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1 .... 

Sm:1.r.aary 

':.
1lu: ... -...1.r....- ose of the research vas to find. a chee.p 

me thou. o,.: breakin,_ -t'rie double s 1-t; , Uennis i ue , into i ":;s 

com~1onents. 

2. The pr Jerties of ~enci ite are briefl described . 

3. ~he following three ... ossibl0 \lays of s littine 

:)enr..isitt: ana. recovering i-+:s co.c.""oner..ts we1·e tried. 

e. Crystallize.ti on of tri-sod.i:..un ... hos 'ir,te "ro 1 a l:!U.Je -

sat.trateJ.. solution o.2 Dennisite. 

b. Sepa i:.tion of the hos.1ha~e as the co11 ... ar~tively 

ins l..1ble tri-putas .... iw1 octa h~rdr te. 

c. cidifica.tior of t• • Denr.h,ite Lo:.ut.ion and. cr·ystal-

ization o.:'. socli .1 tetra Dor ~;, anu.. BOQiun 1:}ros~1'1 te. 

4. The acidif icat io of t' .e De ... 1 .:.site sol.u.+.. i0n as 

.i..OU..YJ.cl to oe t·e ,ubt satis.Zacto1·y !lea1s of Sc::1)alc<tln
0 

sod.iur.1 tetra borate: .Lro t: e .... ol~tt..:.or.. of t e u..0 1bl1;;; se..:..t. 

E:lLective L. ,:ir·t-ve.1tiL-..., tL e ... vr it ti0n of Jen 1isite c:rystals, 

and. i .J....:.cates +.,' t t a.J..l o..c.' t .e solitL ..:, 5e.., .Je vu e o..:,u-i:, th 

sa 1e at 45 as t-:t Z5 Q1;;<.Jrees, e~ ce t tt.at tln-:i 

sol..1:J ili t Les ale hlCh .3r~a ver·. 
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i to ., o t e _ o :." 

T lo 01. 

}._ t,;.., __ t;; rL ~ !":.S e· t:lu_. ., r ~l e 

-- ue ica d , 
_i.; icc..l Jo l.i. + e o_' t e ... 

-cr.i st 1.. .. (. ~·-~11.\,4 a c... De .1. itc: ( _ "'"' 2. .....; -a ..... _, - ~-, ..... -...,;,,, 

uear .. e ~c..- e r.:.n 
' 

,j i le s· t--...ateQ 

l. th 00.l X t t \ i th e nL:;;i e ii:, w I; +o \ t ib 

The t t· e 

Je is i e '--- to o.i. +. .., .L il is ut e 

r a tt..: o ~ o l~ JO t ., e 

IOU ts vO 

V r laI e LL u~r o! t 

e e slh'ficientl: lv ~ it o, 

rt t' is Q J. J e sal.t , c' b. J.._.e t 1e 

s i a le: ..... o s. lit 

ta o t to t' 

tet a .JOr' te ( Dorex , ..l. ol' 1, net dell + e E-V' ro ct , tri -

e:r 

'"'o li t~ , or e an-...., it to some o ex val s. lt.;; for . 

El Ch a t i - . 0 ta 2 :-.:. L.L .,_ 0, .,_ :.,. ..- t e . 0 t 

t:Lis Lst "'rouw v 1.ld. tea esir e.01 

...la .t t rro ·-· , 

ne .Ji c ~ one o.: 

tre two cl:ief 1.:oa.J.cts ib nm "" oL ... ssiLU cr ... lor-ic..e . Tis 

is bold le.1·t..;ely to the er·tilize 

in their co. aa cial ~ertilizers . 

_U:::.' ctt.. ers or u e 

I t wo -1.l"' b , ver ' 

adv~ t~ge01s to s stitut t e .1 o~~h te for the c' loride, 

bece.J.f;..1:; tl:ct 1i1ou:a. t nn to .,_1 o..=itable acco t a ...)lant 

rod".1.ct tr.at is now a coo . .:.ete loss , increase the :v1:,..i.ue 

pr ~it o_ the . ot siw1 contei ~ , uince t e chloride 

.akes it le~s de~i1a le ~o ".1.~e ·s a ·ertilizer , and at 
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t e se time '{ ,1 red..ice t· e .p e.:. ht ch r s , ·ince it ..... 
~ 

ilOUld 'ce l eaessar., t e t1ans.ort_.tion 0~ th~ -'-'art of 

the )Ota h th.at has no val e s a l nt oocl. 

Because t e Ja teri l'"' -1;· G. t i5:1. t IJe rod,wed. 

ord.ins ib C a lo· .rice on t e arket ,_ a d. l>e~a St! 

of t e a die l i__,h . 
... .L e i...,l: t t L OS .., tr e 

lee .,ion Q.,_ t e so;irc f :r a ls, it i..., es e~t.:.. ~ 

..L 

t 18.t a." .JI' ess t at i vel e or.ie of low it 

oosts. ~le - rtic le.r - r .. 1 Ln v. ic _._ t e t,;e a.. t e 

ra+ is 0 t i ed. is t Q_ at i ..) rt si ce, i_ 

sod.ium et borat is obt-in j_ it co .1.ld. be - U.-, c' .L to 

the la t C cle ~t a l. C 1 ere eta borate C. cl t "".;r 

l)orat :ce_ t in c__uili. or i wn. "\' th 1 es ce of c_rbonate 

c..rd ..iic 0•1ate . J.: OS.., te C n .J sold in a f ~ l' i.tt 

_or t roe. r:..s ... oi .te out V ir:.. t' .l..:) tic tl .L C 0 

tri-... ot s i ·.os : at './0 lc.i. e t' e I) t u ir le. 
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It , ras th01.: e:ht to oe best to a tte nrt to solve tt is 

. roblem as one concernin th solubilities oft e variou.S 

salt tr.at were a_..t to Je ac untered. 

sol bilities a uottle cl~~ r was ... Qt i 

b u.t i tee 

To stuJ.., th se 

,; ter u t O.L 

Lt1nd.red. 1vatt i e ·::;ion ty..,.,e el Curle e ter , w.ic s 

c. nt. oll1;;" ., a .lel C U., ' r Cl. .__,l S " + ... a ... or . .2his 

Ou.t 15v CC 0 ... leIC:..u.~ , 

contact t1as rr d.e in a c ... illar.r tu... o ... aJo tt 0.5 

internal di eter. Tl 8 cor.te.ct i th lt;l cur 

one sit: , ire on tl e ot .. r. 

r;_, e whole contr-ct t ltJe w s ..:'il..l d. it u.i::,iille," W' tEa.t: to 

ro ..,...,ct the C.J_.. .._it-r a. alue. 1 • T .. is t~_e of a cont ct cs 

.fo m to ue nece:;,,sar~ to ... r otcct t' e 1 ela"'r c n-l;acts. .&t 

4 

tht; s 

t :.ire 

·e ·, sensitivt; to te, er -., -

ve1y n arl co.1 ta t. rat r cha1 us s di 

ta e ... 1 0 co-1.l ...... o.., be seen on a t:i,:;r to 10t...,r calibr te 

with 0 . 1 euree ce ti zrde 0ivisions. 

te to fit t e ordi lr l")J cc 

0.:.1 sa.1""le bott:'..es . R.1Joer st') __ e.1.s, ti)1tl., wiru·· i to 

... lace e:::.·e tr1e o .lly t ln • tr ie t ' t \ t..t ... ·ou:n to oe 

sati8factor.) . 

as turatod sol-1.tion o" tri-sodi 

de...., ees ce . t i,...,raJ.e. ~-1. er st0 es ~Ovv er , r& w1-



a!fclcted at tis te .erat1r a_d re ~i·t ti~ t . me 

shak r wa of the t . .,r.e t _t tUJ:ns t1e ottles co ~letel~ 

over about t' il·ty ti es e ,in..1t1J. 
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fill lytical .et 1ods 

The ..:.'ollowin._ net'10 .... w r Ll.Stjcl in t'le ana_, sis o::' 

the _ueous solutions t ken f o 1 the oil sa~ le bottles. 

Sa"'ll tubes of filter .... a .... •er , r.i.ade o it the end of 

a pi_ette were u ed to filter tho olution. ~~e to t~e 

hit.:h viscosity of ome oi.' the s olu.t ions hm.ever , t'1i 

method was never verJ satisfactorJ. The ilte iTug 

o .... er,tion usually took so lon~ that t' e li l icl in the 

lower tube of the :pi_,_Jette wou:d. cool to such an e te 1t 

th t the elution 1i ould. .Jeco1 e c.,reatly su .... e se,tm'c ted and. 

beein to f0r~ cryBtals . This \OUld ~re it ll ce sary to 

try another ilter ~1 pi.._ctte . mch rore atisfactory 

nethocl of sa11 .... li 1.'..., , c;Sl)ec ially at the i~her ten ... era tu.res 

1as found to oe the 1'ollo iTine _,roe lu e . .. l.Lov, tl e 

bottles to 1 e1.1ain Slls...,en eel in tl e th r .1ostat , after 

reaching equiliori~n, for at lcrst two ul~ tcus , and 

:pre.ferablJ t .1·ee or .L'o .... r. D t ·L-~ t is ti -• t e so:!..icl 

.,)1ase will settle to the otto i , :cavi e th sl:pernatant 

liquid uite 01i ~t . u8 . 1lts re re 10ved.. from this 

Tbat t ese sol'ltions are cmi te ;"re~ of anv of the solid - ~ 

.,_lases is indic~ted by two t 1 i~ , first , tle~ are _uite 

brit;1 t and. s cona.. , by wor:<:ine raJidly it was J.~ J..ally 

... os ... iole to :~ave the sol-1.tioi:s in coverec.. weii: .. .' ing bottl s , 

cool to r·oom te .... er at u"e wi thoLlt cr.,rs"v· ls for 1i:n • Suet. 



s pers tarat d soL.i.tions were ver: e ily oro.K:e 0 tdV r, 

and,· en crrstal f0r tion ed. or.c~ started, it wo1:d be 

onl . .r a atter of s cond.s until the v hole 

solid. 

ss had become 

The most satisfactor~ .~thod of obt ini~ sa Jles 

for analysis 1as to re ove ~ro one to tio ra 1s of 

s0L.1tion fro, t e il 

This as .ei...,hed ls a 

-~he solutio1 ... u.etcr iine . 

i..., in bottle anc .. t' e w i J. ... t of 

I t \Ja t 1en 

of so ution in a volu11etric f~ sk. Sa •~ 1 , varyin..., 

fro, 5 cc to GD cc , de . , in· 0 t a &lynis to ..ie de, 

and. t' e co lee t1~ation of t e .:,UL, ta.nc in t' e sol tio 

\ r ~ i. etted i to co ic ., 
lob l"travir:1etric or was .... o • 

done 0 ce, b...tt t1 e vo.:..wwtric d teri LiHtio C Vi er 0 ... ... 

it t::l L .. dl_ liu + o:r tri_.:.i t , 'e ... e d.i on-+.; e 

7 

ace c·dsilE.- , d. .., 8 c' "'c-; ri tics o ... t' volw etric 

1, e" o d. t o e lS c; J.. 



Analytical nrocvdu.r e 

Sodium lts o.e weak acids. 

'.Lht; solutior: ron t e voltutc:~~ric fl S<. w~s ,:trcted 

i-:h 1.1 nor1al H Cl to the meth 1 oran __ e 10. -oiJ_t. At 

t i hyuoge ion c ,cvntration t 11;; bor·atc: is :i..vsv:it s 

bo~ic aci , the _h s~hate as t:e di- cid sodium salt , and 

the car onate as J ~ · e e. 1ount of acid. us ea. , "u .is · 

...,ives a ... ea11:::. of <lete1 inin .... the , 10-illt of c.cid sa.lt 

pre ~nt int· e sa. le . 

Borate 

... rovid.ed. ure aterials w re ~se<l t e sa 1_ le can 

inrnediately be toed .?or t e bor!:'te tit . ..1:' tion. 'owever, 

i:' an.,r ce· JO 10te is re..,ent t'.e s ... le l Lt..;, t be e.ciu.i 'it;d 

vi tr: G cc of J. l t,or 1el hCl bc:;,_,rona_ t e end oi t , br ..1 .... ht 

to boilin'- , coolt:-c. , nd re_dJ ,..,ter v it 0.1 UJ.!'.' 1a::.. 

to t e 1e t ., ~ o... 1. e e .0.. o i t. 

tit1et1:;;u. v.it' ).::.. no1. 1 • UL to t e 

... i t. !hen -:, i '..,1" t • 

~cid it1 boJ:ic acil. 

.... bor te • + V ... V .u.tio .... it is 

ts e l ; 1 1a it e is conve 1it- t s .ustt ce to J. t;; nd :!..s 

s.tis.Lactory for ~ ~ n1yceri~e is just s 

satisfactor., PS .,.'e.1 s t ,._, s .... r ... ne .. s of tht; nd .. oi t is 

c nc 1ne6. , a. l e ad. 

1ore co ,Ilo l:r avail.able. 

8 



nee ss 1y to s. j ot it it· so_i ;dro. iue s latior.. to 

the )henolphthelei end. _oir..t , since co u1erch .. l l.,rcerine 

is sli~htl~ cidic. A::'..so, t e ....,: ... ce.cine • u;t ue exa 1ined 

occasionall~r, since it wi:l. olowly a .... ain bee 1e aci' ic on 

stand.inu. 

it wil, no loner dee lorize t· e enol • -: ... 2.le in. 

ttiL.__s are essential t tht;; cc r~cy of t1i titr tion. 

The 1 -':.iou ,'1.St be c rbon te ree , --rd. t' t; ueu .,1 orc:1.n~ 

st be c d v r s r1i l or the enQ 

titration ill e ousc.i.1.-elJ .. 

it oft e orate 

Phos__ ate 

'11' • 
.Lnl d. tc;r .1in&tion was never fully eti factoi-> Bince 

it we.s elJ. 

-~ore c Ill on:::.1 differ t;;, t J. te ir..ations ou: var.,r ....,.s c 

For t' E.: ..... r,eir... don , t .:_< ar:, ati::. ... ect_r.,, 

bu.t c E'.n.__1;;s in i:;ecr.ni ,.ue a.re cle. ly in.die te . Tl e 

i \., thod is not o ... with v hicn .__.Le t ac c J.rac. is _ 0. ""i t.Jl1::, 

"uut with tl e pro er tee· • iq_l...e, cc 1 acy of l,~s ould be 

ex_ ected. 

for ho h .te de-t;er in£1tion . The s . n_ le to be c-.n8lyzed. 

we.s .. de about five nor 11?·1 with nitric e.c.:.J , and the 

""h sphate ... ruci"" it~ted. vit a 1 r e e. c ss 0.1. n1.1onium 

1 
J. 

olyJd ... ,te _ t :i: l vi1 .__, sc.ttled _ or a L., , .,le 

yello .reci itate il.,0r ed o t , LS in.__ a ' 8 

9 
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ro . 44 ilter .ia_:,e ... , and we.siled. with 5,; lC.TC3 solution until 

the ash we.. ter •i/8.S ne tral to litmus . Tne ycl..LOW 

r6ciJits.te was titratvd 'v it' O.ln 1·mal Na r to the 

!ho .. 11;:;ver . hOS.Jh .te is 11;se.1t in t'1e soL.1tion a 

correction o:' the uorcte ti'jr .tion ust 0e t ( e , siLce in 

eoin...., ... .'ro t e e.., .,rl ora.1....,e er ... d o • nt to tl e 

end .oint , sodiw. CJ roxide is~ ed Jy t 0 .hosph-~e _ich 

ctan._,t:;S !run e.J .. 1 oxi tul., t e 10 o-sodiur s lt to t • i-

sou..i..l. Sl::'lt. Co1:... ection iG 1.n.tsto 1' r-.:.ly 1 de ·or t i:c, t 

allo Jin...., 9C.~ of the sou.iun ':i clro.x.ide t .at wou:.G. e 1 e 1ui1 t::d 

forte~ n itative conver~ion o: 11 the .los1 te 

1d s~utra tin...., 

thi ~~8 vit fro l ~ e ol..l.r.t f our.i i ... th Do::. te 

clete11 Li -:;·or. r.i• .e 0..i_.1. t: .... we is t' e -:>mt o· o 

1: J 1 oxicle a.ct l' .1.lJ 1 v--.._ i 1;;, 
+· 
V L o.: t E:; bor_te 

Dete ... t1i tior:: 0: s .ell ' .ounts of' oar te. 

In s,.,v,.,· 1 of t ~e olu.t. o - t' t co + il: l 1 .... e v 

10unts o_· .J: OS 
, ~e , +' e1e is 011., 1 ~ o mt u.f u .i....L 

bor -':;e in ~ + • + e ,_._ ,,.J.:i ·:i.: 1. Slnce , BS '~S ... o.:.rted. ov ..... l.,ll n V 

out C::.e t 8 ro • vd.i.re _ r t \;: • te 

l unt 0.s.. "' t.i.o ... o_ tl: e 

1 r e Jt- s , it i::i evic..c; .. t ..,_ t 
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t:t od. o.f o ticn 

'"-)- lie tle to C b 8 \I - t: e 0 
, 

ve1 , s 11 ,,jU:.: t 0~ -., - ., 

00r~ te in t e ... r•1::; e ce I,) _ 1._.e 0 1111° ... of 

. r os ... h + .., .L .. , sa 1_ les '.I ·e n 1., zed ~·01· 0~ .te b the .., . 
met. od. i VE:'11 b l o .,re in is u lit tive 1al sis. 

'11h is et:t. cl t: 1.,_ loys a ;j t of co:..or f::l t l 'e :.i_ 

~rom alcoho"'i. , ~-.,:dr c .:!.or ic ac_;_" , t . ~ric sol ~io a .. --... 

u.efi1ite OL111t o . ..,· 1;; s u;;i n el 

in I v S e \ .. LI. i "':.S CO .1.. • C 

T .:.o ei,1 od 1t:, '" • te s i ic le. "1.,l., c te "'01 t 8 C: S1:;S 

e .. t..i.o .. e a 

t .t _re~ it~ i o i le, it t e vol~ v ••• e t od 

._.lven 1 t.;;V:i.o .sl..,. 

! 



Dennisite 

ne i 0 lte is t.e .~G.r t~Q d ole ~ lt of so".:.w1 ~ u. 

bo .... -i..e ,.& tl:.- '-'.Ju ·u..1 s ... t0 (.i:"~ .i. ,. C,. ,.., .,,.3 :' ,. 3 ·· 2. ( ) . 

The , teriE l er, .... te.lizes rel::., alt' o +J e ir .. t , tion 

in _ l.:.. , o t 1 y y 1:; d.i_.J_ icul t. 1'he c:r-., t .ls .... ;; be 

The., beJone to the tet_ 

a gonl ::_ RY te . nd. h v a char. .. cter .:...,tic a.. earance. 

These cr.,~tuls ar _ a a.e ~el ov culor ~ eL iree of 

flav s. A..llother i<...e .ti tJ ir.. ___ ..,rar cterlstic is ..., el 

1 e.!.tit:...., ... int. T e.,r me .... t i 

crysteli~ation har ... lv st 7J.9~e r~e~ G , ~ivi...., a cl.e·r 

l.i. ... .1.:.d. 

It W's d.(jsired. to d.ete1 Le .L. u ....,ru., C. t e ""Jlu.bilit~ 

ts were curve o_ ;)en isite ' s ' 

Te 1"' G • °!,uJ:e C 

lU. t e 'ol 0 .L. 

__ nhy . "Je· i. i te 

1i101s/:.. 101 .... :n. w ter 

8.090 

J.14'--



O.v52 

0.82 

LOO 

1.54 (m. . ) 

_·he..,e pointo are ch r ... ed on an 1:1.cco ...,~nyin'-' .,_E>t,e. 

ennisite ce.n.not be ke. t in the o. en air ,; itLout 

d.econ._. sition. ~her is no .... ""id. ch n'---e , 0.1.t .:'tt.r a 

faw ,eeks , tne crystals will acu nil te A co tin~ o~ 

sodiu_m carbonate. Ttia C-rounate is st ULe ins l1tion 

13 

at tll0 lu\ t:r te .... r tur s , u.1.t i.2 t e :;:;olutiun o_ carbon .te 

cove ed De isit ~ 1 eatel.L &.D ve ..,L t.,r ~ svve.1t., cle...,recs , 

'--' • dll " e gi V ll O f • ~eco osition of t1 c rb te 
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!:et od.s for o.._litti '--' ,.,·e dvllJ~ ..., 1..,:. ·t 1;.;;I1;; trieCL. 

~he first ~tte ... ts t 

s ccesGfi.ll bees. tSe t' solu.,ions of uora~ , so iJ...11 .., ro ide 

~1d tri- o i m ~hos_ .,e , >n c olin 

s tu.rate witt respect to De ioite to s:.i.ch n e t,E;.t t t 

tri-so'.iuw. 1,·. s ' tu \ 0..tl c1~ st ize OJ.t . Tl is SL.. tSt s cl 

si 11-le an c ea... 1et· ocl f ~r recover: in._. both ~ 

t uo:.. te. : ow v 1 , once t e do ule S' lt 

had been • E-_ l :1 , t' .!.s . vt· ocl o' e_ re~ior. o 1a. nvve:r 

1 ror A. 

notr er et ud v 8 J.._,....,e...,ted. u~ t e ... e or-: in l. fur 

p '" • V • 
vl 7 ... 7o b., ..., n ... t J .. necze of co e.tiv .J.. 

in::.olu.blc act 'lj .r te u.2 "!;r i -"" t Ei iru ... os ate t t is 

&table bt:ow 45 le rees c nti~rade. ull Ji e tions or 

the ~re ... a1· tion are ,_;ivc 1 , ,ut it \as 1..vvr .. o ... B.i.LJle to 

t.:t the solid se escrio1::d in s ite of n ieroa.s tri ls. 

ence , t Lis v r r u. to e t:.:.vt::1 ,;; . 
.11.nother oLsiole 1et od o s. 1-ittin__, t t; t...ole s lt, 

out oorax a1u. ... o e )hos ... ate 

s lt. h ... reli inary tria~ o~ t_is. bthod, s nC.. 

by er st· :lizir.c fl om a SO:'..J.t ion t' <:. t co ta. (:; 0 ..,r clO v 

"Dennisi ue ... ...,se t , a u. GIJ , lf t:; oc1_h ~:.a to e t e 

oorate ~ t.: ·1t to >JOI' x , a - b., s ed.ir \ it:1 co. rci 1 

re. , ... ri..;ci.it t 01 
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OJ~a..:.ned r~ G. i at d8 d ,__;rees C 
..... 
l, r_ e . ')1 • C 
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Data from Teeple for phase diagram at 25 Degrees C. 

Ref. The Industrial Development of Searles Lake Brines 

Chemi cal Society liono raph No.49 Published by the 

Chemica l Catalogue o. 

mols water mols B3, 0; mols acid salt 
Point mols B2 o; PO& mols B,l o,;. po· mols B., o..,· por 

... ... ,I 

260 79.6 0 0 

261 102.5 0 1 

262 224 1 1 

263 28 . 5 1 0 

264 50.5 0 . 318 

66 . 3 0 . 132 

98 0 .803 

265 90 . 234 1 

145 . 522 1 

238 1 .833 

132 1 .118 

61 . ? 1 .043 

266 28.3 1 . 028 

272 28 . 7 .998 0 

208 . 333 0 

2?3 80 . 016 0 

278 48 . 1 . 024 . 288 

44 . 2 . 115 . 394 

277 ??.5 . 28? . ?29 

109 .90? . 147 

279 28 . 5 .999 . 026 
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Data for the phase diagram ar 45 degrees C 

mols water mols B,._ o; mols acid salt 
Point m B.., 0./ PO E mol s B

2 
0/ PO; mols B~ 0/ PO .. 

f. 'I 

1 12 . 8 l 0 

2 13 . 0 . 994 0 

3 32 . l .0284 0 

4 8 . 23 . 185 1 

5 17.1 0 . 436 

6 10 . 4 l . 283 

7 11 . 8 . 192 . 797 

8 10 . 8 . 988 . 233 

9 17 . 1 . 0202 . 416 

10 25.2 0 0 

11 69 . 3 l 1 

12 11 . 5 0 l 

13 56 . 9 . 333 0 
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