.e neu ttal to .ethyl 

R~d, burned and wei~hed. as BeO . 

l II 

Aliqtu~t portion 

Titre ot solution 1 oa ;: O. OOJ.9800 g . BeO, 

Thus 25 oc of t.he above' tum11~le is •quiv.ale:nt to 

a J)OOO gram ,rJdlple of tHJryl ·aontc.ining 10 .lo,$ BeO 

MlfftHJ~ .,2f :Stn·y~ and ro:eaz 
·These ·sam:pl s w-0re {:trtnmd t.o Dase a.n 80 ttte$h 

ee ive, dried t ' oroughly ~~t 1~0<> c. betore weiglling ,. fueed 

in f> lat in.ium Qr i o i b loc with 1fu.2C0 5 e..."'ld t he ;ree.i tlue f -Ul3ed 

,On~ aM'lple 0f Beryl and tw.o s&roplea (Jf T0ipaz 

were Ofl hand fo·:r a.na.lyeie . The-se bad been obtained f r ·om 

the Geology Department of V. P • l . There wu.s so-me question 

as t o vrhether o~ rfot: the top~ r eally contained Beryllium. 

state Chemiets had r epl)rted 18% :aeo ~d U. s . chemists 

'.had reported t h e absence of Be.ryll iunh 



A;o1o.ng the great number o.f metho·ds ue@d for de· 

termining the beryllium content 'rt ores, we need t he 

Pt:U'"sone and B,a.rnee tr..et11od, not beCi1-U e it h~ tbe best or 

the mo.st a.0ccura.'e taethod , but 'beeauae1 it is r :eoommended 

by the Buteau of St9.n.darde, :Department of Chemistry,, i -

uaed in numerous la.bo:rato1tiea, such as in th€t laboratories 

of the Ledoux Co, in llew Y0rk , e.nd beeauee the results 

obtained by t.his method v .. re frequ~ntly l"ecognized as being 

dee)ieive 1n beryllium ore. tranaact5.ona ('32 ) (43}. 

l. Fueo O . 5 grams. of the f ine·ly powd•red ore w1 th 

10 gre.me of Nn:zCO! . 
' -2 . Diesol'te the melt. with 5 cc HC.l . 

$~ Add. 'Warm water to about l,00 -Oo . 

4. Boil until all eal.te are jn eolut;ton. 

5 . Filter a.nd fuse the residu . in KHso4 • 

t> . Dissolve in t.he ·original taolutio:n . 

? • :mv~porate t.o dryness . 

6 . Take up wi t b 5 eo Hcl and lOC> co of vn1.ter. 

9 . A· Filter irmnedi .tely to r<:;:m.ove silica. 

W2.eh with dilute HCl (1;99) 

Remo"Ve Sl02 by lil" a.nd H2so4 evapor;;t:ion . 

Tal:e up with dilute HCl . 

io . Dilute 1to ' 2bo ~e . 

11. Saturate with H2S tt) remove Group 1 I elementa~ 



12., l ·ow to dig·eet at o-soo for some time . 

11. Filter to r~l'11ove '2.'in, G ~rman:ium, eto 

.14 . Vl$.Sh with a little \11&.ter iH~ntairiing Hgs .• 

15.. Boil filtrate t<» l!~el R2S • 

15 . Add a little 1mo~ a:r Rz02 and ontinue boil ng 

t> , oxidi•e the iron. 

17. Redttce the ~ lume to 25- '00 cc. 
J.8.. Nearly ne~utr~J.iz ,e w.i th strong l~a H solution . 

19.. Hea.t to 'ho il i:ng . 

solution when mixsd . 

21. Filter to r~mov~ T~ te;n:h~T\1 1 Zirconium, et·c . 

·22 . A. If phoaph.i)rti,e is absent . 

a . acidify the filtrate with Hcl 
b . precipit <? te with slight exee.sa .'H40H . 

c . ilter 1!Uld lra.ah the preci pitate. with hot 

2% solution of lffI41'103 . 

d . dissolv'~ in ae little hot dilute HG l e.s 

po&aible . 
22. ;a . If phos;pho:rus is ptesent . : ... 

• lfout.rali~e the filtrat ·e wi tb HlW3 and 

<Ul.ut e to 90 cc . 

Add 10 co c:oncent:r.ate<l m 0 !3 • 

A.dd lO gran1s N"rl41W ~ • 
·' < 

d . Heat to 40 - 50° in flask . 



Molybdate reagent . 

alkali s~l ts. 

a.11 P<>-ett ibl.e . 

f . Let etM.d 1 hour . 

g . filter to remove phosphorus. 

a. boil and add alight excess ·of' 'NH40II . 

1. fi lter to remove moly'bdenUll $.!ld exceae 

J. Dissolve in IlCl . 

k . :t"epree:Lpitate with NH40l1 and filter. 

l. Disaol ve in ae li tt.le hot dilute HCl 

23. N'ea.rly n~utraltz,e t .he solution with Na.OU . 

24 . lrea.t to boiling . 

25 . Add enough hot :NaHCO~ solution to :pl"ovi de 10% 

solution when mixed. 

26 . q,uickly "bring to a boil. 

21 . l~oil 2€l- 50 tH~cGnds. 

28 . F ilter immediately to remove Fe and. Al. 

Since this does not effec;t a complete eepara.tion 

of beryllium:-

29 • . Dieeolve t he precipitate in dilute .HCl . 

)G . N•a.rly neutraliz• S'olution with l'Ia£m . 

31. E:eat to bo ii.ling 

32 . Add •nough bot ~ a.Hco 3 .solution t() prov ide 10% 

solut ion when mixed . 

33 . uiekl y bring to a boil . 



54. Eoil .~«).~in eeco1mlth 

an. !rll'tel' .htto th~ ti~t filt:,~te ( 28) 

S hie:et tb.!ft (\~<'~$ not olway• •tte~t .c£tmp1•t• 

SilP~t\t.1.0ln Uf th~ be:eylliGt. & tld1'4 i·-·ptt:t!t.f.,Ofn ot th€l 

't'>l'Jfiratio.11 i~ r~.eC)z1un,tinled . 

36·. ·~ mb!t~tl the thre;, tilt:t~ateet .. z,. .tt&1'e a.<ri~ w~t'b nci, •d Md ~11tlfht cHireotul) .• 

38 ., not.l t'.b.ti soltit1~ll until acD !11 ~ntil:l'ely tt'lb·dm.~t~d. 

39 . Yake ·l'lliptl f pika1tnoe with t1[40R •. 

40 . F ilte.y c.ft thfl :i9{ 0H)a 

,41 . D1.":t~~d tb~- f il~»'v1.t• • 

42.. .~111'J:1:~lVcQ tl1e ~~·u~ip:ittAt•· in the e~:hust po·n:siiblo 

aaount &t d.!1ut11 .Hc1. t•t·~ .~rigin8]., hede·l' · 

4J . ~l~.e ·al !shtl:f alkQil.b~e wi tb :tm4011 •. 

44 . 1,•t atan.d •Ver ·night. ·Oii" hon.t ttJ 309 f~~ on~· httu;r 

·tt) 11:rodtte• art:lfie:hu ~i.·na • ()001~ 

4th lfJJ.te·'t ~'tlieh b&•t 6'l1'~~~ of ~\tMt. i. ''.t&tive p~e~. 

46 . 7-be JA"'~c i;pit~.t~ t~n«e t~ tlti<:k tc tlie tr.alltJ ff.)f' tho 

'f'OtJf.ltl1 anti muat b$ r~o.a.v~l"~4 $.t"t.~r ·tho ~omQIVtU .tJf oe,t t/it 

the l"'tr.tllidue , w dis.$\C'l'Vi~ it in M little a~i4 ~ p& . 111\1»1~ 

$ld :r~1~oip1t!iit1.ng \'111th ll'.~4on . 

4?. ' 3.ah wit'.b. t~ ln:l4I03 ,oltititU'l mitd-e: neutlt~ t.o 

~•thiyl S 1tnt. 

A t:ti ·pt~ Jl"'e:p:r o:ipit. ti~~ ·t-'l thtJ l1y(~Ole!14e 1s 

liQC{llfnm~nd<tll dt.i• tio t1:u,J 11. e~enee t:J.f nou-vQletile e· lt~h 



48 . lgn!t.6: ~(l $1gb 

The ll :ryll.ium ;pr oiptt.$t fror11 the ·e(')l.ittl<t:n eon• 

aro \l:t11Uall~" oont.abied in tl hydl'O~dde J they ma.y bf$ :rel40VG4 

to a '.OeJ"tain e:rt nt l)y -ehin •. Othe~ a.uthGJ?itiee ~•:.c~o~·~nl 

doubl•, G:t tripple repl"'f.Hli . .i- t~t:toJW . 'rile <p:r"eotpit~t _, 

t11.e4>, ot;nt in f.'Ort~~ · iliea b11(')1~ ttt.$,y n"·t ht't)Vll b•e:b 11.tnt .il'ely 

thel"efor .· "''1tne auU.i.o-ri tie . 1.*&eattJ:f< nt th.at the t.1c,J.utten of 

the byd:1'a~1de in HC l '• va;pu~at•d• t,hc;) r ·\J idue ·41'4hH1 ~t 

1100 ~d the·n 4iseolv:~4 bi oo con «t1t~u.t.e llCl on 11 15 <e.e 

tba f.laktn1 of '.lilic~ p;peoip it:;,1.t$d Qut ~·~ .. ' 

tilt re oft· nn<t. w&lhed on t • filtet- bt te u. m » 
with hot tUlut~ 1· bl W:ld tl1 b&l:7fllilU'Jl <l~teir · i ·n d :tn th~ 

filtlr'a;tet llioh .~ & bo.qi1 tHlm'bin., .ith th wWJb 'ft&tb~ ,. 

c:ryll ! . . . o:x.i d.e . 



RE· ., L'fS 



Tope.a I 
. -

wt of sample, ueed. 
Wt of reeid.ue as BeO 

{.:t) 

.4290 

. 019.2 

Topaz II 

Wt of :aanp,le ueed. 
Wt G·f rf;lra:idue . ~s :aeo 

% B$0 indloated 

wt of ee).11ple used 
wt, of' x-eeidue a~ J3e0 

% :aeo ind1Qated 

(3) 

. 3995 
~ 01£8 

(5) 

. 4470 

. 0632 

14 . 16% 

Cheok Solutione 

25 cc Std . BeO sol . 
25 cc S td. Al205reol.· 

Wt of residue oo BeO 

( 7) 

.04955 
• l.099 

. 0663 

1(? )· 
·~ . 

,.4418 
.Ol95 

·4 . 41% 

( 4) 

. 587! 
~0189 

( oJ 
.4561 
t.0629 

( a) 

. 04965 

. 1099 

. 0692 

11>.S4% 





<lil'i ti oa.l examination of the intricate 

p:ro<;e.edur e · ! th 1 ts ;repe~ted p:reaipi ta.ti.ens gives food 

for thnught to the ana.ly'Uaal ohern.ist with r .~speot to ita 

a.oc111rao,y. Althouttb the eodi'l.Un b:io1<:.~rbomi.te eepa.rathm 

hae been deaignated by many a.uthor~ a.a the mo.s t reliable 

lnethod o·f e>epa.rat!ng 'bel:yllium from aluminum a,n<i iron, 

on th~ other hand unsa.tls:f'.l: etory repo:rte hs.Te alao been 

oireulated . For instance• M. :mnglehard ( 178). d•em.s ! t 

·i;eoeesa.ry t :o r .es·Qrt to fa-ve &r ebt plte()ip.1tatl0n.e to 

obtain 1:iati·1factoty eepali'ation of BerjiillitUo. tr.om Alw:zdnwn: . 

$ 'UQh $, pro ce·ee t boweve·li'; EiP,a.rt ft' OIU it~ in t;t' i ¢&CY 

and tedloueneae, ie not apt to be cor du0.ive to the tleeired 

accurao-y, if cine eom.ri der:e th~t bctth .Al (OR) 3 e.nd F~( H) 3 

eti1l p<:>~t·ess t;i.. 11oti?-h~ e riolut) i li ty i.xi hot .l.0% N~RIJ03 .sclutim . 

'l1hue ~f o;u e · ~,.nd. -; ebber ( 214 ) h.ave 'fJho~n that oc:m• 

w1tb modern views, hi nothing .:m~ re tha.'1 a ~o " id solu·'-ion 

~ / (' 

1 t is a.se\.U."l~d. 'Gl1&.'t the c e:r'1bonat~ iI~ pr.fll.ot. i:cwly . n:e;olu'ble 

hi water. the ).:I 01ubllity of th ydrox!de ie et il~ euf:f·-



ht tiew f tne Grea.t quQ?\tities of water whieh are u,n.&.vo14 ... · 

ahle in l'eP&f4te4 lll"Gc}iJ?i t~ti.on o!}~l"t:1ii~hmn . 

In 1u·~plets. ( 1} ·through ( 4) ·t.lle gP'av im.etri o 

1 .. . .;:, . ~ '· A 'r.i:: 2•}€1/ , ct Q!ll·~· ... , # '< :to. 1 1 .f.t.. t an.a. ;1$.4- 8 •JJ10W'elii4 "'1 ·• ~ .. ;.1 tf> ~ 11 v . .il)ll J.:•ttv w.-~. ,t. : 6 "'"''~ ' U~lr S 

."' pectrogi"~:Ph $l1owed. no line@ uhaJ." otel'iistic .o:t Beryll.iwn. 

11ot.h the a11d.girH,J. illineral. 1 All th~ Pl'~Cipita:te v1l:l1oh 

were burned and W·\dghei as '.B(f)V wer·e e~a.mined ~.ni:l tln. ren'U!.l t& 

ltt :ear·t li the ·3;Ut.l:J.er· ~~wtl"011!5ed t). :.flGi$1 ccttG to 

f()llow th.e p~oceed.u;re tor .n;U.y-Gls ~~r.:a "'ully, to -:.· 1 h lTell, 

to US& the 81'Wl$ Q()ndi 't!'<l?l~ ·o.1 te ,P~h .:.¥..tU:r-0. ~·:id VO~ ~O Of 

fou.r ll~J) l'*<rtiona 'lfi',f:n.~e W'~'· r ~ti;;Ch El nvl.e . The l':Ombi.ned 

filtl"~te wel·e aoirU itH.lt. ot.tLo ntr:_,ted, r~1i rc (C!r) s 

p.re.cjpit.atoa. w£i:·h jJ,ii4vU. 'it ' <0 ~n:.i nn ·~ ti> ;;~14 t:J. <H': '«e~ Tl.te 

warm l~& Yli4lf03 ~t.>l.·t.i ·on (~ ·'e .~ uU.·:tl t o bf.u 1yl ; . .:~d. ) to 

i:nenu· th oompJ...e-t.e 1"eni<rv&U. of r..U.l n. m-v _ l · .ti.ie ::rn·<"."1 1m,;. 

;·tef rri'.1~.·-t~ the we1,t t~ ,;_f' "'. >tt ~ o P-l\"'~cJ.1rit t ·eft 

Q)ta.in:ed ~rcri1 zu~m.pl ~ { 1) tl •ouf);h { 4 j ~li e :nrd.~ th:;l.t they . ,. .,. 

t .,..11 in r~e r.af v. ')l89 ·t o'" .1. ~a k~l"~~~ . 



'S.Ot\:t_ally p!'esent ( 0 . 04955 grallls} in (?) and { 8) and the 

OlQ'Unt ind!cat,EHl ( 0 ,.0683 • 0 . M92 gram$). by t he analysis 

we get 0.0192 - o . 019? grams . 
S inee the -condi ti ontt Of the a:na.lya·ith -eap ¢.!ally 

the tem:pera.turea and vol.um.es were kept as oonetant as pos-

eible , and ·since ea.ch of the .samples ga.ve O . 0159 to o . 0198 

gr~e of rE:H,idue whioh is net due to B:fJ-0 as ie shQvrn by 

the a;bove :results , and since we are dealing with a ernitu:r-a.ted 

aolutt-011 ot Al.{ OH.) 3- the am.cunt that goee :into solution 

\till be very nearly oonst$.nt and will aoeount pf for the 

deviatio»s from actual :Beryllium content·. 

To bear _ out the above., an(! . ~o expla.in the diffe-ten-

(HU1 in t h e re eul ts o bt. ined in Pa.rt l and Part 1 I, a.."'ld to 

explain the devia.t ion of the. ree.u:t ts in t .he cheok .~olut!ons • 

$ new series .of' a.naly.see were d~viee.d . 



ll ~l 
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5 

:B . o amera. 

s. l?<>lishe·d Metal s lit • 

. ; 



.s 1nce tke tti.G$t i.D~~~l"'t&n.t i ~;-;;ll.1• l :huu1 o,.,~u.:r 

in: the Ult#iJl,Vlol~t l"egi f.l~ ti,\ Z1·lil wnd 005:1 A. H ., tho 

quart.a avtctreo•oo:p• ( a4t'3 ..,i~:r ::an} ~t1.d t .Q ~ UB~d 1~uJJ ·t~ad 

of ~ en: inary s,las · s~ctli"Q:fb'e ptl e; 

Ligllt f1"01"'l. a ~ui tall;l t: tH· ,<;·ti i~ ~ ~t upo:n. tJl•l 

el it S trt' ·tJ1,)t ~p~~tl'3:S().OJ)»E! • l'!r ~t.l·c.~"nr! <Mt ·~ ~,\U~;r'tz, l.~ta '1.tl t 

tha 'b•~o . . Q'e ~"' .~nd.a:r$d ?Pal"t,tllel b~:fuy~ it'tr i kit1.g the *lt'Vj.'ftz 

pr;lem P- 'he la:,t&l" c-on-cyint~ ot twl!! io<:J hnl:f- prt.e-lr:.-

l'laoed race to fac~,. Ql'le ptris· Mi:n.g eut t~~ r~t .. 

handed, nd the ot)l.a? fl~Cl':l! a le:i't-hitnd~d. ,. o:ey.rla.1 &f 

qua>l't• tn .QU·oh a ~~e.·:t> ae to ;bri:r~g tl1a <;optic ~hi p4u•lfAll~l 

to tb& :b~se ol ·4l•teh half• Pl"'lP• ~t'\lil ia. tY»a f;)f pr f.•m '\!fMi 

4•vtseri 'by Coi:ner in ord~"' ta, l. itrlin~te tl1~ dtntbling offe.ct 

du• to 'the ~ alarizing ~ati n ot ~tt\a:r."1;'1 an th~ eJ11$rgent 

bett.lil. "rhea 11ftf~81etod ~"l:ti tU.~per-a, d r~fl thel!l tmtel" tll·. 

4•~:r,,_ ll v l$ thit q;tr~ta 1.,wii · 2 'Wb~:to. the ept.t~t:r"' 1fl f .o·eu.tted 

on tha ph.otog?t.~~111~ ·~1·r:i.te D. 

tts.e pl.a.to llol~axi h~ f !tt1Jd with n rhm and falli:nrr 

o-cio;n by ~~.!J fils o1 wlticll. the ;pl<;i:t. may 'be :raised ·or lewere4 

4llJ:iJ.bli?ll6 th0 O'll(lJ'eto21 \u ~ho'to~:e· ··;:;,;l1 ~ ~~J::.:~l'h9t" of spr.11~tra ~n 

th~ s~ :plat(% . 

't'h-9 y,l:i.' 'te' .~l u4tit.t' • ~J: · o f'tt:e4 ~at..'1 a ros.clc au.ti 

P·.inton 'bz,r m~ut:t'.HJ ef .thiel~ the ~l'l , ~ the pl~.t z:i.a.ke9 · ! tb the 

dc.t~t~e4 :raytJ my bt.?. ·~:r.;:vied . or;he i1 ·.~a~ are $.O lof:le to ethe~ 



Apparatus used to photo gr aph t he Spectr a of Miner als 



that they <1:autd not be mea8ll,l',e4 with any degrie.e of 

accuracy i.f the plate ,,,.ete plaoed perp•rt4i.t1U.ll.O t-o the 1.'aye • 

as it is- placed. in o~dhla.J'1 (>amera.s. The gl'"eat4r the slant, 

the great~r will be the Sltl)·awat ion of the line$, howe'Ver. 

another fa .. otcr ent.ere, and the gr.-0ater the sldlt .• the 

n~r:t?lVer will b& the ra.ng·e in hieh the l!n4)}a are in 

A very go:od fa'btitration wa$ obtained by setting 

the elant of tb.~ ;pl~te at 4 .9. eetting the foou•ing barl'el 

at 9. ti,nd using the na.r~o-weet po:fl!eible alit {open. about 

i ot a tut.n of the adjusting gcrev .f1•om ... the <lli:teed posi ti.on). • 

This brought .the lines between 2~00 $1'l'd 4J30G A· u. into 

eh~:p t' O OU$ • 

attf>.ohed to the 110 IJ. G .• generator . 

tfhe u.egativ'i r'od waa ground to a ;voint. and 

with a l/lt> inch drill a hole eunk t·~ a depth of about 

l/4 of an irteb, S·O the.t the su::ple could. b$ packad into 

this hollow to be ,sure of :obtah1;ing e • .s.:pe.crtJ-~ of the 

W~&'~<+J 
. . . ~~a~ 

' {- ) 



'-1be :pol11tive oarbun J'Od a~ n:0t pointed,, out 

W&$ e:u:·t off iev.•i:t. 

Fer erc11oh determlnat:ion a f:re,ehly ~op,ou11<lt and 

•!1l·ed net ef .oa.r"b<ln roda were used . 

:rt wa.a found neeesauy to :pl~O$ Q snett?.1 shiel·d 

b~tween th~ .aer and: tb.e f.li t o.f t'tle spe~tll'oao<>.pe to *'ct 

n• a ha: at insulator .~md to el imi:natt!! the glow f~~om tho 

hot oa:rbon el.eetrodes, which td:vee: euch an inte 11e a11d 

oorJ tinu.0us s.p ctr.a tl:iat many irt:.po:rt~nt line. · &.J:e <'ibe.cured . 



Apparatus used to photograph the Ultraviolet- spectra. 

..__ _____ -- -· 

A· Window• through which Ultraviolet Raye paes. 

B. Polished mete.l elit. t 

c. Sarew, to vary width of slit . 

D. Fo eusing e·cal:e. 

E. Fooueing barr'°l. 

F . sc:rew, to adj.ust slant of pla.te•-eoale not shown. 

G. Screw, to adjust Height of plate--to obtain more 
than one exposure on a plate-• 

H. Sea.le, to show position of spectra on plate •. 

I. Photographic plate inserted here . 



110 A .C. 

ou artz t ube 
(hi hly ev cuated ) 

Arc 

Mercury 
eutra l Arm 

Se~al ed in Electr odes 

Diagramatic representation of the Mercury Arc Lamp 
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n~ tJ:rel.si~ \1<>, it"~~,.n~:ity th•' ·.t3~itr,Y111nm ,lin••h ·t;be 

:p~u~tra p:zaodt:.<lt~:d ·o~" ~ C~v.P .:\ · .«. ··~·t. t ''Lti.ba:r.o., ~ p'hotO', :ts.ph· 

T e !'4Q1U:f'~tUl" re ct t1;;c 'labD:1' ,,.. "1 e ·: ppl.) a · peet:r-.~glt&:m 

w ·th tl>:e l~~:i:.p, oii wL.i <:h <:-..h1..: lin~t<. ~;e :td~:r.rt1t'i«id n:nd th il:' 

w.1Ul!" 1erlSf.1b& 1"'.i'V~it1 •. lJ ~itttt~ the~~ Vl1ll1A.~1'1 ~ ci:All ibl!~tio11 

e>u:r•e W&fJ l!loited !~r t.;h.11 '$p.e<,,'ltlt"OS.fJf;l '.P• • lt wae '.fo.und ilttP'!!e 

aniq\U.',a.te bti e;ve.r ~- i;u:.e: &. s _ ~o t~l ·tt i.e:r'<>s~¢·p · · att ched tQ 

a infa.r()v,u•nieli' ~H:.raw by mm;:/!~ oi' i!li."'h a rt!h1<lillg fQ"r· the 

:pe,~1t1o.~ t>.f +1~~ 1.:1~~ in q;~~U~11, tritl't r~e:pe(l.~. io 1. .. k11~w 

'.line '~-r-1 $QOh r.ddG ~ t~ it a0ul~\ li~ f., ·ak~~, e.,~.d 'b¥ 1nt~·Jl"11~l.e.th>tt . .. 

vf;ry gwi.\1; :•m·H!~ 1:il'l '!' of l 1 1'1$. ~ i~l' t' ie 'Ul tru:-vil!llet 1l'~tri-0n 

ttL t::t~ iut;'f)1,t t."1 m~-e tl'J-~ $1~ ·, t ;f'lil v'j.,-otog.,,.a:l/l~,,. i\n ~ltvo~u,.~. 

of :!:' iv~ 

:it:· r'.l~J>Y 

s ·. ({ l,)1:!d~ t lliL C ij.:tb t;, .i bd"' • 
I.I ;/;': •ml.''C u ~ ,;n;, :- u d , ~j~ te1~ 

wiosk 1te~·~rt1.~a- ~ 
0, Gd <utn .Ji~Ul_.)h ft.~ 
Hydl'Qqtd.non(\-
~'ot~ttehr. 'Bt<o id . 

· t~~ 

t;Uld t~l\ ee4onu~ 

8-fl Vl)l'e.l, tX."ial. t 

22 . 5 gr e 
22 ,5 ftJ?SM$ 
22 . 5. grants: 

l, •. o l i t~:r 

to tllf.t. 

to give 



fl't~..\ .;!~;""' $.! .<'. '""'"'"::" '; 11lfc'\ .. ,., \.#> -~ .. ~ ,. ... .,~ l.~ • l .; ,~v· 

We..tciv 
~;a.5 gi·~j 
l .o 1it.n 

·Of ~·S'.'.ter. Geed 41~n.:.n Qwd, .... ~. t y tro~ •.. ti~'1 ~t'r ~~ ~&du._c ~ 1;t" 

the tflt-;tt ~e ~i~:velo;·~ .. t: l'l' o l' i.Jl :m.ecs .,at ~o tt • 

.vu~ · t-0 u~e kiil:h e 1.l.tt~ ti ·~ . cen·t~xrt. ~:t· tl1.$ b&t:h 

i t iflt ~ell tc une ~ :;lit: . ly f} - -i!~ lg ·• t t;an ttn~ ,u;c.etlo 

.ao· d . . ~h~:J.tt e,tQJ 'btirth $ll4 a. f 4$;'.itif 'ht~ .. h Ot>Utl4.- rd~ twi ~e, 

·ti~~ tte-uul ~t>uint ct lu~d.en rii ~olvtion . 



Qf 

t~e 



The foll.o ing print~ of Uie t1e~1ativee o-f the 

v-.a.Jtieue ep~~ti-· . fa:J.l ·to· shaw some tJf thfll moi"e d~lio rs..te 

l iaee, due to the f ~t that no. pQ.pe·r has ton.e r ant.e 

great ~noush to ~ot~r.e~tly rend ···1! tihe lo~ lt'·n.nge e:t ton:,e~ 

t lu\ 1" t\ n~s;~tive will }.;"roduce .. The :pe.J?er ua.ed wae $ ingle 

-w\jight. ·.:uo E 2. All Jime determination$ . el'al r;-Me direet-

1.y f1~oru th$ ne.e·~ti ?es, f'line~ t11 pa.:wer prant$ •ill of te.n 

strete ~ out of eh ~t.. in t11e Jif'Dce .f?~ of d@'Vel ;ping and f in• 

ishirig , reuul ting in gr- a etrGl'l3. 



I 

i1ercu"Y 
St1me f/;rt1tl/I cf'4"'s-

Tb/it~ .J': 
'}/;;; ff 

/Jery l 
/lr~C r)n f4 f, P"l?I s ti hf I' Tes 
{IJ 



two very eh~aoteri•tia Me:rcq;y ~· linet;, ooeu 

At 11.2S and 2536 A . u . 11le tcr:rme'.):' ~ ¥lm•:t ~efldily ·'b~ 

uee~tu~in~d 1>1 ,~J.~ twe •P•·e i:tt, ;pheit·~gr,~pb.i ,.,. ehO'Wlt 

1:> l pd 2; the first iu a ;phottQS:tv.ph 'flf' the trer()uar-y 

att.l •l'H~"t"'s trttn$lllitte4 tlu1.,ough '"·uarta '.lae$ (vrbioh doeG 

no:t abe5o~'b iiltravin1E"ft lig'.ht) and the eeeonl hi ~ad·e tllr:m.11h 

B, gl,~es p'1&t~ ( 11th:1~h ~ba·orbB light having "ff~v~ lengthe 

b~low iooo A·• u ....... ,ht~ do.e~ :tiot 11old ab~u>l11t,t:el;r ~n.01 

~· we re,an on 1t>n~ell1 ~~oeu11es get we~ lb1es below th1e· 

\t$Ve 1f2:n@itb"""".,.) • 

The ,2536 line ie by far tbe 1:1Q.st tnte?J$i$ 3.ine 

hl the tl'U'-' U.ltr~·Violet t'e~ion .(~ln iOOO 4\ • U. ) . . , 

Hfii'!lY1q 1dent1fl~4. the ~bQ''tf~ t~'.<J .l.in~tu.'i, t'.betn 
with 'tl1e aid flt tht:t l!l,PeQ.t\t'o~~»l} fu~ntahed by th~ mrw.kla:l"& 

,of the ~a~c: •· tbe. otll$l" l401~•r1 lin•• ~Y 'be ij,e,nttf ied. 

, ':~fr!' Due t .o t.lu11 l ·~ek of ·epaee ..• a11 10'f the line~ 

tW·. not ident1fie6 O·tl th{!) preQ~edin(!; Ptl~b~ J tu~the:c. tw" 

l1nlite 19?0 t.Wd. 5461 wbh'tl'l alt-e Yieibl¢ on the n~g~tlv~a 

but i1(jt ln thfi Jt"illt.$ wel\'e llot included;. 

On ~a.oh filll. l?ef~l'e· putt,ing the puwdel"~·d m1nefl'fil.l 

tu the :u"(%.1· n. pboU~t'apb Wtii& m~<!e; 111·t11 the c~bot'l rods 

only, "ttJ a~t ef!t ~ cJl~c~- to reek& 4$l'U:e , th~ 'l!"od.i; Wf:Fe olfl$Xled 

tho~ou(!hlJ• ~d ·wel"e frtfe f~em JJeryll!l1m e<n1t~Uiin"'t.it>n,. 

$\uah :&. .,peotl'& is eiho¥m in a. 



.end othe• tnettille, bU't do not show D•ryl.l!.tun 1.intHh mhtJse 

speet.•e. w l!'e or 1'opu l ~d op~ l I esp•M>tively. 

6 eh01rs the 0tl'onrg,;est :Bel"yll.:ium lb1eo oi' MY of 

U!e grapha •. and. 1 t l:uruld; sinee pure ( gg . 77";) :h~O ""' 

Powdered Beryl W&S u.!:led to p:roduc · sp.eot~ ? , 

wldoh al1ow& etr· ngly chara.ateristie Ee:ryll.ium lines . 

lt 1fl,aa f $a:red tl1nt the g;round T.·<>I>~ m~ heve 

ocU'itEtined tJ"aoes of !leryllium h1 auch a form thet t t 

would .not ionize· i n the arc,. Qnd Gonseqtumtly e;ive no 

l:tn.es . : iooa .exper in1ental k\l?t r •. the, p.:re.ei~1 tr:..te$ •hi oh 

had 'be~n btt%'?led lU'ld e i w d u D O er n xt u~ed . · inoe - . 

the ptt;ffe, l3a0 gave $UOh !OOd l i ·nes ( .,},eOt~a 0) ...... t}J.e, 

prec ipi tflte. (if they ue neo~ should also give good 

lituu; . 

1m, precipitates ftio!l s ample$ (l) ai.nd (a) .. ... Topam 

J, ...... speetr ·9 and 10·-·Mi. and s ampl ea {3} (4) ---Tovu ll 

............ 3pectr· l.l and: 12--• s.how no :Be't'yllium l1nee., but 

ehow Alwninwn lines f ~1rly etronifl7, eupporti tll 
auth@r• . · su:rnption. th~t the p-reoipi t te · a ll2'la 
tn~te3d of BeO . 

samples t 5} alld ( 6) --f'ro s r11- - ceotr e 13 

and 15....... and e,am:pltu~ '( '} nd. (a) fro eiie..nd ... ~ ·• Al t1111 ~e 
' ' , 



fUcrth0lf nupport ing the t?..:uthor' B ise.umtrtlon th ,t the 
l?areons a.rid ll J.'i\\e:1 ttetho4 o-f eepa.ru.t ion 1g not qua.nti t ,, ... 

tiv~t ~nd th t 1 { CU) 3 ts ~ui t · eipp;reei.a.bly eolubl in .. 
bo i ling l 1 N&HC 3 • ~«>lutton •. 





ii•op~ ll 

lS:eO 

Bel" Yi 

:Pl'(fcipt tat,ee. l:rom above 
lUineral e.ua.lyiseo npo~t•d · 
am !~'O in Part l 

.t\l Md :Se 
f:H.lltttione 

S,:BlnPl• 

(1) 

(2) 

(i) 

(,4} 

{5) 

(e) 

('1) 

(8) . 

l?T$.t1eDO$ f»f 
lJ.~U•"flli\W 

... 

.. 

+ 

'.~ 

(4) 

Us> 
(6) 

( 11) 

( t}) 

f 10) 

(ll) 

(12) 
(lS) 

(15) 

(16) 
(18). 





To eQlain tll:e differer.u~11e 111 the r-eoulttt 

obtained in art l wi J?Q,l" t II, nd the deviation oi' t-:h 

reeultl! obt&in d in th$ eheok $01 tions 1 a n~w a:~:r!lee. of 

analyses w&:re dev.is.-d . $1:x ttolutions were pr4$ps:red -

(1) 25 co lleO eol:uth)·n (stm:ut4~r:dized Pt\rt l} 

(2) a& ea »eo $Olut1c'on 

( 3) 25 O:C Al<? 3 eolution 

4 25 oo 41:i;O~ 1'0lution 

( 5) 2f> eo *"l~ :rt solution 

(G) 25 · Ol'> 412<)3 solution.-

w~n ewlu.tl,,n •a· ~dde'l to - ~ach of the ~bova 

until the solution was n.eu.t.ral. 1- then a.acli EiOlutio·n was 

diluted to 200 <Uh h$m.ted to boil in 1 22 gr· .003 

dd•41. tirredw 11 ~ill di eeolved, ooiletl for 10 3eeond&1 

an« f inully filt.l."e<l . 

( l} and ( 2) l'ta.4 n<> vtsfblc p;re-t~ipi t~ate aml r~t.ei­

filt~~ingt 'ifl\~bing th•r<n1ghly with 50 oe l~ mt. l 3 s~lixtion, 

end lntrnin ., the follow!ng r sult• ere ob-t.~ined. 

C:rueible a:nd residue 
CrueSble 
Ree!clue -~ Ala03 

( l} 
9 . 6119 

.. l:;6f!! 
. 0001 

( 2) 
9 . 8£16 

. 9 ,827; 
. 0005 

whioh gGe to · h.~ that/ n·o :BeO wa-1 J?'r <Jipit~t fl'om tbe 

l1atiOO~ ., &o th :pha.tHf 1> the · et'ar""thm w a •el'y go-od • 
. ' 

l!o ·ever w · did not n.nd will not. tu.ke into aaoount the 



B l!'flliunt that h1 &d$Ol"b~d by Al( OJI)s b.t tl10 lfJ,,O't-Ual, a;n$ly ... 

tioal p~oo ''»dute . 

'l-<he p11ecip1 t· te f~orn ( ) Wff.B di$&olved in ilut 

1 Md re r 0ip t€!Lted 'f:t'0fl'l 200 o (plus or minus -10 ~o ) 

of bailing Mane ;3 tJQilut:i'On, ·tm the t ~o filtrate. oornbi'nec.i . 

( 5) waa t:fit .Q" ii repreoi:pita.,te4., eE.teb time r~o 

1. .eoo co t boi.ling 10~ 1'. ~~003 eolu ti<>n and the :fU.tlrt1.te~ 

c:o.m'bined. 

( 

Th$ f ina:l {)etubined ftl.tli' ·te~· of th~'fita. ~cmp1eG 

.e~- acid.if'iet •1th Bel . boile(i to ' ·el(pel C0,2t QO·noentra.tH~df 

t\lld precip1t tr 4 ith lil!40H• w hed •11r-i••• .end twice 

repre4i>t1 t ted to :r ov tl c non-vol•til.e s . t • The 

Al( on) 3 wll·1oh 

(3) 

10. 11''10 
10 , lll'O 

" d. j - - ' 

. 0060 

(14) 

9 .:9302 
!~·~·~~~ 

. 0097 

( 5) 

10~5746 
10 .5(),1:~ 

. 0131 

(6) 

9.ea93 
9 . 8'112 

•. 0181 

~00 QO Utl d, 400 CC fi()Q. (IC 800 CC 

Th above sh.owe that Al(OH)3 5.n- quite app~cci..,.blV 

t1olubltl in boiltns 10"" J a1IC0'.'3 t'!olution t:4 about 2.5 mg 

pe:t 1'00 co a.ceor;ding.t)! to th~ '%" $ttlt6 ne1ow .• ~ 



· •. rom. $ a;m.ple 

(3) thG aol't:tbility .a,, AlaOi ta . 00300 gnia. p•r :ioo co 
(4) the . <!il.Ubility ae Al,nOa ts . 00242 ~.a .• per 100 oo 
( ~ ) th sol tbility .. s j :zez ht .ooa1,e gma .• pe-r 100 ec 
( 6~ the fcJol u\:}ili.\y &e ~102 1e ~002.26 ,ps, :Pt:C' 100 'O·C 





Tb• t iH) Top_. 11a1:1p1e$ do not e~nt~ ln Bet 

ne vi . $ t!'hoW by ~~<? ubn :rnce t)f Qh.a::N-of;e1"'ietio :Sel'yil.i 
.-. 

liv"'-$ in the ultra~violf.tt fipee·tr"' of th 2 ·. minerels . 

T1ie a~~I1l . ~f :s~ry'i. p~ob~~'bl ,y ~-(i!ltail'l~ 10,jf· 

OJ' l~e BeO, !tt(:: r~;HJ..d o-r t~- '.14,~} #iS ln4i.e ted .,,., t le 

. 
• ~.l( 'H) 3 !$ P:P~ ¢1a.bly ~lubl.~ !tt b ~ltiag 

11-ali\:0'3 w1d th'I? '.i.'.'ep-CH'itC.d r,.~,l!'o-~t.p it;;.i.timau pr0:4 ttQ(t Gr 7ar7 

qu. · .~tio:nable 4egr• _ of '~O~\U'e 1 in the ile.,- r~ ~en$ . 
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