{co-Ch««-a-56») E<D-Jt9f

CUHTOK ERGI HKER WORKS
TOIFS3SKK fcASTHA* CORI’CRATICi
COMTRACT HO. H*7401- ang-23

February 16, 1946

A RAM MKTHO FOR- DCTRIGLRATI CH OF NATER 1H TOj

B- B. Baranh, F# B» Lee, and t* 0. Curtiae

SUMMARY  r >,3

T-3
A Sft ofi<a3@mndltlona la deeoribed for a ten minute datarainatlon of vator
in TOg/Eyidnition and abaorption of tha evolved vator li*/majpaalua
perchlorate, Complete goutoralon to TjOg”ie obtainad undor those .
oondltiona, oo that total loaa on Ignition and total t*(plus non-
volatile lapurlty) oontont nay also ba obtained”

It has boon found wmeoesaary to employ owpper foil to prevent
interference by nitrataa, which may ba present with a nitrata/watar
ratio as.high aa b and in an Mount that doas not axoaac 100 ag, (

IMTROOUCNOH

Aa a control on tho production of TOg by tha o*lolnation of hydratad
T, a simple and rapid aethod for tha datarainatlon of watar in TCg
was raquirad , Simplicity la naoaaaary ao that a taohnlcian or operator
can perform tha analyaia( Rapidity la raquirad If tha raaulta ara

to ba accurate 4 for the ample picks up an Inconatant and indeterminate
amount of water between tha tlmaa of sampling aud analysis.

Consequently, an Investigation vaa begun to find a auitable aathod.
Aa previously reported (1) no success mi matin tha attmapta to
determine accurately tha moiature content of TOg by either tha Karl
Flaohar Titration Method or the aoatio anhydride temperature rise
aathod, Work was than begun to improve tha combustion method™*

currently in uaef to allow it to moot tha standards set. Tha efforts
in this direction ware suoceasfhlo
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Proposed Procedure for &ater*ination of Water in TOj,

1.

20

Apparatua,,

The apparatus and procedure were simlllar to thoso
eployed by Beacham and Hubbardw(2). fho apparatua
inoludedi a cyllrvdar of oil pumped nitrogen with
tha flow rats oontrollad by a nitrogen valvea

A U-tuba containing oaloium ohiorlda and ioa« In-
dicating drlerite*

A U-tuba containing nagnanivoa perchlorate,

A calibrated mercury nanonatsr.

A MoDanal combustion tuba of high temperature alundua;
langth of 70 am*0 bora of 3 ca , with tha outlat and
oonatrlotad to 0.5 oa«

A multlpla typo Hoakina ocaibuBtion furnace oontrollad
by a tarlaoj

Several poroalain beata, coora HO, 6 A, 16 m by 100 wm*

A doubla atopcook U-tuba with 12 nm®™ bora oontalning
10-12 grama of magnasiua perchlorate.. A ooppar vitra aaa
attached to aaoh and

A U-tuba containing caloium ohloride.

A taat tuba oontalning maroury to aarve as a safaty valve«

Procedure*

Whan tha apparatua haa baan out of uaa for as appraolabla
langth of time, tha fumaca la haatad and nltrogan io
blown through for 20-50 minute* to remove watar from tho
apparatua»

(a) Tha nagnaalua porohlorata oollaotor la tarad, tha
waight recorded, and tha tuba plaoad in tha train
at the outlet c-d of tha comboati on tubaa At all
times whan tha oollaotor la off tho train tha atop-
oooke aupt remain oloaodr Tha oollaotor la only
handled by tha ooppar lira.

(b) Weigh the boat and record tha weight* All weights
should be vtade to a tenth of a milllgras -

(o) Add approximately a one gram sample to the boat,
weigh, and record,

(d) Quickly plucs tha boat in tha combustion tuba and
push it into tha hot section of tha tuba with a
metal rod hooked, through tha lip of tha boat*
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(e) Leave the rod atteohed to the boot, stopper the
end of the tub#, open the colltotor stopoooke,
and turn on tht got stream..

(f) After tht epeciflod time, turn off tht got stream”
oloto tht oolltotor oooke, and remove tht collector,
touch!n|; only tht eopptr «1re  Stopper tht outlet

(]) Place the oolltotor in the balance case* Remove
tht boot from tht oambustion tube by pulling

out tht metal rod* Stopptr tht tube. Pitot tht
boot in i desetoator.

(h) Weigh tho oolltotor in tht balance cose* Record
tht weight* Return It to the train

(1) Calculate the roeulte for water* gala in oolleotor
weight/rt. of staple z 100 -~ % water,

(j) Weigh the boat then cool. Record the weignt, and
calculate "T" content and peroent lute on ignition*

wt* of residue z 0.8480
T* Content* wt. of temple *AW * oy *

lots in esaple weight
L<0.1 1 wt. of temple *X* ** U04,

Bffeot of Variation in Tetperature and flow Eatet

Tht answers to two major quoetione vert sought In the experimental
plan*, Piret, that temperature could girt an adequately rapid
evolution of the oombuation materiala. And, Second, what gas
rate would quickly aveep the moisture into the magnesium perch-
lorate- Tht latter.should be the piTotal point in a rapid
analysis and is limited to the maximini rate at vhioh none of

the sample mill be blown out of the boat*

A nample of Wallinokrodt TOj wae used throughout. It was

kept in a ground-glass stoppered bottle and was weighed into
tho boat. Tht weight pickup on this slight exposure was found
repeatedly to be negligible. The Mhaple was run n number of
times at high temperatures and for extended- period# to

aoourately determine Ite water content. Tide was found to
be 60%*,
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Slnoe the lua TO3 batch m » uaed threadout, ion* moisture
pickup met to be expected, because the bottlo «+ frequently
opened to remot* samples. The amount of moisture pickup
appeared In the Inoreload loss on 1pit! on ufc'ch could bo
corrected back to the alerting figure for lose on Ignition
and eater. Those changes uore accurately doUreined by
ignition for on hour In a auffie fumaoa at P$0°C.

X all the following tables of data, the last column lists
the corrected percent eater by aeans of thlch ¢ comparison
of results may be msds. The accurate value la A
deviation of plus or alnua O.If it tolerable for the desired
analysis. Correct amlyooa are starred.

The first series of experiments vaa performed it relatively

lom temperature a for varying lengths of time with the oaaulta
shown in Table X

TABU 1

EFFECT OF TIME OF 10NITIO1l OF TO* AT LOV TEMPERATURE

Sun lot Tina Temp. Rate Determined 1.0,1. Corre<ted

(min) («0)  (oo/min) i* .

: V js

W 16 600 T60 1,16 6,86 (I

16 660 TOO 1.63 4.76 6.,6:
(3) 16 660 TOO 1.16 4.TT 6at
(4) 90 600 760 6.57 7 88 6 3*
(5) 30 660 TOO 6-80 4,717 * v
(«) 46 . 600 760 6.67 2.91 lire

Sees interesting ocnoluslons may be reached from the data in
Table 1.

(a) A temperature of 6Q0°C vaa Inauffloioot to yiold con
vertion to TgCflc In a period of 48 minutea, ao that tha
peroent loaf onignition la muoh loser than tha value
4.77JC obteined by nuffle ignition et 860°C* Tha average
value obtained by ignition at WO°C vaa 4,75C*

(b) A period of 14 minutes at 600 to 660°C la too short to

A"



*lIm owilwottoa of all U» voter with |[U flow of
W~?t0O oo/Wio A 90 a*out* portoil woo UtewUo to-
auffiolaat. Tte olightly high rooult obtalaad to <%*)
wot probably duo to tho woter pUkod up frto (4)*

(o) Although 19 wimttea to on toaufftalmt longth of Uw
it thoao flow rotot for to iceurate tolitei dwter
atnation. »UU tt ony te woo® ttet tho loon to
1*3* £«* it MO0°9 to quite taourate, I*#*, >U
eatertal woo drtvwn froo tho a**pto

(4) OotBf tha flow rotoo and toaporaturo opaoiflad la
Tabl* 1t 49 olautet would appoar to bw o oof# ported
for a wotor dotard nation

In tho amt wonto of otporlawnU roportal U tabio 110
tho toggporaUirw «u rodood to 890*0 tad tho rote of fM
flow «m lowwrod to 400 vu”In*

TABLE 11

THE EfTOT Of IOygM HM* AT 850°C AND A TU* RATE
....... ” Srrofrjc7»in™'

ftun lot flaw Datarained

o JL

1«48
2.40
2,50
2.40
2.67*
l«57*

At tho hlghar tonporatura of 860°C a algjnifloant dooroaaa
In tho tlao ro”ulrod for aoourato water dotomiontton waa
offnoted. Conrortion to TjOg bringe about rapid arolution
of tho oxygan and aoiaturo* and t50 ainutwo la auffiolaat
to giro an accurate rooult.

for tho owrioa roportod In Tabla 111» tho tmporaturo waa
kopt at 860°C for rw»ld owolutiou mad tho flow rata was
Inoroaowd to 760 oo/bln< to giro aoro rapid collaction >



The rew Iti obtained foi watwr omtimt within 10 winut*#
appear to bo fairly o*tlefactory *that i». within 0 H_
k fin ninuto oonbuaUor at **e flow raU yioldo low
retuito The etoeing 4iecr«p«aey botwoon l«a« on ignition
ft [u>ee la duo to th* fact that the naplai wart rut on
41 fferant day* and ara not uh.ooclogically lifted In th*
table., Tha oorracted percent water la not booed on theao

fl gut#* . but on volute dotomined by aa houra ignition in
a suffle furnace.

turnin
H ~pygcTor imbneat nxsat 660*3im k mb hate Ct

760 cc/nln.
Kuo Hot Tine Dwt*mined LO.1. Corrected
<ml«) 9 (%) S

15) 6 134 . 2 30
14) 8 | S3 . 2 19
16) 6 131 . 2. 23
id) 10 It 64 . 46
*0) 10 MO 4.90 2 62*
«) 10 2,74 497 2.66*
24) 10 2.66 4.90 2 67*
26) 10 2.74 a 2 69*
19) 20 2,62 4.86 2. 64*
*2) 20 2.63 e £46
*> 30 2*60 4.90 2 62*
26) 30 2 64 6.03 1 69*
27) 30 2.86 493 2 70*
28 30 2,93 a 2.76
29) 30 2.76 4,96 . 2 60*
16) 46 2.66 4-86 2 60*
12 46 1.66 4 82 2.67*
SO; 60 2.93 4.99 2.78
SI) 60 £.67 4.96 2.70*

Tha next aeriaa of rue* oaa adt with the cbject of detsrainlng
whether &ainutaa oould auffioa to yield accurate raaulta at
an Inorooted flow rote of 1700 oo/ain,
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INniii
Krnrr or tonno* nm At a&0°C asp aiw ratb Or

ATj”oo/aln

Run lot ftaa Da”oiwdnation Uuo.l. Corr gotad

(¢in) $ [%) X

(52) 6 t>1» 6 08 2%66’
(35) 8 2 oC 6 11 2 64’
(54) 5 2 76 6.05 2 60
(55) 6 2 it 6,08 8 U’
(56) 10 2,78 5,09 2 62’
(ST) 10 1»91 6.06 2 66’
(56) 10 2 6t 6,-08 2 38
M) . U 1M 6,03 | 68’
(40) 12 2 84 6+08 2-.68*
(41) 20 2 72 2 46
(42) 30 2 85 4n 2 br*
(48) 30 2.87 a 2 71

Tha raaulta in Tabla 1? ahow that *n ipalti >a tliaa of 6 ainutea

la aa aatlafaotorv aa t » longer ignition uaaat hoptwa.% tha
pro©} «lon of lhoao data la aoaawhat low,

To dotonrtno whatbar th>« roaulta would ba ?oro oanalataat and
whotbar tho oxlda oould att 11 ba kept in tha boat at n Mghor
rata of flow* 3000 oo/a? n *ni ohosaa aa tha next rata Tha
data la la Tablo V
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m lyrarr or iowt-di N U; at mepc a ru* <un or

8000 oe win

Rn Hat Tine Del er*itt*d 101. Corrected

(mis) K 00 K

6 1,77 6.00 2.61*
46 8 *78 , 608 *L«*
46 b 2 87 6.07 * 01
47 b 281 6,07 2 68*
« b 2 91 w 2-24*

b 2,95 6,08 2 a0

D 2,91 6 - 2 a0
61 10 2 91 .* Z,OJ»
62 D 3.04 ® 2-1S
6S 10 2,94 0.04 2,01*
64 10 2,95 6.00 s 12*
66 2 2 B 502 2.60*
66 0] t B - 2 .00*
67 20 2.89 6.13 2 @F
68 O 3-18 6.06 AGSH
68 » t 66 6,04 2. 1t*

Frew Table VIt it aeon that *he results ob-*inee> within 8

10 end 20 cimitwe are fairly tanalatent, To reunite from

L. 0.1 .agree well with the*# cbtainsd by 1piitl or for one
hour in a auffle. The auffle result being 2 I0JI on duplioat*>a
Vo (wide la blown out ol the lost, ainoe this would lead to

high results for the % 1-01, and thoss ob'-ainsa are slightiy
low..

An accurate water determination can thua be obtained by
ignition for flee w)nut«ar anti *1th an experienced peraon
at the beltcos, the total tine fran receipt of staple to

eubwlsalon of results ahjuld la no atore than Ib Minutes and
way be aa low aa 8 lanutae,.

Allowing an additional IS aim-tea for tha beat to oool,

total T plus non-volatile inpvritira and loaa on Ignition
way be datanainad In add.tion to tl* water



0 Bfloct of Coppor |».t,

In tho analysta At cona Is the arts, a ooppoi Mi m plaood
at tho outltt and of tho oasibuotton tubo« Tho purpost of
thin van to rcaovo tho oiidoo of oltrogon. (For dotal U#
too roport by Boaohaa ani Hubbard, loo. ott.)

To dottnrta* i~tlor tho ott lo naoataory, t nunbar of runt
woro atdo «Itn it Intaroporaod bototon dntandnationa In
ohloh It not tbtont, Roaulta for thoao lottor tro Inoludod

In Toblo V, hoot on ignition wm not dotarnlnod on tht oopptr

eartat. Tho rooulto of tho eoppor norlot tro glvon In
Tttlo Yle

TABLE M

ttSJITS PSIIW COPPER ra L AT 5000 co/ialn. AXD aM~"C*

Run lot Tina Dottrain ad Corrootad
(oin) ~0 %0
00 (»
(70) ( 1.9T 2.,64*
(81) 10 1.81 i 2c62*
(62) 10 3.01 2.72
(85) 10 1.79 .48
(64) (20) (x) 2.96 2 84*
(60) 10 1.94 2.65a
(66) 10 1.91 2.80*
(66) 10 1.96 2 87*
(67) 6 2.88 2.56*
(68) (15) (i) 2.06 2.84*
(«») 90 1.96 £.64*
(71) 30 2 84 2.81*
(72) 90 Z. 74 2 41
(75) 40 3,07 2.74
[) - In tfcaao canon tho aaaploa i« o run for an i

ton rlnutoa and picktd up tho aaount of ontor notod.

Fran thin data it vat ocnoludtd that tho eoppor mat adds
nothing to tho aoouraoy of tha dotomlnations that It, tho
ozidot of idtrogon do net Intorforo with tho roaotlcn in tho
aaounta nomally found In halllnokrodt TOj Tho ttopit
oontalnod about 1%nitrite llolaturo la aonotiaot htld

up by tho eoppor giving low rotultt for ooo dotomlnatioo
and high roaulto for the following ono.



tffeete of witraiea

Ttw «nr*ct of attralea <e Mm 'ial*p*l«*t4de* of a*ft »t«*a
i* TO3 by eai »«rt la*«f4*|«Va4 N* 4* U» e
11 e+omml ftoairaftle to *4A wyta| <nrti of Monyi
nitr*t* tv rOj in ordo* te ieoroae# |lha WK-ILtf rot#.

**4 tH«t to dotorvioo tie Mator m# u*a <ffool of Mm
adftea ait-rata

Th* ooif.ht ratio of 80j, heo i» «bM( MMt y mm lo
tubattyl rttra*a heatlgrftiata* tW afora. ary aMtftte*

of tub**?} nitroto aval* aarve oaily U two* «aae ike
abaoivto MOMtl of thera ooooUUiooU bit not titt rot* 4
In order to Itteraaai tin ratio,. ***** tofacay alM ato
hoxaijydrata e»e r*ory*I»Uu*J fro* atbar *,-d hoot94 ot
100V TMo »m thae pMeeft Ik a groved *!»e* aU *tt«t*|
kottla kept la a dottle*tor*

Th* flrat terlea of real **e rode M U it t>ft**yl Nttrat#
elcoe. fr«a tha aai $Ht of tho Igki U a* ro« duo Mm* «*t#M
of tubenyl aitrato (on~droua) m* oolauU**4, mrt Um
difforanco totooon tMa weight aid Um tee? -a weight **«
taken ao Qlloolatod partoot water. lke tp» He* mm hm
at 800°C fcr ft nututaa *ith a k*« rata of 40D oo/wlin

TABLE m

> Mvwvimmm wm  eVESRNE T MM

»bo'c a0 a ru» u ti Or k»o

Sun it Stapla titrate Content Calaule ed IM) fwind ILC*

(1) (H) (« (x) ck) N) m
(*«) 0 1145 oft n . > W3 fal
(«) 0.1MB 62 9 M -fO 14 1 evitr T O ft Y4«
(T6) 0 2!SB tfe 8 tft.n VI 4 ft *»e 126 ft ftd
(TT) 0 3226 62 8 £4.78 It 6 8.88 4t 3 ft++ 7*
(TH) 0. 3268 111 4 26 68 M 6 ft 6T H 1 9.04
TO O xm 114*8  nr* 83 6 sm* r 3 6ll
ieo) 0 4171  140.0  ftft M 41 0 6 AC* 433 « B
(en o ficHit  in 6 28 Tit 8l 1 - lifta 64 1 ft 64
(«) O 6tft 166 1 26 Tit 66 4 8 44 3 ftol
(85) 0 7704 213 0  £6 73 et 6 ftit* n 1 olt
(84) 10 6036 2*6 9 26 rt T? 4 6 »vye OOt 9 QL
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Ctaitting run BO* 79* it lay bo seen that the difference

in sd 111grans of water bitweer the calculated and the
determined values irvoreait aa the weight of eoaplo increases.
The starred veluee art ometdared accurate, and the die-
crvpaaoy bhecosea apparent when the weight of nitrate goes
over 100 af«, quailtattv ily considered, Th&s is undoubtedly
due to the foraatlon of litric aoid in the collector tube*

Experimenta wight have bten performed to deteralne whether

a copper nat would have illrrlattd this diflioultyj however,
the quantity of nitrate «hioh began to interfere was approxi*
nately five tines that present in a one grae. sample of
ftfellino*rodt TO* contain.ng an unoosoonly high amount of

nitrate, s6 that the question of nitrate effect in the consal
staple* sensed aooowhat >bviated,,

The ratio of Bgj/HjOin ;hese runs was olos« to 5il* It is
felt, however, that the ibeolutw onousts of nitrate and water,
rather then thoir ratio mould be the cause of any difficulty
in the analysis* An analogous situation la found In considsr-
ing ths collector tube, mfciah loses its efficiency after a
certain nvaber of deter*,nations (dependent upon the awount
of water oollected, but usually about 60)* *eeults then be*
oeae high) probebly due jo formation of nitric aoid by roactloi
of the nitrogen oxides with the free water in ths collector,

Another series of experiments wm run in whioh nitrate was
added in the ions of bar.ua idtrate to a fri th sample of TOqg.

The TOg gave a water analytie of 0 9JC and the tariua nitrate
gave no water*

These results are all within the acouraoy ol the detersinstion
sheering no Interferenos yy the addod nitrate..

Bun Theoretical Ratio BgO Pound
(m<) _ (HQOj/SjtO) in TQy
(««) (30
(86) 162 4,4 5.6 1: 05
(88) 255 16,7 14 0,93
(87) 50,2 12,7 2,4 0.94
(88) 56 8 7,1 5,0 « 0,94

These results are all within the acouraoy of the deterwinatl on
shewing a third series wia run in whioh trllenyl nitrate hoxa-

hydrate was added to TOy Both were carefully analysied for
water content.
S
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The results follow*

Run Qians Senple Total )KK Total Hgo .'heoretionl HgO found
(oxide i nitrate'. (mg) (ag) HoO («
(«
(89) 0.6619 26.4 2602 4002 3091
90 0.7270 17.9 204 2 81 2-70
291; 0«8266 62 .0 69.1 7-12 7006

Boro *4*1n, it ie toon that relatively largo amounts of nitrate
did now intorforo with the aoourocy of the rotor determination*.

Present Statu*-.

Tho method has boon taught to several woaen operators. Over a
period of four day# inslruction waa given in us© of tho balanoec
procedureP teohniquof aid method of calculation A calcinod

aaiaple wan then analysed by each of the throe analyst!, end the
result! were*

1.01JC BO
Or 96* BoO
and 1.00* &0

The time of analysis wai around 30 minute»0 and this should
improve as familiarity vith the balmnoo and the procedure
increase-

(1) Reports GO 2206 anc QO 2225
(2) koport QO 491



