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COURATE STATISTICS on surfactants used are diffi-
A cult to obtain for various reasons. There are
many different fabries processed, each of which
requires somewhat different processing. There are
further differences in processing due to the proper-
ties desired in the final product, such as handle,
color, and finish. Each mill has a somewhat different
problem from that of other mills and so may use dif-
ferent processing methods. This makes extrapolation
of figures obtained subject to error. The problems to
be solved by each mill are constantly changing, re-
sulting in a shift in type and quantity of surfactant
used. Variations in the relative price of surfactants,
particularly that of soap, often results in a change
in the produet used, particularly in wool scouring.

This introduection is a devious explanation why the
data in this paper may be in error in some cases, and
why a more detailed breakdown of some operations
has not been made. It is hoped that this paper will at
least constitute a start which can be expanded in the
future.

The sources of data used in this paper are gov-
ernment statistics, requirements of individual textile
mills, estimates made by textile supply houses, esti-
mates made by manufacturers of surfactants, and
published papers and books. It was encouraging to
note that the partial estimates of detergent sales to
the textile industry were reasonably close to the inde-
pendently-arrived-at figure of mill requirements. The
data to be presented are based on textile processing
in 1952, the last year for which complete production
data was available. Corresponding figures are given
for 1953 where they are available.

One of the two determining factors of the amount
of surfactant used in textile processing is the quan-
tity of textiles processed. A start may be made with
data for total textile production. These are shown in
Table I.

" TABLE I

Textile Production
(Millions of pounds)

1952 Consump- 1953
Fiber Produc- tion by Production
tion End-Use (estimated)
4,479 4,165 4,380
347 647 525
120
1,469 1,300
594 ’
212
234
95
7 6 7
214 197 300
49
6,351 6,484 6,512

% Rayon and acetate combined.

The difference in production and consumption fig-
ures in the above table is due to one fiber being used
as a relatively small part of a fabrie consisting largely

1 Presented at the fall meetmg of the Amercan Oil Chemists’ Society,
Minneapolis, Minn., Oect. 12, 1954,

of another fiber. About 45 million lbs. of rayon and
acetate, for example, were eventually sold in woolen
goods. In addition, the consumption figure takes into
aceount the reprocessed fibers. About 73 million 1bs.
of reprocessed wool were used in 1952,

The first simplification of the problem is made by
noting that 3,279 million 1bs. of the total 4,165 million
Ibs. of cotton consumed were used in broad woven
goods. The rest of the cotton is used principally in
knit goods, tire cord, cordage and twine, thread and
tufted fabrics, none of which uses large quantities
of surfactants in its processing. It is believed that
the quantities of surfactants used in such operations
are smaller than the probable error in the estimates
to be made later, so these operations will not be in-
cluded in this paper. The largest of these operations
is knitting. Data on production are shown in Table
IT for those who may want to inelude it in other
estimates.

The production of broad woven goods is shown in
Table III.

TABLE II
Knitwear—1952 Production
Millions
Fiber of Pounds

(estimated )
Cotton 190
Rayon and acetate... 40
Wool 40
Nylon and other 25
TOtAL ccccoeeieeeiorreieiscesressnesesaesarereareearereensenneeersserses 295

TABLE IIL
Production of Broad Woven Goods
1952 1953
Fabric Millions Millions | Millions Millions
of of of of
Yards Pounds Yards Pounds
Cotton 9,515 3,279 | 10,203 3,295
Rayon and acetate............... 1,852 1,087 1,903 1,092
351 338

42 8 38 8

298 55 244 48

122 96 120 97

Total.....couneriirirnneiinn 12,161 12,946

The figures in Table III do not include tire cord

- or tire fabrie. These are shown in Table IV, together
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with figures for 1950 which show that while the total
production has remained relatively constant, the type
of fiber used has shifted considerably.

The next step in the analysis of surfactant require-
ments is a breakdown of types of broad woven goods.
The distribution for cotton is shown in Table V.

TABLE IV

Production of Tire Cord and Fabric
(In millions of pounds)

1953 1952 1950

Cotton 78.2 139.0 226.0
Synthetic. 447.8 392.0 297.0
Total 521.0 531.0 523.0
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TABLE V TABLE VI
Cotton Broad Woven Goods Cotton Goods Bleached, Dyed, or Finished
(Millions of yards)
= Total Yard Million %\’ﬁllio&l
. 'ota. ardage Yards ounds
Type of Fabric Yardage Finished :
Bleached, white finished.........cccoous 3,380 990
(estimated) Prepared, dyed and finished.. “ 2,410 700
DucKu e 366 80 Prepared, printed and finished....... 1,740 500
Narrow sheeting.. 1,750 1,220 |
Print cloth yarn... 3,638 2,950 Total.ovreeiriasrnrrinns 7,530 2,190
Colored yarn fabrie. 827 310 7
}"Vide fab(;'ic. 667 190
ine goods... 1,113 1,660 3
Nopped fabri T oo In proceeding from t.hese ﬁgures to those of Table
Towelling. 428 420 VII, some of the more interesting parts must be con-
Other 427 460 . . . .
cealed. This includes estitmates of the weight per yard
TOtAL.evveeereveeeeessvarncrsecnness 9,515 7,530

Here again a simplification of the basie problem can
be made. By far the largest part of the surfactants
used goes into the production of fabrics that are
bleached, dyed, or finished. Data on the quantity of
fabric treated in these ways are published. The fig-
ures for cotton will be shown in Table VI. Through
combination of these figures with mill surveys it is
possible to estimate the quantity of fabrie of each
type which is so finished. These data are shown in
Table V also.

of each type of broad woven fabric and the subse-
quent calculations of the total weight of fabric pass-
ing through each process. These data were supplied
for this paper by private communication. From esti-
mates of the ratio of surfactants to fabric used in
each processing step it is then possible to calculate
the total quantity of surfactant used.

As an independent check, questionnaires were
submitted to many textile mills and textile supply
houses, inguiring into the products used and the ap-
proximate volume of use. It might be mentioned that
replies differed considerably, reflecting the wide vari-

TABLE VII
Cotton Processing
Volume
(millions of 1bs.)
£ _— .
Operation Properties Desired® s“’tf;:f,f{%“ s Soap S
and Sulf. | 28
Oils etics
@ N
= O 10| @ g . . g’n g)n
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218 Ei=a|« |3 ‘2 = g 20 80
Slg|Sieji= ¥ 8 @ z|-=|E18
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fn wlw S22 80 ;E .?,’ i 218 0E EIEIEIE o e
glg|elg 8518 5815|5502 2 ale . |=|S 858 8l H < &
Sl elele|elE|2lE|E|E|E|d 828|128\ 28|8 8|2 |8|uw|d
HEBEEIEREE I N R I I A AR A A N R
21281218128 818 2182l 28 218|2|53|35|2|2 5|53 ¢
18 8| ElglElg|lglg|B|lE|ldld|=lB|le g8|ls|8(s|8|8|2\=2|8|2° o
<8RR |E |2 R|a|glala|z|=z|C|@|a|a|k|R 2|2\ 2| e|e>|B|A
SPINNING Q Q Q (] X X ® ape,ps,aa,toe 0.1 0.4
WARP SIZING
Emulsifier ) X X ) X 80,se <01 |<0.1
Penetrant X X - X |®|® | AAS,s0 0.1 0.4
Softener X % ® ST,S0,8,se 18 < 0.1
DESIZING
Acid X|X @ @ X [® AAS,ape 0.4
Enzyme XX RI® APE AAS
SCOURING b & ] QIS ® Q Q S8,AAS,APE,s0,fas,88 0.3 0.5
BOILING X ® X RNIXI®
Kier AAS APE, go0,sas,fas 0.1 0.2
Open S,AAS,SES,APE sa,fas 0.2 0.5
BLEACHING ® X |X [ Q RIXI|I® APE AAS, fas,sa,ate
Chlorine 0.3
Peroxide 0.6
MERCERIZING ® X 23] XIQ Cresylic acid
DYEING &
PRINTING
Wetting out X IX X X |® DSS,AAS,sas,ape,ses 0.5
Dispersing ® ® X Y RVIV|R SES,FAFE,AAS,ape, 3.6
Leveling ® ® ® ® RX[® fas,sa,sa8,80
STRIPPING ® ® S X ® C, polyvinylpyrroli- 0.1
done, ape
SOAPING OFF ® X XI® X |X ® X FAS,APE, 8 aas,sa,88 0.2 0.8
FINISHING
Sanforizing X & X ® SES,so0 0.1 0.3
Toweling Q @ 1® | DSS,SAS 0.4
Softening [ ® S80,FES,C,sa,toe 8.0 2.0
Resin Treatments R I RUIXI® AAS, fas,ape 0.1
Approximate Totals.. 27 11.5

a More important properties are shown enecircled.

b In approximate order of use. Those in capitals are used in much greater volume than others.
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ation among mills performing the same operation.
There is as yet no ‘‘standard operating procedure.’’

Additional product and volume data were available
through a survey of approximately 209 (by produe-
tion volume) of cotton and synthetic finishing plants
prepared recently for American Aleolac by its con-
sultant, Luther B. Arnold.

These data for cotton are shown in Table VII. The
surfactants used in each application have been listed
in approximate order of volume of use. Those shown
in capital letters are used much more extensively
than those in lower case letters. To conserve space
an abbreviation has been used for each type of surf-
actant. The key to the abbreviations is given in
Table VIII. It should be noted that no attempt has
been made to break down the types of soap used
though there are almost as many different soaps as
there are synthetic surfactants.

All volume figures are given on an active-agent
basis. Those for soap and sulfonated oils are calen-
lated on the estimated equivalent of synthetic surf-
actant that would be used.

To assist the research chemist in preparing surf-
actants for textile applications the desired properties
for each process are also shown.

Among interesting items pointed up by Table VII
are the large number of different types of surfactants
used and the fact that softeners and lubricants far
exceed in volume the detergents and penetrants.

A similar analysis has been made for surfactants
used in wool processing. This is given in Table IX.

TABLE VIII
Surfactant Types
Class Name Typical Products Symbol
Anionic
OAP .o crsrrieesrmsnsnrraiorenssssoannsens S
Alkylarylsulfonates.. Nacconol, Nekal AAS
Fatty alcohol sulfates.. Duponol, Sipex FAS
Secondary alkyl sulfates Tergitol 08 SAS
Dialkyl sulfosuccinates.. Aerosol, Decersol DSS
Sulfonated amides....... Igepon SA
Petroleum sulfonates.. .«| Petronate PS
Sulfated ethers...... Triton X200 SET
Sulfated esters... Alcowet RS, Nopco 1285 SES
Sulfonated oils. SO
Sulfonated tallow..... ST
Sulfonated glycerides.............. SG
Nonionies
Alkylphenol ethers Triton X100, Igepal CO APE
Tall oil esters..... Renex, Sterox CD TOE
Fatty acid ester.. Energetic FES
Alkyl thioethers. Noniec 218 ATE
Alkylolamides....... Ninol, Alrosol AA
Polyoxyalkylene ether Pluronics PE
Fatty alcohol ethers. Brij FAE
Sorbitan esters Span SE
Cationic C

The symbols used here are the same as those used
previously.

While the data presented on cotton and wool can
at least be dignified by the term ‘‘estimates,”’ that
for the synthetics must be considered closer to edu-
cated guesses. Production figures for these fibers are
shown in Table X. The weights of the fibers have
been shown in Tables T and II.

The quantities of fiber passing through each proc-
essing application are not easily estimated from this
data for synthetics so that greater reliance was

TABLE IX
Wool Processing
Volume
Qurf {millions of 1bs.)
Process Desired Properties urfactants
TUused Soap & Syn-
Sulf. Oils | thetic
@ R
wl o3| o] &l . el
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SlElElEl&|aleielelE|g8iE|E |5 d|eleie|s(e(2|elE|3 ElnlE
HEHEIEIE R IR R IR IR I
21818 E|EE|&|8|&|5|8g gl2|E2|3|5 12 5|3|5|5|2 2|5 5 ¢
S| 2 |ElElE|lE| g|lg|s|lE(s|loi=lE(B8|s8lgi g 8128|1818 |=12|2 mlE
< AlA|AAIR|IB|B|E|A|3|B |2 |0 |B|la|k 2|nle| 2 |r|e| e ®|F> =
Raw wool scouring [ [ X ® X R ® | X ® S,APE aas,toe 0.7 1.2
Oiling [ QIR [ ® | X X PS,80,8G,ape 0.6 < 0.1
Backwashing ® ® ® X & 8,sa,ape 0.1 < 0.1
Yarn scouring Q ® ® X APE,S,AAS, toe 0.3 0.5
Carbonizing RIRI® X ® 39 R |®| AAS,ape,c,aa 0.25
Sizing v R ® <01
Desizing ) Q RIX|I® < 0.1
Cribbing ® ® ® SA,AAS 0.2
Piece scouring [ R X ® X & S,APE,aas,toe,sa,fae 0.5 0.7
Fulling X R X & ® 8,aa,sa,fas,ape >5.0 0.6
Bleaching [o%] & [ QIR APE sa,aas 0.1
Dyeing ® X X|I®|® ® RIX|® 2.3
Acid AAS,aa,fas,dss,C
Chrome FAE,aas,c
Other C,pe
Stripping [+ ® ® 0.1
Shrinkproofing 2] ® Q <0.1
Mothproofing ® Q ® ape < 0.1
Softening Q ® C,80 - 0.2 0.3
Approximate Totals......ocoverecrvccricriacenanennes >17.5 7.0




234

TABLE X
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Production of Synthetic Broad Woven PFabric
Millions of Linear Yards
(1952 Preliminary)

Rayon and Acetate

Operation l = e
| Rayon® | Acetater | Total
Bleached and white finished... [ 107 50 157
Dyed and finished...... . 1,066 490 1,556
Printed and finished.. 143 70 213
TORRL 01 eveecemrrerssnassssecasseesssccossnssaceses i ssbsseeess s issnenaen [ 1927
Operation Nylon Silk Other l Total
Bleached and white finished.. 61 2 6 226
Dyed and finished...... 15 21 1,788
Printed and finished.. 19 4 277
O " 36 1 51 | asg1

2 Division estimated from produection.

placed on extrapolated values obtained from selected

mills.

various operations.

ings such as ‘‘dyeing’’ or ‘‘scouring.’

Table XI shows the surfactants used in the

In several cases no estimate of
any kind could be made on the basis of the data
available in time for presentation of this paper.
Because of the limited data available it has been
necessary to offer it in the above form. It must be
emphasized however that there is a considerable vari-
ation in many of the processes grouped under head-

’

There are

several different types of equipment in use for such
operations, and often a surfactant superior in per-
formance in one type of equipment will not be the
choice for another.

Since an estimate of the quantities of each surf-
actant used in textile industry would undoubtedly
be of interest, an analysis is shown in Table XII.
It should be noted however that these figures are
guesses made from estimates and so may be consid-

erably in error.

One of the sticky problems encountered is that of
determining just what surfactants should be classed
as synthetic since all of them are conversion produets
and thus may be considered to be made synthetically.
In this survey the soaps, petrolenm sulfonates, and
sulfonated fats and oils were considered separately.

The totals for these products are probably less accu-
rate than those for the products more commonly con-
sidered synthetic surfactants.
petroleum sulfonates, and sulfonated fats and oils is°
estimated to be about 43 million 1bs., of which about

30 million lbs. are nsed as softeners.

As mentioned previously, surfactants in textile ap-
plications are still in a period of adjustment. There
is an almost constant displacement of one type of
product by another. Some stability exists however as
several surfactants won markets in the textile indus-
try by being there first. If they perform reasonably
well, they hold their market even if technically su-
perior or less expensive products are offered later.
Their position is further solidified by the fact that
the cost of evaluating a new surfactant properly is
expensive; one large mill estimates the cost at $200
per sample for laboratory testing only. With so many
surfactants to choose among, the possible benefits to
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The total for soaps,

TABLE XI

Processing of Synthetics

Surfac $ Vis- ce-
Process Desired Properties Suruget(imm ml:e ‘;\;t% Nylon | Other
- e e N i [, | i
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slElalalaialelslgi 8818 218 | 8le|a|2|2)e)2isiHl2 2ials
FIEIS|EIZ E IS5 82|02 Sl Eleleleleie|elel B ElTE %
2152|212 8|88 50824 22 2|2512/1212(5 5|25/ 8 3¢
|9 | 2|8 SR E|g| 28l 22X 818 2218 &8 13|z, @
AR |RIRIR A |RR|F|RAR|Z|% ||k |k |&|a|d|k|R\e|e|n, »>|F |~
Xanthation RS ] elx ® [ X|® 50 0.3 — — —
Anticratering X ® - 34 ® X C,ape,pe 0.8 —_— — —
Desulfuring XiI® B X 11 X AAS,sa,fas 1.0 — —_ —
Yarn lubrication | @ Q @] |® XWI X ® | 80,8ES,8,fae 3.5 4.0 — 0.1
Sizing '
Penetrant _ - X . )g X|® ape,aas < 0.1 < 0.1 — —
Softener [ ® | X & ST,S0 1.5 — — —
Emulsifier ® 1 ® fas,aas,ape —_— — | <0.1 < 0.1
Desizing R ® - ape <0.1 — — —
Bleaching X ® X ® AA <0.1 — — —
Boil-off | X X ® AAape <0.1 -— — —
Dyeing & Printing X R ® ® ®IX|® FAS,FAE ape,
R = ) aa,aa8,8a,pe 1.2 0.8 0.6 0.2
Soaping - L X X ® APE,SAFAS, 2.0 1.5 1.0 0.3
Delustering ® ® ® ® AAs
T o i 1 C.fae,fes <0.1 0.1 — —
Softening e
Permanent A %) ® C 0.5 0.3 0.2 0.1
Non-permanent | ® ‘ S0,8T 0.2 0.1 —_— —_
Anti-static ® | | x| | c — — | 02 —
Resin finishes - | f 1 ® | | ® C,aas,fas,ape 0.2 0.2 0.1 v.8
Soap, ete. .oviiiiriinnnenn. 12.8 7.8 2.4 0.5
Synthetics.........

Approximate Total.....
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TABLE XII

Surfactants Used in Textile Applications
(Millions of pounds of active agent)

Anionics

ALKYlarylsulfonates ...

Sulfated esters and ethers...

Fatty alcohol sulfates....

Sulfonated amides ......ccoccoivinniiiciniiiniinn,

Sulfosuccinates and secondary alkyl sulfates

Others .o.iiciiiiienirieciren e e e .
TOtal .oviiiiiiiiiniiciicic e 16.5

Nonionies
Alkylphenol ethers .....c....occiiiiiimiciienicin s eeeees
Fatty alcohol ethers...
Alkylolamides........cooecvrereennns
Tall oil and fatty acid esters.
Others ...occcoeirerniiecereesinnanna

TOtAL .eriiciiiiiiec it e 12.5
Cationies .ooiiiiiiieiiiiieciece e e e e e 4.0

ORNMNAS
oo

!

f=g ol S |
oo o

be obtained from a new product are worth less than
the cost of evaluating the surfactants. Nevertheless
extensive surfactant testing is being carried out in
many of the larger mills. Some of the factors which
will cause further shifts in the selection of surf-
actants are: the steadily decreasing price of the
nonionics, the inereasing proportion of fabric that
receives special finishing operations, the increase in
the production of nylon and other synthetics, the
decrease in the production of acetates, the displace-
ment of cotton by synthetic fibers in tire yarn, and
the displacement of kier boiling by the open boil-out.

Other definite trends are the rapid displacement
of soap by synthetics in scouring after dyeing and
printing, the displacement of sulfonated oils by cati-
onics in finishing, and the rapid increase of nonionie
usage.

There is one further point to be noted by research
chemists in preparing surfactants for the textile in-
dustry. Although this industry consumes very large
gquantities of chemicals, it is not primarily one of the
chemical processing industries. It is a mechaniecal
industry, concerned with the conversibn of materials
of one physical form to another. The chemicals are
used as auxiliaries to facilitate these mechanical op-
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erations. They may be used to lubricate the fiber to
make it spin better or to color the fabric to make it
more attractive or to coat the fabric to change its
handling properties, but the basic operations are still
mechanical. The investment in money and know-how
in these mechanical operations is tremendous. It does
no good therefore to develop a surfactant that is ex-
cellent under some theoretical set of conditions. The
surfactant is the tail of the dog. It must be designed
to work best under the conditions that exist.

Acknowledgment

The success of a paper of this type is largely de-
pendent on the assistance of associates to provide
the information. Special credit must be extended to
Luther B. Arnold of the Vikon Company and to
George Gantz of General Aniline and Film Company.
Several other private communications were also of
important help, including those with

Joseph Benischeck, Fred Whitaker Company, Philadelphia, Pa.
Wm. Bertholet, 3rd, Laurel Soap Company, Philadelphia, Pa.
Carl Blumenstein, Seydel-Wooley, Atlanta, Ga.

Wm. Ebersold, James Lees’ Sons, Bridgeport, Pa.

James Egee, Philadelphia Dye Works, Philadelphia, Pa.

H. Ehrhardt, Botany Mills, Passaic, N. J.

Wm. Healy, General Aniline and Film, New York, N, Y.

J. M. Hoerner, Armour and Company, Chicago, Ill.

J. M. Jester, Amalgamated Chemical, Philadelphia, Pa.
Lloyd Koons, Scholler Brothers, Philadelphia, Pa.

E. A. Leonard, Alexander Smith Ine., Yonkers, N. Y,
Harold Naidus, American Polymer, Peabody, Mass.

Joseph Oliver, Stodghill, Atlanta, Ga.

Dan Terry, Bon Ami, New York, N. Y.

G. E. Thurmond, American Enka, Asheville, N. C.

REFERENCES
Jelinek, C. F., and Mayhew, R. L., “Nonioni¢ Surfactants, Their
Chemistry and Uses,” Textile Research Journal, 765-78 (1954).
Daily News Record, Summary of Textile Production Data.

Speel, H. C., ‘“Textile Auxiliaries,”” Reinhold Publishing Company,
New York (1952).

Schwartz, A. M., and Perry, J. W., “Surface Active Agents.”” Infer-
science Publishers Inc., New York, 1949.

Borgbetty, H. C., “Surfactants in the Textile Industry.” American
Dyestuff Reporter, 43, No. 19, 623-T (1954).

[Reeeived October 19, 1954

Chemical Determination of Unsaturation of

Fats and Derivatives

DON S. BOLLEY, The Baker Castor Oil Company, Bayonne, New Jersey

chemical determination of unsaturation of fats

and derivatives. Special emphasis is placed on
recent studies and the current status. The determi-
nation of unsaturation of vegetable oils has been
studied for a very long time. The importance of un-
saturation in determining the characteristies of oils
and fats is well recognized. For example, vegetable
oils are sometimes characterized as nondrying when
the iodine value is below 120, semi-drying when be-
tween 120 and 160, and drying when above 160. Their
use and value depends to a large extent upon their
unsaturation.

The usual procedure for determining the degree of
unsaturation is to measure the amount of halogen that
may be added to the double bond. The chemistry in-
volved is very simple. Two halogens, not necessarily

THIS PAPER is a summary progress report on the

the same, attach themselves to the two carbons in-
volved in the unsaturation. These halogens may be
chlorine, bromine, or iodine. The general procedure
is to add an excess of the halogen and determine the
amount used by measuring the amount of halogen
left after the reaction. The trick is to arrange condi-
tions so that quantitative addition takes place without
the substitution for one of the hydrogens.

The degree of unsaturation is expressed as the
grams of iodine added to 100 g. of material, or the
equivalent centigrams of iodine per gram of sample.
This brings up one point of controversy among the
0il chemists. Should this eonstant be called iodine
value or iodine number? The older literature seems
to prefer iodine number while more recently iodine
value is obtaining wide usage. A.0.C.8. methods use
iodine value while American Society for Testing Ma-



