Soap and Detergents

The washing industry, usually known as the soap industry, has roots over 2000 years in the
past, a soap factory having been found in the Pompeii excavations. However, among the
many chernical process industries, none has experienced cucli w lundamental change in chem-
jcal raw materials as h.-ve the washing industries. It has Leen generally accepted that the per
capita use of toilet soap is a reliable guide to the standard of living for any country.

HISTORICAL. Soap itsell was never actually “discovered,” but instead gradually evolved
from crude mixtures of alkaline and fativ materials. Pliny the Elder described the manufac-
ture of toth hard and soft soap in the first century, but it was ot until the thirteenth century
that soap was produced in suffizient quantities to cal) it an industry. Up to the early 1800s
soap was believed to be a mechanical mixture offat and alkali; then Chevreul, 2 French
chemist, showed that soap formation“was actually a chemical reaction. Dormneier cumpleted
his research on the recovery of glycerin from saponification mixtures in this period Until
Leblance’s important discovery producing lower-priced sodium carbonate from sodium chlo-
ride, the alkali required was obtained by the crude lea-hing of wood ashes or from the evap-
oralion of naturally occurring alkaline waters, e g, the Nili: River.

The raw material shortages of World War [ led the Germans to develop “synthetic soaps™
ot detergents. These were composed of short-chain alkyl naphthalene sulfonates, which were
good wetting agents but only fair in detergent action. This sparked the interest werldwide in
developing detergents, and new developments are continning to the present time. From the
original short-chain come=unds the development has progressed throvgh long chain aicohol
sullates in the 1920s and 1830:, thivugh alhylarys long Chain sulfonates in the 19405, ta
branched chain compounds in the 1950 and 1960s. During the 19605 the requirement of
biodegradability became imporiant and cavsed the seturn o linear long chains, because only
the linear chains can be easily biodegraded.
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UsES AND ECONOMICS' In 1981 the iotal value of surfactsnt and soap shipments was
$10,701 million. Of this, the value of household soap shipments was about $1300 million and
for household detergent products, $4000 million. Oul of a total demand of 3200 kt, soap
represented 39 percent with 2 demand of 540 kt and detergents sccounted for 840 kt ™ Indus-

'U.S. Industrial Qutlook, 1982, LS Dept. of Commeree, Layman, Surfectants—A Mature
Masket with Potential, Chem. Eng. New: 80(2) 13 (1952). Mo et and von Hennig, Detergent
Activities, Scap Cosmet. Chem. Spec 5719 29 (1981 ); Picllisch, Stronger Than Dirt: The
Rattle of the Drtergent Chemicals, Cliein. Bus, June 20, L9581, p. 33

U = 1000 ky; kt = 107 kg,
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trial uses accounted for the difference Figure 2&';!1::]&;: Tihitﬁ 25.1 ad
replacement of de =rgents in the household market. _

L““dw prods:fli,btzilut magps. shampoos, dishwashing ptodu:ls, and C!Bﬂ“;‘iprodum ot
the chief household uses of these materials. Industrial uses include E!Eﬂn“;_ﬂar P'W:‘d-'-. Spe
cialty surfactants for hospital germicides, fabric conditioners. emulsi m‘: aidms. " p;: ﬂw
ing and wetting agents for agricultural chemicals, ;_ndl rubber pmﬁeﬁ; Etnj nlliﬁr
large use is for enhanced oil recovery from presently worked-out " il w

DETERGENTS®

Detergents differ from sozp in their action in hard waler. Soaps.rftﬂrm lnst}:ubb‘l: EﬂTi?nii
with the calcium and magnesium ions present in hard waler, Thes€ isOluses -} tlﬁ 1:n d
precipitate out and reduce foaming and cleaning action. Detergents lrrmg.r rtac!'w:l % _;-_' 3
water ions, but the resulting products are either soluble or reraii wslaadany dlsp‘.‘n.rnl i) tr.i
water Table 20 2 illustrates the diflerences between soaps ard detergents in composition and
manulacture Table 29 3 thews the consumption of surfactents in f,*r?tfr,:t#nfs i
Detergents have been divided ino four main groups. ..aruur.if_ cationic, ndofuor.-.::_lla:n:
amphotenc The largest group consists of the anioaics which are usuzlly the sedinm shs o

Seientifically. the term detergent covers buth so2p and symh-;tir.'ldelerg.cnis.‘ or “syndels, =
ot 1116 widely used to indivsie synthetic cieamng compounds. 25 distinguished frora soap |
v so wsed 1 this book. The U.S. Tarif Commission yeports on d.t.:i.cr.'g‘ems urfder the. nm_’ur
cur{ace-sctive agenis of surizetants under the broader class ol synibetic urganic chemicals
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74tz 26,1 Froduction and Sales of Soaps and

Surfactants
Saap Surfactants Total
10%% kt 1073 kt 10° k

1040 313 1455 7 13 320 1468
1945 - 527 1717 35 - 68 _ 562 1785
1950 540 1308 294 655 8194 1863
1960 376 558 953 1789 1329 a4y
1970 427 567 1379 2565 1806 1112

50 1080 545 B430 2665, 9460 3208 e

wuace  CP1 4 chap 20. US Industrial Outlogk, 1952, US Dept
of Commerce

an organic sullate or sulfonate. Detergents can be formuiat - produce & presduct of the
desired characteristics ranging from marimum cleaning power, maximnum cleaning /onil of
cost. to meximum biodegradability. Usually commercicl products are a coinpionize of the
vericus cesirable properties.

Soil removal is accomplished by welting, emulsifying, disps +ing, and/or s hing the
swil by the cleaning agent Detergeni molecules can aggregale 1 water inio sphic “cai « isters
called_micelles. The hydrocarban parts of the molecules gather togather ai the iirte of the
micelle znd the polar groups are on (he outside. Oil-saluble water-insoluble compuinde, such
as dyes, are often dissolved into the cener of the micalle 2ttractes by the hvdrocasion sroups
Tais process is known as solubilization

Drtergents and sosps have waler-sliracting thydrophilic) groupe on ore end of the mole-
culs and water-repelling (hydrophobic) groups on the olher Thee special progertios ar= used
in soil rernoval.

During the 1960 and 1970s, the composition of deterg=nic underwent tzpid changes
because of environmental considerations.® Evidence indicated that phe phates f+om deter-

"McCraw-Hill Encyclopedia of Scietice and Technologu, 5t ed | val 12 MeGia-Hill,
News Vork, 1962, p. 485
‘For Detergent Producers, the Question Is Which? Clom. Week 129 (4) 44 {)050;

Table 29.5 Detergent Consumption of

Tabie 29.2 Scaps and Delergents ' Surfactants (in metric kilotons!
To Make Synthetic Detergents . Powders  Liguids
Alkylbenzene + oleum — alkylbenzene sullonate -
Tallow fatty alcohal + oleum — [atty alechol sullate Anionies
Sullonate + sullate + NaOH == sodium salls Alkvltenzene sulfonate | 148 453
Sodivm salts 4+ builders, ete. ~ detergents Meshal ethesy sullfates 45 Small
Alenhal salizg= o --
To Make Soap
Tallow -+ hydrolysis (splitting fats}) — tallow lanty zeid ~ Nonionis
Tallow fatty acid + NaOH — sodium salt of f2ity zeid Aleobnl ethorviates £ 41
Sl nf fatty acid + builder, etc. = zoap Alkyl phero! cthemylates 3 5
e Amines, ariic e oxmdes 5 5
souvnty Ceer Moeek 127 13
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Ctribuie te the eutrophication of lakes, so the use o phosphates in detergents
genks may CO e arras of the country. Many diferent sutstitutes were formulated into
s bﬂnm:dbml SS-OO?TLE -o[ thc:‘.c; were found to be unsafe and were then banned. The position
detergeﬂui] l:i tercent industry has been that phosphates in wastewater can be removed by
takC? L t 1;1 sevage plants and, in view of the proved lack of toxicity of phasphiates

'1111 “]e“ct:::m m;}, not be the most desirable solution. The wap and detergent industry
their T€pa liers f:ce an enormous task in testing new materials for all possible effects on the
its SupP tensive research will be needed before this complex problein can e
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