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I 

IJ\!TI:0DFCTI0F 

A ranicL accurate methoc for the d etermlna tion of 

sulfates in the spin acid bath solution, used in the 

Viscose DTocess of tlie nenufacture of rayon ht1.s 1Jecome 

p8_rticularly imnort8nt in vie1:"cr of certail-:i r1ata r;hich 

:i nrHcate the necnssi ty of mainto:inint". e_ r_efinitr:: sulfate 

content to act as a nr::utralizing th .. The cr.ction of the 

. . t v1 ,scose J_n o ch is re.TTn out of tl· o sohi.tion 

It ~\2 cesi:'sc1 tc have a rcle.tivc simnle ant accurate 

:::c;incc t11 solutirn; must 1J8 chccJ;ed e; to often to k0cn the 

sulfate contc~t about corstant. cause of this, it is 

ncce ssary to use volt1metcic methods as much e.s :"O ssible. 

Gravimetric 11cthods reauire greater time, together ~ith 

delicate ana su~ject to c curs.cl c .s ordinnry ulant 

on 

·'-v J..0-ll ~-2.rium c~1loric\_s, 

_,:'.') -~ ; -~-
J _, __ .,_ J 



The :;m::tposc of this investigation '.7as to compare the 

accuracy of the recently published tetrahydroxyquinone 

•,-.-, .-. tl10 --", 6 t.-':•·1.e. ' • ' • ' , ' l · - 1 O , J,._l ,,_\,_, '--' OCilZl(clllC D.yorOClL oricLe ' anc_ l, lE: turhiclimetric 
0 11 rne t;Loc'' v:-i th the crc:::.vimetric :r,ethoc1 for the c7-otcr:wination 

of sulfates in the spin acid bath in the Viscose process 

:'."rcc1 ~' c 1t1y uscc. formulas., In J:)repara tion for this invest-

"cion_ each Lethoa_ -w,?.s studied by itself, &nc'J the technique 

of rLcll step in th: pror;ecu:re vTas perfect • 

II 

HL':1:i:CEICAL 

A revicTI of t~e c 

r:tine.tlon of sulfates shov:s that thc1°e 2.re many ~Lci:,iwC.s, 

c on::01,1r11nc; or are too complicc.tcd for routine analysis. 

ch 2TC su: table for· a rapi(5_ determinat:Lon 

of sulfct~s ere consi?nr 



titration methods and turbidimetric methods. 
10 

,..,, 
v 

The bcnzidine hydrochlor:td.e methoc1 is the best knovm 

example of a filtration method. Benzidine (C12H8 (:NH2) 2 ) 

is a weak organic base. In :pr0sence of strong mineral 

acids it forms stable salts, of which the sulfate is only 

slightly soluble in vrater. Aqueous solutions of the salts of 

this -::reak base undergo hydrolysis. An aqueous solution of 

benzid.ine hya_rochlorid.e behaves like a mixture of hydrochloric 

acid ancl benzic:tine, and the acid may be ti tra:bed lli th an 

alkali, using phenolphthalein as indicator., The insoluble 

benzidine sulfate formed in this method is :filtered off, 

washed, suspended in water and the sulf'uric. acid. is titrated 

Tri th sodium hydroxide. There are several sources of' error 

in the precipitation of sulfates by this method. The 

precipitate is slightly soluble and also absorbs some 

benzidine hydrochloride., These errors tend to counter 

balance each other, since they are in opposite directions. 

It has been :found that this method gives excellent results 

in the analysis of all sulfates provided no substances 

are present 1rrhich attack benzidine and provided the other 

salts e· 1'." acids present are not too great. 
l 

Chro~ate salts may be used in the determination of 

sulfates. The sulfate solution is treatea. with an excess 

of a hydrochloric acid solution of barium chromate in 
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which barium sulfate is precipitated and chromic acid is 

set free. The solution is neutralized with ammonia or 

calcium carbonate and the excess ,of barium chromate is 

precipitated .and can be filtered off with the barium 

sulfate. The :free chromic'acid is determined volumetrically 

by acid.i:f'ying vJi th hydrochloric acid, adding potassium. 

iodide and titrating the liberated iodine with sodium 

thiosulfate solution. 'I'he bariurfl chromate must be free 

from soluble chromate, soluble barium sal'ts a11d soluble 

barium carbonate., 
4 Cefbonate salts, phosphate salts and oxalate salts 

may be used in a similar manner to the chromate salts, 

but the methods are complicated. These procedures are 

all long and Tequire filtering, ·which gives evidence of 

t1J.-:, 2c1-t1entage of titration methods. 

1i tration methods are of tvvo kinds: one in which 

Oll t.si.(Ic inC~ic;c1.tc)rs, r:_:J.:'<.:: ll-'3C~r_i ott~c~1"' in which internal 

indicators are used.., The outstanding outside indicators6 

used to determine the end point are starch potassium ioa_ide 

paper, congo red and ammoniun1 di chromate, and benzidine 
3 

paper. The method in use at pTesent at most rayon plants 

is the chromate method in which starch potassium iodide 

paper is used as outside indicator. In general the use 

of outside indicators is too slovv and inaccurate :for rapid 

routine analysis. 
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'rhe most recent method, which promises to be accurate 

and rapid, ·was worked out in Germany. This method was furthered 

investigated by \V .c .Schroeder 6 and is known as the tetrahydroxy-

quinone method for determination of sul:rates. This method makes 

it possible to titrate the sulfate present in a sample directly 

with a standard barium chloride solution using totrahydroxy-

quinone as indicator. The end. point is indicated by the 

change in color from yellow to the appearance of a red barium 

salt of tetrahydroxyquinone. Tetrahydroxyquinone is not 

stable in water solutions, so it cannot be prepared and kept 

to be used later. It is ground up and mixed with a large 

amount of potassium chloride ( ratio of 1-400) and a fevr tenths 

of a gram of the mixture is used as the indicator. In this 

form it is stable for over a year. 
Ci 

R. Strebinger and L.Von Zombory~determined sulfates by 

titrating barium chloria_e with .,25M sulfuric acia_ by using 

5-8 d.ro:ps of a freshly prepared .210 solution of soclium 

rhodizonate as indicator. The color changes at the ena_ point 

from red to yellow, in a neutral sol"L'.t:to::.1 and from red to color-

less in acic1s. Direct ti·t:.cs.tion Of sulfate v,i th barium 

chloride in presence of this indicator is not possible, but 

an excess of a known volume of barium chloric:c i112.y be aa_ded 

and the excess titratod9 

In general, there are thr tJJJ2s of turbidimetric 
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') 

method.s"in use·for the determination of sulfc.tcs. 

f st con~,ares ifity of tho sulfate solution uith 

the turbidity in 2_ knorn1 solution.. The seconC measures the 

tine recndred a solution to becorie turbid after the 

precipitating age2t L2s been added. The third measures the 

depth of turbid LLcu.i( req_uirecl to a 1:l.ght o isappear 

when O0serv '-- through the suspension. Various methods of 

this type depend upon the clisappearance of a light filament 

when observed through the solution in which sulfates have 

been precipitated by barium chloride. The disadvantages 

of this method are: the range of concentration is quite 

limited, the method is influenced by other salts, requires 

a calibration curve anc.l special equipment and the accuracy 

is doubtfrl. 
e The Betz-Ilellige method for the determination o:f 

sulfates is recommenderl where it is desirable to determine 

sul:fates in concentrations below 100 p.p.,m. The turbidimeter 

used in this determination compares a beam of light with 

the Tyndall effect :produced from a lateral illumination of 

the solution by the same light. This method does away lii th 

the use of standard suspensions and their tedious preparation, 

thus simplifying the work and increasing the speed., 
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III 

TBEORE'i1 IC.AL 

Since the gravimetric method is very accurate and 

free from serious interference, it is considered as being 

correct in this investigation and the other methods under 

consideration are compared with it as to accuracy. It 

was decided to select the three most promising methods 

for the determination of sulfates in concentrated solutinns 

for this comparison.. 'rhe three methods selected are repre-

E:,entative of each of the three types o:f sulfate methods. 

They are benzidine hydrochloride (filtration method), 

tetrahydroxyquinone (titration m~thod), and turbidimetric 

method using the Parr Turbidimeter. 

1rhe methoc1 in use at the present time is the chromate 
,., 

method \'Ti th starch potassium iod.ide paper as outside in .... 

dicator .. In this method the sample is diluted, neutralized 

nith dilute sodiu.m hydroxide and heated to 'boiling. A 

small excess of stana.ard barium chloride is added from a 

burette and the solution is heatea to boiling. The excess 

of barium chloride is back titrated with standard potassium 

chromate using starch potassium iodide paper as outside 

inc1icator. IJ.1he end point is c.etermined by allovring a drop 

o:f the solution to fall on the .test paper so that the 

bariUL1 chromate rerr...a.ins concent:r2-ted in one spot while the 
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c1ear solution spreads around it. A drop ot · v~ry dilute · 
hydrochloric acid is then spotted on to the paper so 

that the acid runs into the el.ear rim o:r the :tirst$pot. 
A blue color develops wlten an excess or solut.le cliromate 
is present, due to liberation ot iedine and the aetie ot 
this on starch. 

The reactions involved in tltis method are as follows: 

= 2Baso4 + 2NaC1' 
Mg012 

The J.ast reaction takes place on the.test pa.1,er. 
The use o:f outside indicators makes the method slow and , 

inaccurate, especially in concentrated solutio:ns. It is 

also necessary to prepare and keep on hand a fresh suppl7· 

of standard :potassium chromate solution and standard 

barium chloride. For these reasons the method was not 

included in tJ.d s investigation. 

I i . 11 . . t • d n the grav metric method, which is the s anuar. 

method, the solution is heated to boiling and the sulfate 

is precipitated by adding a tew c.e. of a lo,& solution 
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of barium chloride. The solution is filtered anc1 the 

1n-eci1,itate is washed free of chlorides. The precipitate 

is 1Jlaced in a weie;hccl porcelain crucible am: heated 
I 

to 800 degrees centigrade for one hour ana_ t]1en the 

crucible is cooled. and weighed.. The percent sulfate 

is calculated :from the barium sulfate present. The 

reactions involved in this method are: 

Hz SO 4 + 2BaCl~? 
Mgso/,· 

2BaSO,;:, + 2H Cl 
MgCl,:) 

'-' 

In the benzidine hydrochloric1e method the b,cnzidine 

hydrochloride is prepared by triturating ·6.7 grams of 

the base in a mortar with water. This is added to a 

liter flask containing 20 c.c. of concentrated hydro-

c11loric acid and the solution is diluted to the mark. 

'I1he solution may be filtered and kept for further use. 

Benzidine hydrochloride will undergo hydrolysis and 

is decomposed as f'olloTrs: 

The benzidine hydr-o:x:id_c breaks c1own into 'benzid.ine 

anc7 TTa ter as f ollo-r:s: 
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From these equations it is evident that benzid.ine 

hydroch1orid~ behaves like a mixture o-r hyd_roehloric 

acid and benzidine and the acid may be titrated with 

sodium hydroxide. 

In the sulrate determination the -.following reaction 

takes place: 

The insoluble precipitate is filtered of"f", washed 

with a small quantity o-r cold water, suspended in water 

and the sulfuric acid produced is titrated with a .1 

normal sodium hydroxide solution. 

In the tetrahydroxyquinone method for the determin~ · 

ation o:f sulfates the tetrahydroxyquinone is made by 

treating glyoxal sodium bisulfite, prepared by treatm~nt 

of acetaldehyde with nitric acid and sodium bisulfite, 

with a solution of soa.ium carbonate. It is not stable 

and must be mixed vri th a large amount of potassium 

chloride in the ratio of about 1-4001 and used as a 

po-vrder when needed. . . 
In this method the sulfate solution is neutralized 

just to the acid side o:f phenolphthalein with potassium 

hydroxide. An excess of acid will destroy the indicator 
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ancl an excess of base will give an interfering pink 

color with phenolphthalein. The temperature of the 

sample must be kept belo1r11 30 degrees centigracle to 

, cause the barium sulfate to precipitate out faster 

and to prevent the a.estruction of the indicator. 

Alcohol is added. to the neutral solution to make the 

barium sulfate more insoluble, so as to speed up the 

precipitation. In concentrated sulfate solutions 

sodhm chlo1"icle is ac5-c1ec1 to make the end point mo:pe 

definite.. The end point is a.etermined by a color 

change from ;srellow to rose. This change is slow and 

gradual but is (efinite and accurate if performed by 

carefully following the procedure. The indicator forms 

a rose colored salt vrith bariu...iJl chloride and this marks 

the enc1 point. 

The turbidimetric I:1ethod was performec1 by use of a 
ci"l 

Parr'·' TurbicLimnter in which the sulfate is precipi ta tea. 

'c"Ti th barium chloride crystals. The solution is placed 

in a tu'be anc. the a.isappearance of a light filament 

marlrn the end. :point.. A scale on the apperatu2 enablGs 

the operator to read the depth of the solution that is 

re11uirec1 to make th0 light cUsappear. rrhis r8aa.ing may 

lie comrert0cl to p.p,.m. of sulfates by referring the 

reacing to a stand.ard curve for sulfates., The whole 

:')rocscl.uTc is bas Pel on the fact th.at 2. cone entrated 



solution lJill require a small aepth to make the light 

obscure, while a dilute sulfate solution will require 

a greater depth. The reactions involved are: 

Dl 

= 2BaS04 + 2HC1 
MgCl2 

The fi:rst spin acid bath solution prepared. was 

made by the L 2oourtoulds and Napper form1:11a, consisting 

of sulfuric acic 105;~, sodium sulfate 12%, zinc sulfate 

19£, glucose 10% and ;;;ater 67%,. The second acia. solution 

consisted. of sulfuric acid. 12~~, sod~um sulfate 20%, 

The third acid. 

solution consisted of soc1ium sulfate~ 16~·:;, sulfuric acicl 

The fourth 

acid solution use:. li,T.s of tb.e same solution as rru.1.'tlber 

three, but it had been usrJcl in precipitating about 

200 yards of rayon in the rayon le.boratory., This 

solution 1s·e,s trned. to sec if the methods uncer irrvesti-

gs.tion ,.::ere affectcc" by the .impurities collectcC. by 

prcci~itation of the rayon. 



Since the investigation was carried out with 

strong sulfate solutions, it was necessary to first 

dilute the solutions. Ten c.c. of the original solution 

. were diluted to 1000 cc. and this was used in all of 

the determinations for that solution. The gravimetric 

method was used on each solution first and then the 

other methods were employed and the results compared. 

In the gravimetric method 50 cc. of the dilute 

solution (10cc. diluted to lOOOcc.) were diluted to 

350cc. and neutralized with ammonium hydroxide with 

methyl orange as indicator. One cc. of hydrochloric 

acid was added and the solution vras heated to boiling 

on a hot plate. Fifteen cc. of a icy;:; solution of barium 

chloride uas af cled slowly wi tb: constant stirring. The 

solu.tion was allowed to stand on the hot plate over-

night· ana. fil te:red while still lwt. The precipitate 

was tTashed with hot 1:.atcr until free of chlorides. 

The filter paper 1ms allovred. to dry in the funnel for 

ten :tninutes anc1 t:hen placed in an ignited, cooled, and 

weighed porcelain crucible. The precipitate vras dried 

and ignited in a muffle furnace at a temperature of 

800 rJ.egrees cen-~igr2ce~ o for o:ac hour.. The crucible was 

coolccl anc1 weighed 2.s barium sulfate. The percent of 

sul:f o.tc:: T,Tas calculatec1 i'rom the weight of 1Jarium sulfate 

:present. 



In the benzicUne hydrochloride nethocl 5cc. of the 

original solution 1,Jere dilu tecl vri th water to 259 cc. of 

solution cc. of tr.Le benzidine h.ya_rochloride 

solution wer8 atc7-ecl v:i th constant stirrinf,. After ten 

m.inutes the precipitate Yias :filtered off through a Iii tt 

pcrfor2ted porcelain filter plate. The precipitate was 

washed -v,ri th several portions of vrater. The precipitate 

anc1 filter paper were transferred to a beaker with 100 cc,, 

of ~atcr and hBatcC to 50 degrees centigrate. A few 

clrops of phenolphthalein were ao.&ed ancl. the solution 

1tms ti tratccl vii th .,l normal sod iura hydroxide. ifanen the 

encl point 1,vas nearly reached the solution was boiled 

and the titration completed.. The color change is from 

colorless to pink. 

In the tstrahydroxyquinone methoe for the c1etermination 

of sulfates CC,. of the a.iluted solution was carefully 

neutralized to the acif site of phenolphthalein with 

potassiuni. hyo.ro:x:ic1e" Twenty:..fi ve cc .. of ethyl alcohol 

c entigrac-:.e. About tc'o grarr:s of sooium chloride -rrere 

It ·::2.s ti tratcc, 1::i th a starr.c.arc7- o.ill'.. te solution of 
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1:)n_rium chloride, to a rose color. The solution required 

nuch slmking and a loTr temperature. The nu:r:iber of cc .. 

of baTium chloride required for the titration and the 

nornality of the bariun chloride multiplied by the 

milli-cq_uivalcnt of sulfate gives the neight of sulfate 

in the samJ;-,le taken. This may be converted into p.p.m. 

by :r,mrking off six places to the Tight., 

In the tric methocI S cc,. of the dilute 

solution ,,c_: _._·c J1 s.nc: 25 

bTC c_., (Reagent A is 

er:.s of soc:'iun chloric: 

cc. of th2 2 Heae:;cnt A 

by dissolvin; 240 

c oncentre.tcc~ hyc~rochloric acio. s.nt CLilu ting to one Ii ter. 

It is uscC to regulate the acia.i ty of th.e solution and. 

supply an excess of sodium ions.) The solution vras 

c1iluted to 200 cc .. ana. one dipper of bariu.n chloride 

crystals adc:ted. The solution was shaken for one minute 

and then placed in the tube of the turbidimeter. The 

depth of the turbid liquid required to make a light 

filament disappear was regulated by means of a hand screw 

and the reading vms recorded., The p.,p.,m. of sulfate were 

determined by referring to the standard sulfate chart on 

page 18, prep0red from standard solution of' sodium sulfate. 

'l1he follovring tables give a comparison of the results 

obtained from the various methods ana. the percent of 

error in each case. 
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Results of solution l I 

1Gravimetric 'Tetrahya_roxy- 'Benzidine 'Turbid- 'Percentage Error t 

' ' qn:iDona ' HCl ':iDJe:t:rJ c t t 
f P.F.M.-so4 t P.P.M. -S04 :P.P.M.-SO{PoP•~•-S0{ 'B.-HCJ.. 'Turbid.' 
' THQ, . t f f ' f 195,472 ' 194,4:00 ' 194,939 ' 194,000 t .6 f - '"' f .s f - -t 'l •'--' t f f ' ' ' ' 195,225 t 194, 880 f 196,850 t 204, 000' .35 ·' .7 ' .f.4.35 f - + 
' ' ' ' ' f ' ' t t ' ' ' ' +4.35 ' 195, 801 195,840 196,577 204,000 + .2 + .5 f 
t ' t t ' f t ' f 195,636 t 194,880 t 197,123 t 200,000 ' .35' .8 f +2.3 ' - -+ 
t t t ' ' ' f 
t f 195,360 f 196,031 ' 192,000 f .1 ' .25 ' ... 1.s f 195,636 - + t t t ' f t t f 

' t 196,806 ' 193,851 t 200,000 t .85 f +~~.3 195,307 ' .,. .6 - f 
t t t ' f ' f t: 

' t 197,760 ' ' 188,000 ' +1.15' ------' -2.s f 1 ar-:- ·~go 195,490 
t t .,,..;,..., t t ' ' ' t f 

t 195,801 t 196,320 f 194,124 ' 197,000 t + .4 ' .7 ' + .7 " -f ' ' t t t t ' ' t ' ' ' t +2.3 195,390 193,440 195,309 200,000 -1.1 + .4 ' t 
t t ' t ' t t ' ' 195,554 t 194,, 880 t 197,401 t 197,000 ;f .35' .95 ' .,. .r; ' - + t ' ' t ,, f f t 

Results of solution /,: II 

'Percentage Error ' 
' f, 

tGravimetric 'Tetrahya_roxy- 'Benzidine 'Turbid-
, ' quinone 1 HCl r imetric 
.:..' ------.l---------JL------1------4,-----......--------:-- ' 

y 

' t 
t 
f 

' t 
t 

' 
f 

' ' f 
y 

t 

' 4170 rc;gr.i t 424,000 0 , .,_,,.,_CJ 4r:-; 5' 794 t...,' ~-J' f 

' 431 616 t {40,000 
f ' t 

t 
LL'-/;3 05' P ~V , h.tV f 

' 433,001 ' ' ,:._~;:i i~:::c ' 422, 000 
f 

..l.l...-'v . ..!, , . ..,U 

' 
' I r;.;:C) (.'_"I 9 

.Lt...1~' u.J... T 

t f; ")O 989 f 
LJ:LJ:0' 000 

t 
..c,-.Ju, f 

t 
l-j_ r~ ' fJ: L}: 

J_ 
' 431,616 

f LJ::>"J.:, OOC1 
t t 

' 
f ,,,_,·;s 448, ,-, I'"\,.....,_ 

..... t..., ' V '--.J t uuu /7(.'. ano z.uU 'l..1'-J 

' 
t 

4:28, 000 'rr- '710 LJt~~~ j 1 f 

THQ 'B.THCl tTurpid. t 

t +2.06 , - .,5 

r -tl .. 4 ' - .25 ' tl.7 

f ..+2.8 f 1 f 9 - -. .,_ -~ t 

' ... 1 .... 1 t ,....1.1 t +1.7 
f t 'f 

£:_::::, t ,-)....- ' -2.00 t + - •?Jv . -"-' 
' + or:: 

• ,V<t_..,. 
t + .85 f +!3.7 
t 

+1.7 f 01':: -1.1 ' + .. (.__;'--; t 

t 

f 

t 

' 
t 

f f <:~~?~, 260 t ------------!------~, 
' ::,:::::1,104, <40,000 , +2..os, - .:::.:5 , .J..':.S,,,7 f 
f 

t 
t 
f 

t -1.1 ' 
, -8. 00 r 
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Results of solution }III 

t f ' t f 

'Gravimetric'Tetrahydroxy-.i.Benzicline•Turbid- t Percentage Error ' 
t ' __ ..qu.ino.ue_ __ ,_! __ HCJ..... _____ _t..im,e±~--- ' 
: I'.P.M.-304 : J?.::.111:.- SO/ 7}'.2.I/l.-SOJI1.P.L.£0J Tll \c:l 'B.HCl trrurbid. f 

----·'--- l · t , t t 
' 480,130 ' 480,000 t 478,645 ,500,000 r ______ ,_ .3 ,.4.2 ' 
f f ·'-·-···-·-: .... _.~-·'-~··--·-·--'-·-···· T ··-·-f:,_t 
' 480,541 ' 483,200 t 478,133 '490,000 t + .65 ,_ .4 t+2.l 
r t ·---~ ......... - . t t , ·- t ____ ........ L , .. . 
; 4so,295 ; 481,600 1

1 476,oas ,4so,ooo, + .3 ,_ .a ,----~ , 
f f t t T 

t 
t 
f 

t 
t 
t 
t 
f 

t 
t 
y 

f 

t 

479,884 

480,295 

480,706 

4:79, 966 

f 
t 
t 
t 
f 

' f 
' ' 
t 
t 

476,800 

480,000 

481,600 

478,400 

'473,014 
t 

'472,000 t 
t r 

- .65 t-1.45 t-1.7 

' 478, 64:5 
t 

'467,000, 
t t 

t 481,717 '485,000 t .3 
f t ' 

t 

t + .4 
f 

' 4?9,669 '463 000 t +1.00 t~ .1 
' t ' t l 

'483,765 '472,000 v -1.35 f+ .8 
f T t 

' 479,157 '476,000 t + .3 
f ' f 
' 475,574 '485,000, - .3 
t t t 

t 
t - • g 
t 

' r-2.7 
t 
, rl.05 
t 

t 

t- .85 

' T+-1.05 
t 

Results of solution // IV 

t 

' 

t • t - , . 1 i,enzidine 'Turbid- ' percentage E:rror t prav:une ric Tetra.hydroxy-' 1,c1 , . + • , 
f • . . t L . ime vTlC t , guinone , 

' r7a7 onr-
t 

0;;, , ,;;:,o 401,600 
f 

399,282 f 408,000'+l.15 '+ • 6 '+2.75 t 

' t 

' 397,191 t 

' Z9'7 108 ' 

393,440 

' 400,000 

t t 
r 398,274 400,eoo:- .9 '+ .35 '+ .,?5 ' f r f t 

400,306 ' 404,000'+ 7r.; '+ .,75 1 +l.75 ' f t .. ,c., 

t t 
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It will be noticed f'rom the above comparisons that 

fairly'good agr2ement was obtained with the gravimetric 

tetrahydrox:yquinone and the benzidine· hydrochloride methods. 

The percentage error in the tetrahydroxyquinone method 

was not more than 2.3~, while that of the benzidine 

hydrochloride was not more· than 2.4J{. The percentage 

error in the turbidimetric method was much' greater, be-

ing 7.15% in concentrated solutions. It appears evident 

that the turbidimetric method is not applicable in the 

concentrated solutions, if an accurate check is necessary. 

It was fourni :f.rom the above com.)arison, that the 

impurities collected by the acid bath in precipitating 

the rayon,do not apJreciably affect the methods of sul~ 

fate det2rrtdnation. ,;ven the presence of zinc and mag-

nssium ions in these solutions can be tolerated UJ to 

t1:7"' conc?ntrations co!"'F1only found in the acid bath. 

Th-:: "ms keJt around 5.3 in the tetrahydroxy-

cytnone ·method,sinc::: an 1:;?:cc~rs of acid destroys the 

indicator and an excess of base gives an tnterf'ering 

Jink color with Jhenolphthale in. The ter:i_peraturc.~ was kep:_t-

below ~O d?grees 8~nti~rade, since a higher tcmp8rature 

dsstroys the indicator. It was found best to add one extra 

o.i"'")er 01 im1icator ,ju.st the end Joint was ex-

'Jected.Triis indicator·ts Lmstabl(? e,nd c'::asily ct.estroyed 

ana. thus cL 0 i~1)er at this _p.oint ,1J'ill assure a su11icient 

su ))ly. sod iun chlorid,.:° :i 11 c::rnse a rapid color change 



ana. increase the precision in concentrated sulfate 

solutions. 

V 

CONCLUSIOM 

A comparison of the gravimetric. tetra.hyo.ioXyqtirn• 
and be:t:J.zid.::.tne p.ydrochloridemethods:for thedet~.._'tl~ 

of sulfates ia the acid bath sq1ution 111 t~e Vi-041~ 
. . 

process .of' the manutacture of rayo:r;t sho_ws acceptab1Gl 

results in all concentrations. The turbidimetric<aethod 
' ' ___ . ,·:- \,--·,;·•., -:_,_- -, 

shows a greater error in these concent:rateds9lhtiori.~. 
·- ·-•-· ,. 

The tetrahya.ro:xyquinone method is a.ccurat_e to :iitlrfr. 
2.51;. . The method. is not materially affected by- 'lihe)ti;onjf 

7 

commonly found in the acid baths for tb,e Viscose prooesf} 

of the manufacture of' rayon., 'I'his method is not only 

.accurate but is quite short and involves no speci~l 

equipment. It is a titration method with an inside 

indicator. The only standard solutions necessa:ry for 

the method, is· barium chloride and this is stable. Once · 

the technique is mastered and the precautions noted, 

the method may be applied with ample accuracy for the 

acid bath. 
' 

The benzidine hydrochloride method, while not 



quite as simple, may be applied to th~ determnatie"n or 
. 

the sulfates of the acid bath with a tair degreeot 

precision~ The method is more involved and reqt:1,:lr~,r 

filtering, which is time conswn.ing.e.nd req;u.ir~s, sueeltd. 

equipment"' 

The turbidimetric method is not precise · f~ __ 4UC:h 

a concentrated solution and thus mlJ.•St _b_e elimin~te_<1• 
It is accurate and very: rap:i§ for very dilute so;Luti~p.s 

of sulfates, 



inote 

After CO!ll})let.ing this investigation, a lE:tter 

1:as receivecl f.i.~om the Betz Laboratories of l'hiladelphia, 

announcinc; an improvccI tetr-·ahych·ox;y-q_uinone ind.lea tor .. 

'l'his improved indicator is used in exactly the same 

n1anner as the original material, but gives a very sharp 

and improved enc:. point l• Yl 
h the titration of sulfates. 

This impnovoment was llk'lde by changf.hng the dispersion 

r1ediw:1 to a special organic corrrpounc1 insteao of potassium 

chloride as vras originally used .. 

rl1hey sent a five gram sample to be tried in our 

sulfate deterninations .. This new indicator was tried 

on the above.sulfate solutions, and although no cornparison 

t tt + .,. 't h · -, , ' as o accuracy Tias o. errr:p ueo_, 1 s. ov:Teo. a snarDcr eno. 

point. rrhe change in color is f'rom a yelloii-or2.:;.1c-c to 

8. 6eep red and is permanent. This nev;- indicator should 

shorten t:.1e time of titration e.nc1 make the end point 

11w::.ce cLefina te. 
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