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ABSTRACT: 

A procedure is given for ,estimi.tion 
. . ' . . 

of ti t.Kanium dioxide in paper, whereby .. · 

ashing the sample is omitted thru.·simul­

taneous destruction of the paper and 

solution of the titanium.: •This method .· 

is compared with the standard methods ·. 

of analysis in regard to time required 

and precision. 

.I 



A MORE RAPID ROUTINE CONTROL METHOD FOR THE 
DETERMINATION OF TITANIUM DIOXIDE IN PAPER 

Literature Survey 

USE 1Uill ADVANTAGE OF TITANIUM 

High Index of Refraction 

Titanium dioxide is widely used in many varieties-of 

paper because of its high index of. refraction and high. -

brightness. \Then it is used in making paper, it gives 

a white sheet with a high degree of opacfty. 

Fillers with a high index of ·refraction have· a great­

er light scattering proper\ty and will consequently in­

crease the opacity more than will fillers with a l.ow 

index. Titanimn dioxide has an-lndex of refracti6n of 

2.71 as compared with clay 1.55, talc 1.57 and chalk 

1. 56 ( l,). If a mineral fill er is. used which has about

the same index of refraction as that of cellulose,

namely 1.53, there will not be a great increase in opacity

unless large amounts are used. Table I belovv shows

figures giving the relative.values of titanium and clay.

These figures show that even when over· three times the -

amount of clay was used as compared with titaniu.�, the

sheet had a lower brightness and cip'acity. W. R. V/illets
. .  , 

statea(2) that one pound of titanium dioxide is equivalent

to 16 pounds of clay in opacifying effects.



Relathre effects of titanium dioxide and clay in 

paper. 

None 

�& Filler 

. .  • ·• . . . . . . . . . . . . . . . .
. 

Titanium Dioxide (anatase) 3.0 

Titanium-barium composit 
. (anat�se) 6.5 

Clay . . . . . . . . . • . . . . . . .  •,• . . 10.0 

'fable I 

% Opacity �t Brightness 

83.0 82�8 

91.4 86.0 

90.0 86.1 

88.4 84.3 

Taken from Barksdale, J., "Titanium", page 389, 
The Ronald Press Company, ·1949_ 

Titanium Dioxide (anatase) ••• ��.21 -,,215 per pound 

010.y .••••..••..•.••. � • .' • .••.• 

Talc ........................... . 

.0088-,,0153 per pound 

.0125-,,015 per pound 

Table rr( 3) 

Price of fillers as given in the Paper Trade Journal, 
October 17, 1952. 

-2-



High Cost of Titanium Dioxide 

The cost of titanium is considerably higher than 

that of other fillers. Table II on page 2 shows the 

cost of fillers per pound. , A mill using ti taniu.m in 

their paper may use from between $50,000 to �)100, 000 . 

worth per year. At this cost it would be well worth 

their while to invest in added laboratory equipment, 

if necessary, so fast routine control tests could be 

run. Even though a much smaller amount of titanium 

than clay can be used to give similar results, an 

accurate account should be made at all times to prevent 

the loss of this expensive material. 

PRESEJJT METHODS OF Al{ALYSIS 

Volumetric Uethod(4) 

TAPPI Standard number T 439 m-44 gives a quantita-

tive method for the determination of titanium fn

paper. This procedure involves first'ashing the sample, 

then dissolving the titaniu..�, removing any insoluble 

matter, reducing with the Jones Reductor and titrating 

with ferric ammoniu.m sulfate. 

The degree of accuracy depends upon prop�r operation 

of the Jones Reductor and upon ti tr,a ting the reduced ?:'­

solution as quickly as possible ther�by not allo�ing 

the titanium to be oxidized by oxygen from the air. 

Colorimetric Method(5, 6 )

A colorimetric method as given in TAPP! Standards 

Number T 627 m-45 is by fusion of an ignited sample with 

potassium acid �ulfate. 
' /It is then put into solution 

-3-



with sulfuric acid� Potassium peroicydisulfate is added 

to oxidize _any iron. Hydrogen peroxide is_ then added

which con�erts' the titanium to·_ t�fc oxide wh:ich he.s a 

yellow color •. This is then matched to a known 'solution. 

A faster method is given by TAPPr·: Routine Control · 

Method RC-42. 'This suggests first as�ing the sample 

and then heating it for 30 minutes in a concentrated 

solution of sulfuric acid and ammonium sulfate. The 

solution is then cooled and diluted with water. Hydro­

gen peroxide is ·added and the color is compared with that 

produced by known amounts of titanium dioxide put through 

the same procedure. It is nexessary to have approximate­

ly 9.0 grams of sulfuric acid per 100 ml.·· of, solution. 

Visual 

MEANS OF ESTIMATING THE CONCENTRATION OF A 
SOLUTION BY ITS COLOR 

The concentration of a colored solution can be 

determined by colorimetric analysis, according to 

Kol tho ff and Sandell. ( 7) If the substanc.e to be deter­

mined is colorless, it may often be transformed into' 

a colored compound by some suitable chemical reaction. 

In this waysmaller amounts of the substance being 

teste d can be used or traces can be determined in a 

simple way. Koltho�f and Sa nde11(7) stated that 

ordinary colorim'etric methods',, using a. Nessler �ube,

do not yield an accuracy greate� than about 2 p·er .cent .• 
. ' . .  

( 

Methodic error also ent ers in ,mich ri!ay ·be small• .. or· / 



large. 

There are two ways in which to judge the conc:entra­

tion of a colored solution ( ?.) : ( 1) The St'andard Series· 

Method and (2) The Balancing M:ethod. 

In the Standard Series Method a comparismn is made 

in suitable glass vessels filled with unknown and stand­

ard solution to the same height and vie\ved .vertically 

through the length of the column of liquid. The concen� 

tration of the unknown is equal to that of th� standard 

having the same color intensity. 
' 

' 

As a rule it �iil be 

found that the color intef;lsity of the unknown solution 

will lie between that of two successive standards� I.n 

such. a case the concentr·ation of the unknown. can _be ap� 

proximated if the concentrations of the two standards 

do not differ too widely. 

In the Balancing Met1?,od, the h.'eight of one or both 

columns· is varied until the colo1; intensities are .the. 

same when viewed through the lengths of the columns. 

Hehner cylinders or the Dubascq colorimeter is used in 

this method. When the instrument is perfect and Beer's 

lavr is obeyed, t�e. follovling /relation holds-at' equal. 

color intensity. 

RxCx ::Rs Cs 

a = bes . �'. .... R.x. . 
where R.5 denotes the reading of the standard, -and Rx 

that.of the ·�nknown at eq.uafin.tensity. 05•,:i.s··the 
' 

. 
' 

concentration of the standard and dx . is the co�centra�: 
\ 

tion of the unknovvn. 



Sources of Error 

Eye fatigue is generally one of the most important 

factors responsible for irreproducible results. The 

operator should a111oid looking at any bright lisht and k'1 

should allow his eyes to rest bet,'Teen successH,-e sets of 

readings. After a certain number of observations have 

been made,· the eye becomes fitigued arid is no longer 

sensitive to slight differences in intensity or shade�(?) 

Presence of foreigh constituents in the uriknown may 

cause an increase or decrease in the. intensity. Inter­

fering .ions are molybdenum, vanadmu.�, iron and chromium 

which produce an orange color with hydrogen peroxide. 

Fluorides destroy the color and hence must be absent. ·· 

Phosphoric acid and alkali sulfates also reduce the color 

intensity. Counteraction to this is accomplished by 

adding an excess of sulfuric acid. Color intensity is 

also increased or decreased depending upon the temper­

ature. Therefore, the solution being tested roust be. 

at the same temperature as the known solution. ( 8) 

Suspended material in the_unknownwill make it diffi­

cult to compare with a clear standard. When this occurs 

there is a scattering of light and t_he obedience to Beer's 

la\1 is not observed, or it is observed only over a lim­

iting range. The finer the particle size, the smaller 

the deviations. Thus any factor that may e�ct the r

particle s.ize must be carefully controlled, such as the 

concentration of the reactants, temperature, time of 

standing.and p.resence of electrolyees.{9) / 



A RAPID A.1""lD ACCURATE MJ]THOD TO DETEIDHNE 

COlTCENl'RATION 

Photoelectric Colorimetry 

A faster and possibly more accurate method than the 

visual determination of the concentration would be 

through the use of a photoelectric colorimeter. This 

would eliminate the personal factor and wxtend the anal­

ysis of a-substance to the red and blue ends of the 

spectrum at which the sensitivity of the eye is extreme­

ly low. The precision attainable by routine photoelectric 

work is about the same (1 or 2 per cent error) as that 

in careful visual work. In especially favorable cases 

with attention paid to every source of error, it is 

possible to attain a precision of a few tenths of one 

per cent. ( ?) 

Theory Qf Colorimetry(?)

Colorimetry is based upon the laws of Lambert and 

Beer which states that when a beam of monochromatic 

light falls on a homogeneous layer of a substance, part 

of the light is reflected, part is absorbed and part is 

transmitted. 

Lambert investigated the relation between the inten­

sities a.nd. the thickness of the layer and stated that the 

intensity of the transmitted light decreases in geometric 

progression when the thickness of the lay�r increasas in 

arithmetic progression. This is given-by 



where It equals the transmi t_ted li'ght,. I 0 equals the

intensity_of the original ·light, 1 is the d��th of the 

layer and k is a proportionality faetor. 

Beer studied the influence of the concentration of 

the colored substance in the solution upon the-light 

transmission or absorption. The same relation was· 

found between transmission and concentration that Lam- .. 
I 

. . .  . . 

bert found between transmission and thickness� This 

is given by 

It= I e.:..kc
0 

where c equals the concentration of the solution. 
' . ' 

Combination of the two laws gives 

I t:. Io e-klc .· 

Choice of Concentration (7 , 9 ) 

If the photo current is the measured quantity, the 

limiting factor is the uncertainty in the galvanometer 
,• 

reading,. dG. If there is a steady light and a linear 

relation between intensity and galvanometer deflection, 

then 

, ,'<' ., 

Applying_ the Lambert and Bee·r ·law.which was given above, --
- . " ,·. ' 

. 

ln ..:2: E, the extinction point · 
It 

.· ·. :·· ,. �E. 
then E = ln Io -ln It = ln Io .;..1n ·Io e ..• -



·. which is a minimum when maximum •. · This occurs 

when E: 1 _or lag i = 0.4343 which ,corresponds to 36�8

per cent transmission. 

Relative accuracy depends upon·the 

strument being used. Higure 1, below, shows.ther•eia�· 
'. 

. 
._.. ., ' · ,  -' . , 

ti ve error in concentration �eterminat:i.o_n?as·· the. per 

cent transmission varies. Also, err<?rs_ will >enter'..in 

the same-as in visual determination if.thereare inter­

fering ions present. 

Prenaring for Routine Tests (lQ) 
. -.--.· 

In photoelectric estimat:(on:.of con�entra_tioris: of.· 

unknown solutions; the first: step is :tcf_:prepare .a cal'­

ibration curve,· i.e.� a pl�t <?f··l�Kf._:_:¥.�/(ro_�?·entra.fion.

For this, several solutions,;of.kriown
c 

conbe_ntr_�tion• �r -the.· 

substance to be analyzed are prepared,:S-thei±: interisi ty/ 
.. , . . . . . . - ·;, 

·. _-:.- ·,_ . .-.·:-., - .-.. : . .-,: ._ ' ' .  

ratios are read \Yi th the colorimeter>an(a. gra.p 

drawn. Then, when the inten�i ty>ratio of ati:.urik�ovm 

solution is measured, the cori:centrat1on,�o:rre� 

to this value is read off 

shows a typical log It/To vs/ C�_11c·e�trati'on c;lib:ration 

· plot. The .straigh.t line

Beer' 1 s law.;

If the:�phot9electri c col�>:;�iineter 'can,;be: used 
� ,; /·"

. 
--� 

. .,. .. :�_t � . -� 

the determination of. the· concentra t1on · of '.tit'aniu m • 

fast control 

d�oxi,de in; a solution, it would·; prov:i.d�i a\ iimpl� .. �nd. 

method, eSpe·c�·:1�; .. l�·-t•h·:p�per_ :�:Jf� ··•• 
·., ·:., __ -' 

-
�"-1'.;·· 

dissolved as is rather



.r 

+ 

.; 

2 

I 

(I /I) 21 1 
. ID '9'4 /OD 

,u 
Per cent Transmission 

Fig. 1(7) Relative error in photo­
electric photometry at different 

percentages transmission. 

/4ZD----�-'--,.I 
lJ,-, D,9 /.e /,& 

Mgs. Chromium 
per liter 

Fig. 2 (lO) Spectrophotometer 
calibration for chromium 
phenyl-carhazide .method� 

( 



APPARATUS 

The Jones Reductor 

.Amalgamated zinc is used :for the reduction process. 

Care must be taken so as not to expose_ the reduced

solution to air. Greatest accuracy is obtained_when 

the solution being titrated is not.shaken until the. 

end point has been almost reached� Red�ced solutions. 

are unstable to air and hence must be protected from 

oxidation by the air after r�du;tion ha�·been done� 

The final end point is a light stra� color. The per� 

centage is then calculated. In the case of ti taniUL.1, •·· 

l ml. of � 11� :ferric alum equals • 00801 grams· _titanium

dioxide. For complete operation see 'f.APPI Stand�rd · ...

number T 439 m-44. Figure 3 ·on the foliowing_page
. , . . . 

show� a general description of the r�ductor�

The Photoelectric Colorimeter 

The photoelectric colorimet_er is an instrument used 

for .measuring absolute or relative light int�nsities. 

The solution being tested is placed either before or 

behind the slit of the monochromator· e,nd · the(�urrent or.· 

voltage developed is measured. .The photocell gives. a· 

response which is directly proportionsl, to: the li::::ght

interisity levels used for the·measurement. A very.: 

simplified diagram of the photoelectr_ic circuit is.given 

in Figure 4 on the following page.· 

. -11-
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CO· from 
Cyfinder 

"ll:::::�t:=::I. 

CO Flow 
In�ica:tor-M-Nlr-:i 

Dispensing Burette 
21 in. long 

Stick Zinc (500g) 
O. 25x2. 0 in .•

Granulated Zinc (1000g). 
Equal amounts of 10 

and·20 mesh 

1 Liter Flask 

THJi] JONES RIUDUCTOR 

Balancing l ·
Photocell+ I Measuring 

_ Photocell 
"t 

Fig. 4 Simplified diagram of the photo� 
electric circuit as given in .the operit­
ing instructions for the Lumetron Photo­
electric Colorimeter, ·page' 859-2. · 
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Outline of Laborn tory .!J:Xperimen ta. Hon 

The laboratory work in oonnectiorf with this 
' ' 

thesif; ,vill consist .. of first comparing results 

obtained by analyzing solutions of k:novm conoen� 

. trations of titanium dioxide using the tnree 

•:TAPPI metlloda: T 439 m44, T 627 m;..45 aridllC:- 42.· 

_The temperature and concentro.tion a.ha.11: be ,jaried 

'-i� the colorimetric determinations to see if 

there are any deviatibns due to these effects. 

The method I .Propose shall employ the.use 

of a suitable oxidizing agent, SO•a1?hing will 
. . ' 

.. ,_pot be neceu�ary, and a soi vent for 'the· ti t�n�um. 

Theae·shou1ci:be_-auch as-not to interfere with the . 
. . ·. - ' : \:, ·.> ·, ., . ' - . ' . - ·. 

- '
. -color reaction· glven· :by hydrogen peroxide and 

. ' , j: ' '  
. .  ,.· . .. - ,' •. ; ' . 

titanium. The concentration shall be ,evJluated 
' ' : : ·, ' . 

through the use of the photoelectric colorimeter. 

I Comparison 0£ standard tests 

A Solutions of known concentrntiona shall 

be analyzed 

1 TAPPI T 439 m-44 

2 TAPPI T 62? m-45 

3 TAPPI RC-42 

-/4-
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-. 

l3 · T�e above colorimetric . de.termiJia ��ons . shall ·

be oonduot6d varying the temperature and

concentration 

The a.mount or time tor each det�rmination 
. . . . 

; shall b� . r��orded 

,< : < • 

· .shall be:·oalculated and plotted

. • II Proposed meth:od •,yhich will �l�ina.t1e aJ;hing 
',' ·· ,, - .A Oxidizing agents for carbon 

l 

2 

Hydrogen·.· peroxide 

lUtrio acid . .. . 

- · " B ;Solvent ·tor- titanium
. '_;' 

. 0

l Conoentr�t'e'd sulfuric acid

Hydrogen.peroxide added to pro�µ�eC color

reaction 

l · Color intensity ·evalua"t_ed- �i-th ·� :photo-
. : :• ' - ., '� ' � . . � __ ,._ . ·.' ' .- . . 

electric colorimeter 
· > '1-II Comparison of. m·ethods :i .· ,.'

A· Accuracy 

'T:ime · re'qu�re'd'/"t· · 

j, 

/. 

j · .. 



LABORATORY RESEARCH' 

The objectiTe of this study was to find a method 

o'f analysis which can be used for:contral purposes. 

The method· m.ust be fast and ha.Te a reasonable· degree• o-f 

o-f precision so the answers can be obtained while the 

paper is still on the machine, and so changes can be 

made before a.n appreciable .. loss . has· occurred. This 
' 

' 
, ·  

' 

method was to be compared with the standard methods of 

analysis in regard to the time required. The degree. or· 

precision was also to be determined. 

Results Using .The TA.PPI Volumetric. Method 

To check the degree of precision obtainable by the 

.Tones Reductor method and to estimate. the time required, 

a series of 13. tests were run using aliquot samples 
' ! 

• . . 

from the same Tio2 solution. ,The,followi�g two pages.

show data and a graph of the results. On the average, 

the error was .57% based on the .amount of Ti02 per. sample. 

The maximum error was -1.08% and the. minimum error was 

f.08%. The errors indicated may have been caused by:. one

or more of several sources: In�omplete reduc_tion in the

.Tones Reduct or, incomplete· \Tashing of the· sample from the

reductor, oxidation of the titanium by the air·while

titrating, inaccurate burette'readings, ·i�accurate end

point and inaccurate determination of .the narmality of .tae

-15-
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Sample 

I. 

6 

7 

8 

9 

10 

ll 

12 

13. 

DATA FROM ESTDJIINATIONS-' FOLLOWIMG 
UPPI T6.2.7 m-45 · 
, (Volumetric) 

All Samples Contained ;2500 .. g r192 
' '

W,:eight as determined·.. Per cent error 

.. 2:483 - �68 

,, 

.2473 -1�08 .

• 2483 - .68

, .  

.2512 .f.- .;48. 

.2507 : f.- � 28 · 

.2481. - • 76.

.2.486 - .56

.2507 f. .. 2.8 ·

.2485 :... .;60

.2483 · - • 68

Table :UI 

' ' 

. ' , . 
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ferric ammonium sulphate. While it is recognized that 

an operator with long experience may obtain greater pre­

cisio�, it is also true that paper testers in mills 

probably do not have the experience to obtain these. levels 

of accuracy. 

The time required for this determination is about 

2 hours in addition to the time necessary for ashing a 

sufficiently large sample. From this standpoint, the 

method. is not adaptable for contr.ol purposes •.. 

· · A Brief Account of the TAPPI Colorimetric Method and

The.Routine Control Method

The TAPPI T62.7 m-45 colorimetric method involves 

ashing the sample, fusing it with potassium acid sulphate, 

dissolving it in sulphuric acid, develpping a color with

hydrogen peroxiae and comparing the intensity of the 

color with that of a known solution put through the 

same procedure. This method requires about one hour to 

run and may encounter personal error unless careful 

comparison of. the color intensities is.made. Ail insoluble 

material must be filtered out or a comparison with a 
, 

' 

. 

. 

clear solution will be difficult. This method, also,: 

requires too much time to.be used for a control check. 
' 

' . . . 

The T.APPI RC�42 method is similar to the T627 m-45 

colorimetric analysis with _the exception that llmaller

amounts are used in order to reduce the time required and 

instead of first fusing:. the. ashed ·sampl,e .and then. dissolving 
it 14 t:/011• /tz ()?,e .st� u.11411 . · · · . · . · ,

i�= a solution or ammol'iium sulpha.te.and.sulph,uric acid. 
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This step a.lone requires 30 minutes which is more time 

than any complete control test should. take. ·The precision 

again, depends upon the comparison of the color intensity 

with that of a known solution using the same procedure 

and the removal of all suspended material._ 

QJJANTITATIVE DETERUINATION ' 
WITHOUT ASHING THE P�ER 

This method eliminates the step of· ashing the:sample. 

It includes the use of an oxidizing agent _which compl.etely 

destroys the paper while the titanium is being'. dissol-ied, 
' 

. 

and was suggested by Mr. R.T. Elias, instructor in:the 
. . . 

. - ' 

Pulp and Paper Department at \Vestern Michigan. Coll�ge. 

In this method smaller samples a.re used than in the T".APPI 

Routine Control Method .to shorten the time required, and 

to confer accuracy the photoelectric colorimeter is used •. 

Reagents: 

A. Hydrogen Peroxide Soi�tion, 10%� ·

B. Solution of Sulfuric Acid and Potassium.Nitrate.

Dissolve :30 grams of potassium nitrate in 100ml.

of concentrated stilfuri6 �cld.

Equipment t 

Lumetron Photoelectric Colorimeter or its equ'ivalent. 

Procedure:--

Weigh out accurately to four decimal places enough 

or the sample of paper to. contain between.1.20:and 2..2 
-

. . . ' 

milligrams of titanium dioxide • .'. This. would be equi Ta_lent 



to a.bout a 3,5 mg. sample>if the paper conta:hlie�-5% TiOg 

or a 55 mg. sample if the. paper cont_aine� about 5%°. T:io2• · · 

Place in a 125ml. beaker and add 5ml. of the solution 

of potassium nitrate in sulphuric acid. Heat·slowly under 

.a hood until the paper has disintegrated, and then raise 
. . 

to almost boiling·for 5 mir1_utes. Allow to·cool until 

water can be introduced without apat:tering. (Add about . 

l'O ml.) Transfer the contents of the beaker to a. 50 ml. 

Tolumetric flask. Completely rinse contents of the 

beaker into the flask by using small portions of water. 

Add about 5b1l-. of the 10% hydrogen peroxide •. Co�i rapidly, 

to about room temperature, dilute to eiactly50 ml. and 

abtain the percentage of transmiss_ion .using the_ photo-. 

electric colorimeter with a filter waTe length of 440 

millimicrons. If the solution contains any suspended 

material, it must first be filtered. The-filter should 

not be washed. The concentration is .then ta.ken _from the 

reference curve, and the percentage Tio2 in the sample 

is calculated. The concentration·from the graph should 

be ta.ken to three significant figures. 

Reference Curve: 

The reference curve is determined by analyzing· 
.

. 

solutions of.titanium dioxide of known concentrations 

put through the above procedu_re.- A plot· is then drawn 

o-f the percentage transmission versus the c�ncentration 

on semi-logarithmic paper. Data and a graph are shown on 

the following two pages. 
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ETa.luation of Solutions of Titanium. Dioxide.Using 
Known croncentra.tions to Determine:the Relationship 
between Concentration and Percent ,Tran'smission·. 

Solutions were analyzed with a Lunietron Ph�to­

electric· Colorimeter using a. blue filter with a. wave leng.th 

of 440 millimicrons. All solutions were diluted· to

50 ml. 

Sample Weight Ti02(g) %Transmission 

1 .00000 91..20 

2 .00053 53.90 ,, 

3 •. 00080 5�20 

4 .00093: 4.��-00

5 .00119 41.1.0 

6 .,00139 · 3:6.00

7 .. 00165. 30.40

8 .001.78 21�20

9' .00185 26.50

1.0 .. 00213 .. 21..90

1.1 .. 00232 .19'.30

Table -IV 
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To eliminate much error. in weighing excessively saa.11. · 
' ',,-4,:�.�-�-. 

· .. 

'. . \ � '1 � . 

a.mounts of titanium dioxide, a larger portion"Js.Yweighed 

and dissolTed. Aliquot samples are then taken through 

the range·of .5 to 2.5 milligrams per 50 ml. 

Precision of The Determination: 

A series of 17 tests.were run to check the degree 

o:f precision obtainableusing·this method. Table V and 

Figure 7 show the results. Determinations were made on 
. 

. 

Plover Bond Opaque Paper using approximately 60 mg. · samples. 
. 

· 
·· '111/ I he "11111hJP"'1 wJ6 . .i'. (,3. 

The maximum percentage Tio2 wa� :5.76
_,, . Taking �h� aTerage,

3. 67, as the true percent.age. of T:i.O� . i� the .'paper, , the

maximum per cent error in the det·ermination�'.was 2�46., ·:.
based on the amount of ·Ti02 present fn the. ·sample� . 

The precision of the determinatio:n.depends;upon 
-< 

:'•.,, �. • 

several factors: Precision in weighing, precision in 

diluting the sample, absence of foreign material which

will cause a deviation of the color intensity, adjustment 

of the temperature, a true refer11ece curve and. a steady 

light source in determining.the percentage transmission. 

Deviations in the temperature fro.m sample to sample . 

will cause a change in the volume such that the dilution. 

will vary and consequently the intensity of. the color 

will be altered. Therefore, all samples,including·those 
. . 

:for the determination of the reference curve must be 

cooled to approximately the same temperature; 



Data f'rom Determinations of'Titanium Dioxide· 
in Paper without .Ashing. the Sample.

Solutions were analyzed .with a Lumetron Phot·o-
. .  

electrie Colorimeter using a blue filter with a wave

length of 440.millimicrons. All solutions were diluted 

to 50 ml. 

Sample Weight(g) 

1 

2 

3 

4 

5 

a 

9 

10 

11. 

12. 

13: 

14 

15 

16 

17 

.0579 

•. 0581 

.0595 

.0587 

• 057Z

.0592. 

.0589 

• 0563.

.0566 

..• 0616 

.0573. 

.0585 

.0593. 

.. 0601. 

.. 0574. 

.. 0596 

·weight·Ti02
%Transmission .. per. 50 ml. %Ti02 

··21.90 

21.75 

21.40-. 

22.00 

22.·50

21.70 

21.75 

. ,. 23.20 . 

23;.10 

22.40 .. 

1.9.95 

21.80 

· 21�30 ·

21.20 · .

·. 20 .. 50

,21.80

21.35 

Table V 

�00212 3�68 · 

.00214 3:.68 

. · .00217 :i.64 

.00�13 �.63 

.002og . 3.65 . 

.• 00215 3:.63: · 

.00214 s.63

.00205 S.64

�00206 3�64

.00210 3.63.

.. 00227 s.67 .

�0021.4. . . 3.;73 

.. 00217 3.71 

.00218 3.68 

.0022:s.··. s. 71.

.0021.� 3.71.

.oa4.4a- s. 1ii
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Time Requiredt 

The amount of .time required for a determina·tiori. 

can be brokenfi down into the following steps: 

Weighing of the sample 

Dissolving the Ti02 

Diluting and Cooling 

Fi1ie�ing (if necessary) 

Evaluating 

2 minutes. 

5 
, •, 

•·;.·•� 

tt. 

. It. •,

tt 

Total . 22 ., " 

As can he seen from .. these figures� the· amount or 

time· has been greatly reduced. in comparison ,vi th · the· 

standard methods. This has been accomplished through 

the use of Slllall samples. ashing·· a large sample 

is not necessary as it 14 in the 'r.APPI procedure;; 
' ' ' ' ' 

an oxidizing agent will quickly disintegrate a smaller 

sample. The use of small volumes reduces .the a.mount 

of time necessary to heat the solution to the boiling 

point and to cool again to· room temperature.· Cooling . 

can be accomplished Tery rapidly by using a cold water 

bath. Another means of saving time .. is in 'filtering.· 

It is necessary to filter only ·enough to f_ill the cubette·. 

in the colorimeter. After the percentage transmission 

has been determined, the concentration of the solution 

can be quickly read from the·:refer·ence curve and the 

per cent Ti02 in the paper calculated. Se�eral deter�.

rriinations can be. run simultaneously with a small ._amount ·

of time necessary in excess of what it takes for.� single,. 
sample. 



Sunnnaryt· 

This method o:f analysis has two distinct :features:: 

It is fast and has a reasona�le.degree o:f:precisiC?n. 

The use of -.11 samples makes.it possible to use an 

oxidizing agent such as potassium nitrate to destroy• 

the cellulose) anci the colorimete.r m�kes it possible
_ 

to

make an accurate estimation of the concentration o:f the 

Tio2 in the solution. I:f a rapid method such as this

were used for a c�ntrol test, much loss due to the under 

addition or over addition of titanium dioxide could 

be prevented.· 
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