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Quantitative 

Chemical Determination 

Of Hydrocarbons 

In Lacquer Thinners 

By H. E. A S H T O N  

Nat ional  Research Council  

Canada* 

' This paper describes investigation of the chemical method for 
the determination of the amount of hydrocarbon in lacquer thinners. 
As hydrocarbons are relatively inexpensive an accurate method is 
required for controlling their content in lacquer thinners. The chemi- 
cal method was developed because many paint laboratories do not 
have the complex instruments necessary for physical measurement 
of solvent composition. 

Two component mixtures were treated first to see if a relation- 
ship existed between the treatment and the volume recovered. Mix- 
tures of a hydrocarbon, usually toluene, and an active or latent sol- 
vent for nitrocellulose were extracted with different combinations 
of water, diluted acid, and concentrated sulfuric and phosphoric acids. 
Water-miscible extractants and a modified Babcock procedure were 
also tested. The volume of isolated hydrocarbon was measured and 
its purity determined by refractive index after initial work had shown 
that this method was accurate. Preliminary washes with water and 
diluted acid proved beneficial before extraction with concentrated 
acid. 

The better procedures were applied to four different types of 
lacquer thinners. With three thinners which were of the usual type, 
the extraction procedures were improvements over the original 
method. Three procedures gave volume recoveries of over 97%. The 
method using the Babcock bottle was the only suitable one for a 
thinner of the "high-low" type but was unsatisfactory for the con- 
ventional thinners. 

' Dl\. 01 Bullding R e s e a ~ ~ h ,  Ottarra, Canada. 



INTRODUCTION 

I11 recent years many of the newly introduced analytical techniques 

have involved physical measurements using complex instruments. Such 

methods include gas phase chromatograpl~y, inlra-red spectropl~otometry, 

nuclear magnetic resonance, radio-active tracer analysis and X-ray crystal- 

lography. I n  general these procedures are very iast and precise to the 

point, in some cases, of being able to tell which way a hydrogen atom 

is spinning. Valuable as they are in terms o i  results they also share 

another attribute-high cost. This places many oi these new techniques 

out ol the reach ol the laboratories of small and even o l  many medium- 

size paint companies. There is therefore still a need for developing 

chemical tests which are available to all. 

As part ol its prograin the Paint Laboratory ol the Division o l  

Building Research, National Research Council, has a project for the 

development of new test methods for paint materials and the improve- 

ment o l  existing methods. This work which has lorlnecl a substantial 

part of the laboratory's activities has been o l  assistance chiefly to the 

Canadian Government Specifications Board in preparing paint specifica- 

tions but also is of interest to industrial paint laboratories. Iluring in- 

vestigation of a method, all available apparatus is used but the final 

~rocedure  incorporates simple chemical or pllysical tests ~vlierever 

possible. 

One method that has been examined is  he determination ol the 

anlount o l  l~ytlrocarbon diluent in lacquer thinner by means o l  cl~emical 

analysis. Hydrocarbons are inexpensive compared with true nitrocell~~lose 

solvents, such as esters and ketones, and latent solvents such as alcohols. 

There is then a natural tendencv for manufacturers to include as much 

hydlocarbon as possible in lacquer and lacquer thinners. As the propor- 

tion ol diluent increases the viscosity of the lacquer solution increases, 

slowly at first but more rapidly as the tolerance limit is neared. hloderate 

proportions do not have an unclesirable effect but ~vhen  excessive 

amounts are used the saving in cost per gallon of the thinner is more 

than offset by the additional thinner required to reduce the lacquer to 

applicable viscosity. Specifications for lacquer thinners therefore have 

maximum limits 011 the amount of hydrocarbon ~~e rmi t l ed  and it is 

necessary to have an accurate method for this detelmination. 

INITIAL CONSIDERATIONS 

In the method developed many years ago lacquer thinner was 
treated with concentrated sulfuric acid to extract the polar lacquer sol- 

vents. T h e  quantity of the remaining solvent was taken to be the total 

hydrocarbons present in the thinner. This  method was probably based 

on the solubility classification procedures used in organic identification 

schemes. Hydrocarbons and their halogen derivatives are distinguisl~ed 

from other organic compounds by their insolubility in both concentrated 

sulfuric and phosphoric acids. 
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T h e  solubility tests, however, are based on the use of single co111- 

pounds but lacquer thinners are mixtures. Bogin1 stated as early as 

1941 that toluene is appreciably soluble in mixtures of polar solvents 

and concentrated sulfuric acid. He  recolllmeilcled that the stl-ength of 

the acid be reduced to 75 %, and ~vllen analyzing mixtures containing 

high prol~ortions of polar solvents to 65 %. 
The  original procedure Ivas modified in a different manner in the 

nletllod given in the Canadian Government Specifications Board manual 

for testing paint and relatecl materials.? Instead ol' reducing LIE sull'uric 

acid concentration ~vitll water, co'ncentrated pl~ospl~oric acid was added. 

This acid dissolves polar solvents co~ltaining up  to about nine carbon 

atoms whereas only the lowest alcohols and ketones are soluble in water. 

I t  \\]as evidently thought that the illedium boiling lacquer solve~lts would 

dissolve in the acid mix while the toluene -cvoulcI be less soluble in the 

resulting pllos~>lloric-sulluric-polar solvent mixture. 

Although both these n~odificatio~ls are an improvement over the 

original, neither is completely satislactory. Diluting the sull'uric acid 

tvith water can possibly lead to high results through lailure to extract 

all polar solveilts from the l~ydrocarbous. T h e  phosphoric addition still 

gives low results at lower concentrations of hydrocarbons. This  was il- 

lustrated when the procedure .ivas used LO recover benzene l r o ~ n  ~llixtures 

wit11 ethyl acetate with results as shown in Table  1. 

Table 1-Recouery of Benzene From Ethyl Acetate 
Using Sulfz~ric-Phosphoric (1:1.7) Extraction 

% Benzene 

in Mixture 

% o f  Total 

Benzene Recovered 

10 31. 

As call be seen, the recovery declines 1 apidly .ivith decleasing content 

ol hydrocarbon. Further experiments 1vit11 ben~eile s l~o~\~ecl  that a pre- 

li~llinary wash wit11 water significantly increased its lecovery lronl fairly 

dilute solutions in ethyl acetate, acetone, and methanol. 

As a result or the tesls with benzene a program to improve the de- 

termi~latioil ol l~vdrocarbons in lacauer thinners was undertaken. l\/Iix- 

cures ol a l~ydrocarbon wit11 single lacquer solvents were investigated 

first in the hope 01 finding a relationship between treatlrlents and the 

volume ol hydrotarbon ~ecovered lor the different types ol solvents. Dil- 

lerent combi~lations ol ulster ~vashes, diluted acid uraslles ant1 concen- 

trated acid extractions xirere tested as well as some water-miscible cxtrac- 



tants. T h e  less satislactory treatments were cliscarcled ancl the remainder 

applied to lour different types of lacquer thinners. 

MATERIALS AND METHODS 

Selection of Materials 

Toluene rather than xylene was selected as the test hydrocarbon 

because toluene is widely used in lacquer thinners. I n  addition it  is 

highly aromatic so that it might be expected to be partially soluble in 

the acid mixture. Xylene is not so cominonly added to lacquers and be- 

cause ol the two methyl groups attached to the benzene ring is more 

aliphatic than toluene. Heptane which is similar chemically to the 

petroleum naphthas olten present with toluene in the diluellt portion of 

the thinner was used in two samples. Because it is completely aliphatic 

heptane was expected to show little telldeilcy to dissolve during the acid 
extraction. 

Two-component mixtures were examined first to see if it was pos- 

sible to determine the effect o l  difTerent treatments on the various solvents 

or groups o l  solvents. I t  was then hoped to choose the optimum concli- 

tions for the colnbined solvenls, i. e., the lacquer thinners. Mixtures with 

toluene were made with a water-soluble ancl a water-insoluble solvent 

from each chemical group Iound in lacquers. T h e  mixtures were all made 

to contain 40% by volume of hydrocarbon. This figure was clloseil lor 

two reasons. Most lacquer thinners contain 40 to 60% cliluent and, as 

shown in Trrble 1 ,  there is less difficulty in recoveiillg the hydrocarbon 

froin the higher concentration. I t  was believed that an  improvement at 

the lower concentration would be reflected at highel levels. Secontlly, the 

two Canadian Government specifications lor lacquer thinners both have 

maximum limits ol' 40% hydrocarbon content. The  mixtuies used are 

given in Table  2. 

Leffer 

Table 2-Two Component Mixtz~res 

Hydrocarbon 
(40%) 

Polar Solvent 
(60% by Volume) 

Toluene 

Toluene 

Toluene 

Toluene 

Toluene 

Toluene 

Toluene 

Toluene 

Heptane 

Ethanol 

hfethyl isobutyl carbinol 

Methyl ethyl ketone 

Di-isobutyl ketone 

hlcthyl isobutyl ketone 

Ethyl acetate 

n-Duty1 acetate 

Butyl Cellosolve@ 

Methyl ethyl ketone 

Chemical 

Type 

,\lcot1ol 

.\lcol10l 

Icetone 

ICctone 

ICctone 

Estcr 

Ester 

Elher-alcohol 

Cellosolve is a registered trademark of Union Carbide Chemicals Co. 
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Figzire 1-Refructive index vs. compositio?~ 

Kehactlve index was chosen as the l~lethocl lor deterrrlini~lg the 

concentration 01 hydrocalbo~l remaining alter treating the above ~llixtules 

by the various procedures being investioatecl. T h e  relractive indices 01 
? 

each component and oL the resultant nilxture were measured. i\lthough 

only three points were available lor each combination the graphs were 

plotted as straight lines. I t  was concluclecl that this construction nras valid 

alter consideratio11 o l  F ~ g z u - e  1 u~hich was based on benzene-solvent mixes 

having much gieater variation in  percentage composition than the 

toluene mixtures. I t  can be seen that i t  is only ~ ~ l l e l e  the solvents are 

similar chemically, e.g. benzene-cyclohexane and ben~elle-heptane, o r  

exhibit association or hydration, e.g. acetone-water, that the plot departs 

aplxeciably Lrom linearity. Co~nposit io~ls calculatecl o n  a percent by 

volume basis u111ich was used i n  the present ~ v o l k  would have yielded 

more nearly linear lines, except lor acetone-~vater. 



Procedure 

After preparation, the solveilt mixtures were treated to determine 

the best method for recovering the optimum volume combined with 
the maximum purity of hydrocarbon. All but one of the methods con- 
sisted of extracting 50 ml of mixture with different amounts or con- 

centrations of water and acid or other solvents. After extraction, the re- 

maining hydrocarbon was twice washed with an equal volume of water 

to remove any residual acid and the volume of recovered material 

measured in 25-ml stoppered graduated cylinders. The  refractive index 
was taken and the amount of hydrocarbon in the material obtained from 

the al~propriate relractive index-percent composition graph. Drying some 

samples 1vit11 anhydrous sodium sullate had no effect on the relractive 

index so it was concluded that there was a negligible amount of water 

in  the isolated hydrocarbon. 

Fifty-ml sanlples were pipetted into the separatory lunnels so that 

the ideal recovery ~vould be 20 inl. Larger volulnes indicate that not all 
the lacquer solvent was extracted from the hydrocarbon while smaller 

volumes, which were the usual result, inclicate that some 01 the hydro- 

carbon dissolved in the acid-polar solvent mix. 

One ~xocedure suggested by an industrial paint laboratory was dil- 

ferent in that the Babcock bottle used lor butter fat determinations was 
employed in place of several extractions in  a separatory funnel. I11 this 

method 5 ml ol sample were pipetted into the bottle ~ v l ~ i c h  contained 

30 ml of concentrated sulfuric-phosphoric acid mix (1: 1:'i). After shak- 

ing, more acid was added until the undissolved hydrocarboll rose into 
the g~aduatecl neck where the volunle was read. A few drops of the re- 
covered material was used to measure the refractive index. 

The  acids used in preparing the extraction mixtures were concen- 

trated (96%) sulfuric acid ~vhich is 18 RiIolar in strength aucl concen- 

trated (85%) phosphoric acid which is 14.6M. The  standard mix of 
170 parts phosphoric to 100 parts sulluric yields a solution G.'7hI in the 

latter alld 9.2hl1 in the kormer. Molar concentrations have been used to 

show more clearly the dilution by volume of these acids. 

TESTS AND RESULTS 

Effect of Water Washes 

T h e  first experiments were carried out on alcohol-toluene and 
ketone-toluene mixtures to see whether preliminary water waslles ~vould 

aid in recovering toluene lrom ~vater-insol~~ble solvents. I n  reporting 
results the less satisfactory procedures have been omitted because of the 

large number ol possible con~binations. T h e  diIferent procedures used 

and the volurnes recovered are shown in TuOl(, 3. 

In  all cases except one, the preliminary water waslles xirere an im- 

provenlent over direct treatment with the acids even with the inore 
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Table 3-Recovery of Tolzcene Jrorn Toluene-Alcohol 
And Tolztene-Ketone Solutions 

Method Number First Wash Second Wash Acid Treatment 

1 None None 50 tnl (6.7M H,SO, 
(9.2M H,PO, 

2 50 ml H,O None 50 ml 

4 50 ml H,O 50 ml H,O 50 ml 

6 60 tnl H,O 50 ml H,O 50 ml 

10 75 ml H,O 50 ml H,O 50 ml 

Method Volume Purity % Toluene Volume Purity % Toluene 
Number m l % Recovered ml Yo Recovered 

Mixture A Mixture B 
(Ethanol-Toluene) (MIBC-Toluene) 

Mixture C 

(MEK-Toluene) 
Mixture E 

(MIBK-Toluene) 

Alean of t~vo runs. 

water-insoluble solvents. T h e  larger volullles were generally better than 

one or two 50-ml washes. 

Effect of Diluted Acid Wash 

I11 this group of tests diluted acid mixture was used as a wash 
before the co~lce~ltrated acid extraction, either as a replacenlent for or 
in combination with the water wash. T h e  concentrated mix was diluted 
\vith an equal volume of water to provide the preliminary wash. Methods 

and results are shown in T a b l e  4. 
Comparison with T a b l e  3, Method 2 vs. 8, shows that the diluted 

acid was slightly better when used in place o l  a single water wash. hIethoc1 
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7 which llad both a water ant1 a diluted acid was11 was better than both 

the corresponding two water ~vashes (No. 4) and a single acid wash 

(No. 8) .  T h e  amount o l  water to be used xvas then determined at two 
volume levels of tliluted acid as given in  Tnble  5. 

At both quantities o l  water, the larger volume o l  tliluted acid gen- 

erally gave better results. Wit11 50 ml of acid, the lalger volume 01 water 
gave better results with water-soluble solvents ant1 poorer results with 

water-insoluble solvents. However, the coinbination o l  100 ml  water and  
100 ml diluted acid was the best all-round procedure. T h e  volume of 

heptane was near the theoretical with the two methods shown here, so 

this nlixture was not ~estetl further. Even the best nlethotls gave a poor 
recovery of toluene lrom cli-isobutyl ketone (DIBK) . With the other 

Tnble 4 

Method Number Water Wash Second Wash Acid Treatment 

Solvent 

Mixture 

A 

B 

C 

E 

1: 

G 

I 

Volume 

m l 

19.4 

15.4 

19.1 

18.0 

19.4 

16.6 

20.0 

Method 7 
Purity 

% 

99.9 

97.3 

99.8 

95.3 

94.8 

89.0 

97.1 

% Toluene 

Recovered 

96.9 

74.9 

Volume 

rnl 

19.2 

14.9 

19.2 

18.3 

19.2 

16.2 

19.4 

Method 8 

Purity % Toluene 

% Recovered 
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Table 5 

Method Number Water Wash Second Wash Acid Treatment 

7 50 ml 50 1111 (3 3M H,SO, 50 ml (6.7M H-SO, 
(4.6M H,PO, (9.2M H,1'0, 

14 50 nil 100 ml 50 1111 

15 100 nll 50 lnl 50 n11 

16 100 ml 100 1111 60 ml 

Method 7 Method 15 
Solvent Volume Purity % Toluene Volume Purity % Toluene 

Mixture m l % Recovered ml Yo Recovered 

A 19.4 99.9 96.9 19.8 100 0 99.0 

I3 15.4 97.3 74.9 15.0 97.9 73.1 

C 19.1 99.8 95.3 19.2 99.5 95.5 

D -- -- -- 7.8 78.6 29.9 

E 18.0 95.3 85.8 17.2 95.4 82.0 

I 20.0 97.1 97.1 -- -- -- 

Method 14 Method 16 
Solvent Volume Purity % Toluene Volume Purity % Toluene 

Mixture ml YO Recovered ml % Recovered 

A 19.6 100.0 98.0 19.6 99.9 97.9 

I3 15.8 97.8 77.3 15.8 97.9 77.3 

C 19.5 99.6 97.1 19.5 99.4 96.9 

D 7.2 74.0 26.6 8.2 78 5 32.2 

E 18.0 95 /1 85.9 18.2 99.8 90.8 

I; 19.4 96.9 9 1.0 19.6 98 .O 96.0 

G 17.4 90.2 78.5 17.6 88.5 77.9 

H 17.8 99.5 88.6 18.6 99.'i 92.7 

I 19.9 98.0 97.5 -- -- -- 

metliods three layers were usually formed upon addition of ~ l ie  con- 

ceiltrated acid mixture. 

The  best diluted acid procedure, No. 16 ( T u b l e  5) can be compared 

with the best water method, No. 6 ( T a b l e  3 ) .  In every case except one 

the diluted acid procedure is better with regard to either the volulrie 

recovered or the purity of the toluene. Both methods were reserved for 

further work on the lacquer thinners. 

Effect of Acid Composition of Second Wash 

T h e  proportions of sulfuric and phosphoric acids in the diluted 

acid extractioils and the amounts of tlie mixtures aclded were varied. A 
definite trend could not be detected due, perhaps, to the strong interaction 



betrveen treatnlents. Tavo procedures which could not separate tolue~le 

Srom methyl isobutyl carbinol (MIBC) were aballdo~lecl and the re- 

mailling five variations retained Tor application LO lacquer thinners. 

Effect of Concentrated Acid Composition 

Since pi-eliminary water and clilutecl acid treatments llad been ef- 

Sective ~vi th  co~lcentrated ;~cicl mixture it tvas decided to apply the same 

technique to the coilcentrated sulfuric acid of the original procedure. 

I t  was thought that sulfuric acid might be better tvitli the water-insoluble 

solvents. Polar solvents te~lcl to become more insoluble in 85% (I-1.6M) 

H,I'O, 1~i111 increasi~lg chain lengt11, the limit being about nine carbon 

atoms in the molecule. T h e  comparison was made using three different 

preliminary acid waslles as shoavn in Tnble 6. 

I n  all cases except one the acid mixture was much superior to the 

Tnble 6 

Method Number Water Wash Second Wash Acid Treatment 

26 100 ml 100 1n1 12M HSO. ,  50 1111 18M H,SOI 

Method Volume Purity % Toluene Volume Purity % Toluene 
Number ml % Recovered m l Yo Recovered 

Mixture A Mixture B 

2 1 13.4 99.6 67.2 28. -- -- 

22 19.3 100.0 96.5 36. -- -- 

Mixture C Mixture E 

2 1 13.4 99.9 66.9 9.4 98.3 46.2 

22 19.5 99.8 97.3 19.2 98.7 94.8 

2 (i 15.6 99.6 11.1 14.2 99.7 70.8 
-,- - 

25 19.0 99.9 94.9 18.2 99.7 90.7 

23 14.0 99.8 69.9 11.0 99.6 54.8 

24 19.2 99.8 95.8 17.0 99.5 94.5 
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Table 7 

Method Number Water Wash Second Wash Acid Treatment 

Solvent 

Mixture 

A 

I3 

C 

D 

E 

F 

G 

H 

Volume 

ml 

Method 29 

Purity % Toluene 

% Recovered 

99.8 97.3 

96.9 82.4 

99.9 94.9 

Method 31 

Volume Purity 

rnl % 
% Toluene 

Recovered 

straight sulfuric acid. Sulluric acid reduced 50% by volume and straight 

phosphoric acid were both somewhat unsatisfactory for preliminary 

washes before extracting with the acid mixture. 

Tests were next ~nacle in the other direction, i.e. with increasing pro- 

portions of phosphoric acicl at two volume levels as shown in Tables 7 

and 8. 

The  increased phosphoiic acicl was better with some o l  the water- 

soluble solvents and ketones but poorer with the alcohols. I t  did not 

separate toluene lrolll di-isobutyl ketone (DIBIL) and yielded a slightly 

high voluine with ethyl acetate. I n  the next series a method with an 

i~ltermecliate phosphoiic acid con~position was included to see xvhether 

an  optimum content might be reached. 

l\Iethod 17 was droppecl because it gave high results wit11 MIBC 
urithout a corresponding increase in the yield lroin other solvents. 

h le~hod 36 did not seem to be an improvement over similar methods 

and since it was the last procedure developed it was not tried on the 

lacquer thin~ler combinations. 

Effect of Concentrated Acid Volume 

T h e  other variable of acicl extraction, the volume, was also explored. 

Results lor these methocls, except the Babcock proceclure, No. 37, have 

already been reported but are listed again lor ease o l  comparison. I n  

T a b l e  9 the readings lroill the Rabcock bottle have beell coilverted to 

millilitres recovered lrom 20 1111 toluene in the sample. 
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Table S 

Method Number Water Wash Second Wash Acid Treatment 

Solvent 

Mixture 

A 

B 

C 

D 

E 

I; 

G 

I-I 

Method 17 
Volume % Toluene 

ml Recovered 

Method 36 

Volume % Toluene 

ml Recovered 
- 

19.3 96.3 

16.3 75.8 

19.4 96.8 

-1.6 -- 

18.5 89.4 

19 :1 96.6 

19.4 95.9 

17.6 8-13 

Method 32 

Volume % Toluene 

ml Recovered 

An obvious trend can be seen in that the larger volumes of con- 

centrated acid gave better results with water-insoluble solvents and the 

smaller voluines better results with water-soluble solvents. This was 

especially true of the Babcock methocl, No. 37, ~\'hich yielded results 

with the water solubles that were as low as the first sulluric-pl~osphoric 

procedure, No. 1, while with DIBK it was the only methocl to approach 

the theoretical yield of 20 ml. I t  could not be predictecl ~vhich solvent 

effect would predominate when analy~ing a lacquer thinner so methods 

16, 29, and 37 were selected for trials. 

Effect of Solvent Extractions 

A different approach to recovering toluene lronl solvent mixes was 

atleinptecl by the use or a xvater-miscible solvent extraction beCole the 

concentrated acid extraction. I t  had been suggested that a solvent such 

as ethanol inight cause soine 01 the polar lacquer solverlts to dissolve in 

the waler phase. T h e  toluene in the remaining thinner ~vould then be 

present in a higher proportion and when extracted with acid nroulcl 

have less tendency to clissolve in the acid-polar solvent mixlure. Firty 

percent ethanol-water was used al two volume levels but except with 

DIBK gave lower recovelies than  he corresponding water washes, espe- 

cially with the water-soluble solvents. This is probably due to the coupling 

action or ethanol on toluene-waler mixtures. 

The  concept was then developed or using a material in which lacquer 

solvents but not toluene are soluble. Ethylene glycol was chosen although 

preliminary tests showed that it did not dissolve DIBIC. Twenty-five per- 
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Table 9 

Method Number Water Wash Second Wash Acid Treatment 

16 100 ml 100 1111 (3.3M H.SOI 50 ml (6.7M HSO, 
(4.6M E12P0, (9.2M H,PO, 

29 100 1111 100 ml 7.5 ml 

17 100 ml 100 ml 100 ml 

37 None None Large escess " 

Solvent Volume Purity % Toluene 

Mixture ml % Recovered 

Method 16 
- 

A 19.6 99.9 97.9 

Volume Purity % Toluene 

rnl Yo Recovered 

Method 29 

19.5 99.8 97.3 

17.0 96.9 82.4 

19.0 99.9 94.9 

Method 17 Method 37 

A 19.6 99.7 97.7 19.1 99.8 95.3 

cent water was added to the glycol to ensure formation of two phases. 
This solution was tested as a 1-eplacelnent for the water wash and the 
diluted acid wash but was inferior to both. Finally 1:l and 2: 1 mixtures 

of ethylene glycol-ethanol were usecl wit11 addition of water if required 
to form two layers. Here again the recoveries were quite low. None of 
the solvent extraction procedures were applied t o  the composite thinners. 

Analysis of Lacquer Thinners 

Four difrerent types of lacquer thinners representing the various 
types in comnlon use were forinulatecl. Formula J, "High Quality" and 
Formula L, "Lou~ Quality" were based on information given in Mat- 
tiello3 with acljustille~lt of the hydrocarbon content clown to 40%. 



Table 10-Formzrlas of Lacquer Thinners 

n-EuLyl acetate 

Ethyl acctate 

n-l3utanol 

Ethanol (95%) 

Toluene 

I-Icptane 

I'arts by volume 

n-Butyl acetate 

Ethyl acctate 

Acetone 

Methyl ethyl ketone 

Di-isobutyl ketone 

n-Butanol 

Methyl isobutyl carbinol 

Isopropanol 

Toluene 

Parts by volume 

Formula J Formula L 

High Quality Low Quality 

25 20 

10 15 

I5 10 

10 15 

40 20 

20 
- 

100 100 

Formula K Formula M 

High Solids High-Low 

20 - 

5 - 
- 15 

25 15 
- 20 

10 - 
- 5 
- 5 

40 
- 

40 
- 

100 100 

Table 11-Procedures for Zsolatitzg Hydrocarbons 
From Lacquer Thitzt~ers 

Method Number Water Wash Second Wash Acid Treatment 

None None 

33 100 ml 100 1111 14.6M H:IPO, 7 5  nil (6.7M H,SO, 
(9.2M H 3 P O ~  

37 None None Large escess " 
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Formula K, "High Solids" was obtained from commercial literature" 
with adjustment of toluene u p  to 110%. Formula M, "High-Low" was 
also a commercial forinu1a"ith the toluene content increased to 40% 

and cli-isobutyl ketone used in place of the suggested ethyl amyl ketone. 

T h e  co in~os i~ ion  of the four thinners used in this work is given 
in Table 10 and the clelails of the different procedures appliecl to them 
in Table 11. Tlle direct concentrated acid extraction No. 1, is included 
for comparison. T h e  complete test results are shown in Table  12. 

The  "High-Loav" thinner reacted quite differently from the others 
and the Babcock procedure, No. 37, appears to be the only acceptable one 
for this type of thinner. Ho~vevei-, with the more custonlary thinners 
method 3'7 is worse than all the extraction procecl~ires tested except the 
original ine~l~ocl. T h e  mean volume recovered, mean purity, and mean 
percent hytlrocarbon recovered were calculated for each method fro111 
the first ~ h r e e  thinners. These values are given in Table 13. 

Method 32 gave high total volume with all four thinners ancl was 

Table 12-Recovery of Hyc1rocarbo)zs from Four Lacquer Thinners 

Method Volume 

Number m l 

% Hydro- 

Purity % Toluene Volume Purity carbon 

% Recovered ml  % Recovered 

Formula J Formula L 

91.5 81.6 19.5 91 .-k 89.1 

97.5 94.1 19.6 95.1 93.2 

95.1 94.1 19.0 9 9 3  94.5 

99.0 96.0 19.2 98.1 94.2 

95.7 94.7 19.3 96.5 93.1 

98.G 95.6 19.8 96.5 95.5 

94.0 95.9 20.2 93.7 94.6 

97.8 91.9 19.6 96.8 94.9 

98.8 8S:k 19.2 115.6 91 .8 

Formula K Formula M 



Table 13 

Method Total Volume Purity % Hydrocarbon 

Number Recovered 'Yo Recovered 

1 18.63 91.9 85.6 

6 19.43 95.4 92.7 

rejected. I n  specification testing o l  nlaximum lilnits it is necessary to err 

on the l o~v  side. With thinners J, K, and L,  neth hods 16, 30, and 33 gave 

the highest total recovered volume. However, the lnean lrorn 33 is mis- 

leading because of the high result obtained with K. I n  percent hydro- 

carbon recovered, .c\~hich includes both ihe purity and alnount ol isolated 

solvent, mechods 25, 30, and 16 rank in chac order. No. 30 has tile best 

over-all racing, i.e., high recovered vol~une and high purity. 

One surprising feature is the small difference between the various 

exlraction procedures when applied to the tllinne~s as compared to the 

results on the two-component mixtures. For example, No. 16 gave con- 

siderably better yields than No. 6 with several simple mixes but the 

difference between them on tlie thinners is very small. 

SUMMARY 

Study of the results Iron1 the ti\ro-component nuixtures shoived that 

the sulluric acid content o l  tile concentratetl extraction nlixture seemecl 

to be the most important variable. There was not an exact correlation, 

partly because there Itrere no experiinents ~\.ith acid mixes betrveen 

straight 18M H,SO, and the combination ol G.7M 1130, and 9.2M 
H,PO,. This trend, ho~\rever, did not appear in the lacquer thinner 

results. 

It was also impossible to choose o l~ t imum conditions lor coinbinecl 

solvents by s tudyiG the 1~1.0 conll,one~lt ~nixturcs. There was not one 

solvent or group of solvents that correlated .cvith the order 01 results 

obtained ~v i th  the lacquer tliinners. T h e  preliminary tests, therelore, 

served only to eliminate sonle oT tlie inore unsatislaclory ~~rocedurcs. 

I t  is doul~t lul  whether the methot1 given in  U.S. ~ e t l e r a i  Specification 

TT-T-266 woulcl extract all the uater-insoluble ketones and alcohols. 

T h e  lxocedure, in paragraph 4.2.5.3 of tile specification, makes one ex- 

traction ~v i th  corlcentrated l~hosphoric acid. I n  the work reported here, 

methods 24 and 33 had H,PO, as a ~vash prior to extraction with the 
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sulfuric-phosphoric mix. I n  spite of this more severe treatment, method 
33 yielded high results with two of the lour thinners which indicates 

incomplete extraction of lacquer solvents. 
From the lacquer thinner results it is concluded that the procedure 

using the Babcock bo~t le  is the only suitable chemical method for thinners 
containing large quantities of polar solvents that have eight or more 
carbon atoms. Generally such materials are only present to any extent 
in "High-Low" lacquer thinners. I t  is also concludecl that the same pro- 
cedure is un5atislactory for analyzing the customary type of lacquer 
thinner. 

For conventional thinners the method outlined belo~v gave the 
most consist en^ results in  volume and purity of the recovered hydro- 
carbon. T h e  latter property is important if the isolated inaterial is to 
be subjectecl to furtller examination. T h e  proceduie is as follows: 

50 in1 of thinner is pipetted into a separatory funnel ancl tvashed 
with 100 ml of water. T h e  water layer is reinovecl and 100 ml 

of 75% I-I,SO, (2: l)  added. The funnel is shaken gently, al- 
lowecl to cool and the acid layer clra~vn off 75 ml ol coilcentrated 
phosphoric-sulfuric acid mix (1.7: 1) is added, shaken and dis- 
carded as before. The  remaining solvent is washed twice with 
an equal volume of water. T h e  washed hydrocarbon is trans- 
ferred to a stoppered graduated cylinder and the measurecl vol- 
ulne mul~iplied by 2 to obtain the percent hydrocarbons by 
volume. 
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