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is that  lesser quantities are required. In general, satisfactory 
emulsions can be made using only 70% as much free lignin as 
the sodium salt. The chief disadvantage is an extra step required, 
since the free lignin would have to  be prepared as a separate 
solution or else added to  the water phase before the resin acid. 

Another advantage of using the sodium salt of lignin that was 
not brought out in the present work, but which is a very real 
asset, is that  it  can be added as a solution to  the finished emulsion 
t o  bring i t  within specifications. The best way to add it is with 
the emulsifying solution. However, sometimes an emulsion is 
slightly off specifications, as in the cement test, and it is very help- 
ful to be able to  add a stabilizer solution to correct this de- 
ficiency without going to  the trouble of putting the emulsion 
thmugh the machine again. 

ACTION OF P I N E  WOOD LIGNIN A S  A STABILIZER 

Pine wood lignin appears to  have a dual role in stabilization of 
slow-break asphalt emulsions. Its most important function is 
prevention of the reaction of emulsifying soap with calcium which 
would cause precipitation and deactivation of the emulsifier. In 
this respect the lignin acts as a sequestering agent by reacting 
preferentially with the calcium. For this purpose lignin is pre- 
ferred over the inorganic sequestering agents because it adds less 
.ash to  the system and also because of its better compatibility. 

T o  demonstrate this property more fully kerosene-in-water 
emulsions were made up  in the manner described for asphalt-in- 
water emulsion and stability toward calcium chloride was oh- 
served. Two hundred grams of 25% kerosene-in-water emulsions 
were made, using 3 grams of resin acid soap as the emulsifier. 
When put through the colloid mill this emulsion was stable for 2 
hours. This procedure was repeated except that  2 grams of 
anhydrous calcium chloride were added t o  the water prior to 
adding t o  the colloid mill. The resulting emulsion broke after 
standing for 1 minute. The run was repeated but 1.65 grams of 
alkali lignin were added in addition t o  the 2 rams of calcium 
chloride t o  the water just before passing througf the colloid mill. 

The resulting emulsion in this case was stable for 1 hour before 
beginning t o  break. 

The dispersing action of alkali lignin has been reported in other 
fields, where i t  is shown to be effective for clays ( 2 )  and carbon 
black ( 1 ) .  Advantages over organic stabilizers which have been 
used are better compatibility, generally greater economy, and 
stability on storage for long periods. 

CONCLUSIONS 

Alkali lignin, through its sequestering and dispersing proper- 
ties, is a very effective stabilizer for slow-break asphalt emulsions. 
The present work shows that satisfactory slow-break emulsions 
can be prepared using petroleum asphalts that  come from a wide 
variety of crudes. No correlation could be shorn between crude 
source, asphalt properties, or refining variables and ease of 
emulsification. Pine wood lignin, because of its low price, ready 
availability, stability on storage, compatibility with all types of 
asphalt encountered and all common soap emulsifiers, presents an 
effective answer to one of the emulsion producers most difficult 
problems. 
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1 Sulfur Compounds as 
Antioxidants 

EFFECT OF SOME STRUCTURAL VARIATIONS ON PQTENCY 

R. B. THOMPSON, J. A. CHENICEK, AND TED SYMON 
Universal Oil Products Co., Riverside, I l l .  

recent paper (14)  8-alkylmercapto ketones were shown to 
IN be A 4  effective antioxidants using lard as a convenient substrate. 
Materials of this type have shown antioxidant properties in sub- 
strates as diverse EM gasoline, styrene, and paraffin wax. Some 
of the features that affect the pokency of these compounds were 
pointed out and a tentative theory t o  explain the lower potency of 
certain materials wa8 suggested. The results of synthesis and 
testing of additional compounds to provide a better understand- 
ing of the problem are described in this paper. 

The reaction of the bifunctional sulfur compounds, hydrogen 
sulfide or ethanedithiol, with CY, @-unsaturated ketones leads to  
ketones having a sulfur attached to  the @-carbon atom (3, 16). 

2CH&OCH=CHa + HzS ----t (CHd2OCHzCHz),S 

2CHsCOCH=CHg + HSC,H,SH ----f (CHaCOCH&H2SCHZ-)' 

Both these rea+ions proceed readily in the presence of basic 
Results of testing some of these materials as anti- catalysts. 

oxidants are shown in Table I .  

As would be predicted from the results with the 8-alkyl- 
mercapto ketones, these compounds are potent antioxidants. 

One other class of compounds that  reacts like the a,&unsatu- 
rated ketones is the CY-vinylpyridines. a-Vinylpyridine reacts 
readily with compounds containing an SH group and materials 
prepared from i t  were tested as antioxidants. By proper control 
of the order of addition and ratio of reactants it was possible to  
obtain the mercaptan or the sulfide from reaction with hydrogen 
sulfide (Table 11). 

+ H2S (excess) -+- 

The low potency of these materials places them in the same 



1660 I N D U S T R I A L  A N D  E N G I N E E R I N G  CHEMISTRY Vol. 44, No. 7 

class as the rnercapto nitro and cyano compounds previously rc- 

In certain cases when an acid catalyst is used to effect coiiden- 
sation, three molecules of mercaptan react with a,p-unsaturated 
carbonyl compounds by addition across the double bond and 
formation of the dithioacetal accompanied by elimination of 
water (18) Data on two such compounds are shown in Table 
111. 

All the compounds examined heretofore have the sulfui at- 
tached t o  the carbon atom p- to the keto or mercaptal group and 
it was of interest to  see whether potent inhibitors could be ob- 
tained with sulfur attached to  the carbon atom a-, y-, or 6- to the 
functional group. Synthesis of compounds with sulfur attached 
to the a-carbon atom proceeds readily through reaction of the 
a-chloroketone with the appropriate alkali mercaptide. The y 
and 6 compounds were prepared hy reaction of the chlorosulfidcs 
with acetoacetic ester as shown below: 

CICH,CH,CI + NaSC2HE --+ CICHzCII,SC2H, + SaC'1 

CICH,CHzSC21& + (CH3COCHC02C2H,) - S a +  + 

ported ( 1 4 )  

( 2H,SCH2Cir2('II /Co2c'2Tf \'IC1 
\ 

COC€I, 

C'OLC , 1 1 5  
/ 

Data on these compounds along ni th  those for the correspond- 

Only the compounds having sulfur on the carbon atom @- t o  

It has been suggested ( 1 4 )  that a special steric configuration is 
If, on the other hand, some special 

ing p materials are shown in Table IV. 

the carbonyl show any appreciablr potency. 

necessary for high potency. 

chemical property is responsible for high potency, it should be of 
interest to  investigate vinylogs (6) of the p compounds as anti- 
oxidants. Synthesis of such a compound was attempted by t,he 
fol lo~ing reactions: 

CH,=CH-CH=CHCN + CZH,SH --+ C2HESCH&H= 
CHCHSCS 

C2H6SCI-I2CH=CIICH&O~T5 

Unfortunately, the last step involving reaction with a Grignad 
reagent caused decomposition and evolution of a sulfur-contain- 
ing material. However, i t  was possible to hydrolyze the nitrile 
to the acid (4) and to compare this product with p-ethylmercapto- 
propionic acid (7). 

Reaction of a mercaptan with tlic appropriate acetylenic ketone 
leads to  a P-mercaptovinyl ketone which has the double bond in 
the C U , ~  position. Such a ketone, which should differ in proper- 
ties from its saturated analog, was prepared from benzoylacct3 - 
lene. 

Previous datum (14)  predicts that the nitrile would be of low 
potency, but the low potency of the unsaturated acid indicates 
the necessity of having the sulfur on the p-carbon atom. Com- 
parison of p-ethylmercaptovinyl phenyl ketone with its saturated 
analog shows a difference in antioxidant properties (Table 1'). 

Compounds that  have sulfur attached to the carbon atom p- to  
the caibonyl in which the carbonyl and/or sulfur are in a ring 
should have steric relationships very different from those of 
straight-chain compounds. Two cyclic compounds of this type 
are shown in Table VI 

The 4-thiacyclohexanone is a material of lower potency as 
expected, but the ethylmercaptocycloheva~ione is better than ex- 
pected, a- the sulfur and oxygen do not have thc same steric rela- 

tionqhip as in straight-chain compoundu. 

DISCUSSION TABLE I .  BL~LFLTR COMPOCTDS COXTAIKITG Tn-o CIRBOTYI. GROGPS 
Several different lards were used in 

Compound Foriiiula O c. C. Win. Weight these tests. This was necessary be- 
5-Thianonane-2,8- CHaCOCHaCI-1% cause the data were accumulated over a 

considerable period of time and the 

A O l I  Time (9) .  
N.P., g.r., Pressure, Hours, 0.02% by 

B dione 

, , , , , 100-102 CHaCOCIlzCHa 2 
/ 

,?,&Dithiadodecane-2,- CHaCOCIIzCHaSCHz 
11-dione 

CH2COCHnCHndH2 42-43 . . . . .  
COHl 

0 In 4.5-hour lard. 
b In 9-hour lard. 

Goa original supply of lard was exhausted. 
Even though different lards were used, 
the differences in AOM times are suffi- 
ciently great t o  support the conclusions 
presented in this paper. 

Present-day theory postulates that 
antioxidants funct.ion by reaction of the 
free radical intermediates with active 
hydrogen of the inhibitor to  break the 
chain in a fashion similar to  that of the 
following equation: 

94 6 

11 b 

TABLE 11. SULFUR COnlPOCNDS FROM a-VIh.YI,YYRIDINE 

Pressure, AOM Time, Hours,  
Compound Formula B.P., a C. M m .  0 02% by Keight 

ROO. + 1nh:I-I + Inh. + R00:H 

The free radical Itih. does not have sufficient 
energy to continue the chain. Unlike the more 
c,onimoii types of antioxidants, phenolic or amino- 
aromatic, no active hydrogen is apparent in the 

p-(a-P ridy1)- (0 ) formulas of these sulfur inhibitors. Assuming 
NP-CHZCH~ nS 185-190 3 < l i r  that the chniii is broken at the same point by the 

sulfur inhibitors, two methods by which this can 

-CHaCHrSII 108-109 20 < l o "  

@-(cl-Pyridyl)- 
ethyl mercsp- 
tan 

ethy7sulfide 

Ethyl @-(a-pyri- () 
20 

dyl) ethyl sul- 
fide ' ~ / - - C H ~ C H ~ S C Z H I  129-130 

occur can be pictured. 
1. The sulfur compound may serve as an 

easilv oxidized material to destrov the free radi- 1 o" 

0 In  &hour lard. cals by a reaction of the type 2R00. + €LO + 
RSR -+ 2IIOOI-I + RSOR. The sulfoxide can 
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hexanone. But  because of the flexibility of the cyclohexanone 
ring, it is possible to  effect fairly close approximation of the sulfur 

AOM Ti e, and the oxygen. The 8-ethylmercaptovinyl phenyl ketone is of 
Compound Formula 0 c. M ~ .  by Weight interest, since the formation of an allenic system would be neres- 

I ,1,3-Tris-(ethyl- CHeCHyCH(SCz Hs)z 0 7-07 2 <20" sary to  permit enolization; the high energy of such a system 
mercapto)-pro- 
pane 

memapto)-bu - 

TABLE 111. TRIS-(ETHYLMERCAPTO)-ALKANES 

B.P., Pressure, Hours. 0.3% 

would inhibit its formation. SCIRt 

1,1,3-Tris-(ethyl- C H D C H C H Z C H ( S C Z H ~ \ ~  00-42 1 <19a EXPERIMENTAL 
tane kC*IIs 

l%EACTIONS OF HYDROGXK SULFIDE AND ETHANE DITHIOI, 

" In 4 5-hoiir lard WITH  UNSATURATED KE- 
TONES. One mole of the 
sulfur compound reacts readily TABI,E Il-, a-, 6-, T-, 8-ALKYLMERCAPTO KETONES 

Compound 
a-Alk ylmercaptoacetophe- 

8-Ethylmerraptopropio- 

,3-Alkylmercaptoethyl 

r-Ethylmercaptopropyl 

none 

phenone 

methyl ketone 

methyl ketone 

Ethyl a-(3-thiapentyl)-ace- 
toacetate 

Ethyl a-(4-thisht.~yl)-nce- 
toaretatc 

B.P.. Pressure, M.P., AOM Time, Hours with 2 moles of a,p-uns&u- 
c. Mm. C. 0.02% by Weipht' rated ketone in the presentc of 

124-129 4 . .  <21b x few drops of piperidine. 
REACTIONS OF a-VINYLPYRI- 

DINE WITH THIOL COM- 
. . . .  45 91 c 

9 1-94 16 . . .  3 8 b  POTWDS. No catalyst is ncces- 
107-110 20 . .  <16e sary for the reaction of 0-vinyl- 

pyridine, but a few drops of 
piperidine speed it up. 

1 1 5  3 . . .  < I 6 C  FORMATION OF TEE TRISAL- 
K Y 1 , T H I O  A L K E N E S  FROM 

122-128 2 . .  M E R C A P T A N S  A N D  a,@-U;hi- 
S A T  U R A T E D  A L D  E H Y D E S . 

0 R = chiefly a-propyl. Mercaptan8 obtained from caustic extraction of sour gasoline and dist~llation. Thr a,  p-unsaturated itlde- 
hydes react very vigorously 
with mercaptans in the pres- 
ence of anhydrous hydrogen 

react further to form the sulfone. This mechanism implies that  chloride. 
the p-carbonyl is an activating group which causes the sulfur to br ~-ALKYL\IBRCAPTOACETOPHENONE. A solution of qodium 
more easily oxidized, since alkyl sulfides and sulfoxides are i m p -  mercaptide in methanol was heated under reflux with an equi- 
tent antioxidanh; alsooxidation of a p-alkylmercapto ketone to  the molar quantity of a-chloroacetophenone. 
sulfone destroys its potency (14). It offers no explanation for the a-ETHYLMERCAPTOPROPIOPHENONE. Vinyl phenyl ketone ( io)  
unexpected variations in potency that have been suggested pre- reacted readily with ethanethiol in the presence of a trace of 
viously as due to  steric relationships. piperidine. 

An available hydrogen can be produced by an enolization of An excess of ethylene 
the keto group. The enol should be capable of stabilization by chloride (5 moles) or 1,3-dichloropropane was boiled under reflux 
chelation with the sulfur on the @-carbon atom. with a methanolic solution of sodium ethyl mercaptide (1 mole), 

b I n  9-hour lard. 
e I n  5-hour lard. 

2. a- and 8-ALKYLMERCAPTO KETONES. 

TABLE v. UNSATITRkTWT) 1 ~ L K Y L M E R C A P T O  CARBONYL COMPOUNDS 

M.P., B.P., Pressure, AOM Time, 
Compound Formula ' C .  ' C. Mm. Hoiirs 

,9-Ethvlmercapt,opropionic 
140-142 21 56'' 

B-Thia-R-~ct~enoic nitrile C?HsRCHzCH=CHCH&N . . . 104-107 1 . 5  13 b 
8-Ethylmercaptovinyl 

0 
// 

acid CzIIaSCHzCH,COzII 
6-This-3-octenoic acid C?HsSCHzCH=CHCHzCOzlI 44-47 . . . . . l l b  

phenyl ketone CsHd3CH=CHCOCeHs . . .  125-180 0 . 2  17= 

'3 RSC CC-R' --+ 
-e-- 

c 
I II 

I 
R' a 0.02% by weight in'5-hour lard. 

b 0.027 by weight in-9-hour lard. 
C 0,2Od by weight in 5-hour lard. 

Tf an intermediate such as I1 is responsible for the anti- 
oxidant activity of the sulfur compounds, it  explains why 
the compounds capable of assuming this configuration 
only with considerable strain belong to  the class of th r  
less effective inhibitors. The less effective inhibitors in- 
tlude the sulfur compounds derived from tert-alkyl or 
aryl mercaptans: 3-keto-tetrahydrothiophene, 2,5-bis-( 1- 
ethylmercaptobenzy1)-cyclopentanone, p-ethylmercap- 
tovinyl phenyl ketone, 3-ethylmercaptocyclohexanon~, 
and 3,3,5,5-tetramethyl-4-thiacyclohexanone. 01-, Y-, and 
8-Alkylmercapto ketones or acids are in a separate cate- 
gory and are consistently poor inhibitors. Of these 
materials all may be classified as being inhibitors of 
low potency, except for the 3-ethylmercaptocyclo- 

TABI,F: VI. CYCLIC SULFUR COMPOTJNDS 
B P. Pressure. A0.M Time, 

Formula "'C.' Mm. Hours Comriounrl 
0 

3-Ethylmetrrtr~tocy~lo- 
hexanone 122-123 13 40- 

0 
3.3,5,5-Tetramet hyl-4- 

thiacyoloheranone 
( 1 2 )  92-93 13 

a 0.0270 concentration in 5-hour lard. 
b 0.2% concentration in 5-hour lard. 

21 b 



1662 I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y  Vol. 44, No. 7 

The solutions were distilled first at atmospheric and then at  re- 
duced pressure. PEfhyImercapbethyl chloride boils at 55-58 "/ 
22 and r-ethylmercaptopropyl chloiide at  69-73 "/20. The 
chlorides (0.5 mole) were added to a solution of sodio ethyl aeeto- 
acetate (0.5 mole) in absolute ethanol. Hydrolysis to the ketone 
was effected by stirring with 5% sodium hydroxide a t  room tem- 
perature. 

Ethanethiol ( I  mole) added ieadily 
topyanobutadiene ( I S )  in the presence of piperidine (6).  Hy- 
drolysis to the free acid was carried out according to Coffman ( 4 )  

P-ETHYLMERCAPTO~INYL P m m ~  ECETO~YY. Ethanethiol (1 
mole) added readily to  benzoylacetylene (1 mole) (2, 8 )  in the 
presence of piperidine. 

3-ETHYL~fE.RC.44PTOCYCLOHEXB"E; Ethanethiol added 
readily to eyelohexenone ( 1 )  in the presence of piperidine. 

~-TRLA-~-oCTEXOIC ACID. 
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Ethyl Maleopimaric Soap as 
Emulsifier for GR-S Polymerizations 

MILTON FELDON 

F. L. McBENNOX AND R. V. LAW'RENCE 
Government Laboratories, University of Akron, Akron, Ohio 

Southern Regional Research Laboratory, New Orleans, La. 

HE internal conjugated double bonds in abietic-type acids. T which appear to inhibit addition polymerization, have been 
modified in a commercial emulsifier by disproportionation of 
rosin to  yield a mixtuie consisting essentially of h j  dio- and de- 
hydroabietic acids (12) .  Another approach, adopted by the 
Southein Regional Research Laboiatorv in an effort to  develop 
pine gum derivatives suitable for comniercial exploitation, is 
elimination of the conjugation bv a Diels-Sldw rciiction n ith 

0 

0 
€3 I/ c- c-osa, 

L 

H--  C-C-OXa 
H I! c, 

Disodium Soap of Maleic Anhydride 
Addition Product of Ethy! Levopimarate 

(Ethyl Maleopimaric Soap) 

maleic anhydride (14).  A derivative of this type was evaluated 
as an emulsifier for the polymerization of GR-S at  122" F., but 
the reaction rates x-ere lower than desired (8). The use of the 
better quality maleopimaric acid obtained by the process de- 
scribed by Waite, Collins, and Summers (16)  for the preparation 
of the ethyl maleopimaric soap yielded a product that appeared to 
be satisfactory. The results obtained aith a sample of the im- 
proved product, which has the nominal formula presented here- 
with. are reported. 

PROCEDURE 

Butadiene-styrene copolymers were prepared in 5-gallon reac- 
tors lined with glass or stainless steel and equipped ni th  3-inch 
diameter marine-type impellers rotated at  1125 r.p.m. The 
charges TI ere prepared according to  the following formula and 
then polymerized a t  122 * F (50 C ): 

Ingredient Parts by Weight 
Butadiene 7 1 . P  

2 8 . 9  
b 

Styrene 
DDM (commercial a-dodecyl mercaptan! 

4 . 3  
Potassium persulfate 0.30 
Water 180 

Ethyl maleopimaric soap or Dresinate 781 

"Pure basis. 
b Varied to obtain copolymers with a llooney viscosity of 50 ML-4 a t  

o Drainate 731 is 5 reglstered t,rade-mark for the sodium soap of dispro- 
72 f 3 %  hydrocarbon conyersion. 

oortionated rosin acid as manufact.ured by the riercules Powder Co. 

The pH of the soap solutions was adjusted to 10.2 f 0.2 with 
sodium hydroxide. The extent of polymerization was calculated 
from the total solids contents of samples of vented latex removed 
from the reactor during the course of polymerization. The 
polymerizations were stopped nt 72 =k 3% conversion by adding 


