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 بسم هللا لرحمن الرحیم
اال قلیالوما اوتیتم من العلم   

 صدق هللا العلي العظیم
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 اھداء
 ال من دنا فتدلى فكان قاب قوسین او ادنى .... محمد المصطفى (ص)

 الى فخر الورى ... موالنا علي المرتضى (ع)
 الى ابنة خدیجة الكبرى .... موالتنا فاطمة الزھراء (ع)

المجتبى (ع) الى المسموم عدوانا وضلما .... سیدنا الحسن  
 الى المذبوح من القفى ... سیدنا ابي عبد هللا (ع)

الى من یمال االرض عدال بعدما ملئت ضلما وجورا ... حبیبنا المھدي 
 المرتجى (عج)

 نھدي لكم جھدنا ھذا
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 شكر وتقدیر

 كن عالما فان لم تستطع فكن متعلما فان لم تستطع فاحب العلماء فان لم
 تستطع فال تبغضھم

نشكر كل من ساعد في اتمام ھذا البحث وقدم لنا العون ومد لنا ید المساعدة 
 وزودنا بالمعلومات الالزمة التمام البحث ونخص بالذكر

 الدكتور صالح عبد الجبار الشمري
ونتقدم بالشكر الجزیل الى كل من كان لنا عونا في بحثنا ھذا وقدموا لنا ید 

تسھیالت وافكار ومعلومات ربما لم یشعرو بدورھم بذلك فلھم المساعدة من 
 منا كل الشكر والتقدیر

 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



FOCUS ON LANOLIN 
The history of “wool wax” dates back several thousand years to the ancient  Greeks, who were 
the first to recognize that water in which wool had been washed contain a valuable oilated 
substance. That substance, wool wax, derived from the sebaceous glands of sheep was found 
to be an outstanding emollient. It was referred to by several names including Hyssopus, 
Oesypumand the most common form Oesypus. Over time, refining methods for “purifying ” 
lanolin were developed. Early on, the extraction process of wool wax was simply a version of 
the modern foam flotation process. The wool washings were poured from a height into a 
receptacle, so that the wool wax formed as a froth-foam that could then be skimmed off and  
allowed to collapse, separating the wool wax to the surface. Technical advancements included 
acid cracking, which destabilized and separated the wax into a lower sludge state that could 
be filtered, and a method based on the addition of metals in the trivalent state to cause wax  
coagulation. Finally, it was the centrifugalseparator that brought the extraction procedure 
into the new millennium, which has remained the preferred modern method of extraction. 

 
HOW IT IS USED 
Lanolin is routinely found in a widerange of products from metal lubricantsand rust 
preventers to skincare emollient, wound care products and a vehiclefor topical therapeutics 
has lead to lanolin making the "A-List"This for top allergens 

 
 
SENSITIZATION AND TESTING 
Lanolin continues to be a significantsensitizer. Specifically, there is a highprevalence of 
delayed-typed hypersensitivityto lanolin in patch tested pediatric population. 
 Also, there are a numberof factors, which can affect the ability to properly gauge the 
frequency ofsensitization. One factor is that lanolinis a bio-product whose lipid composition 
may vary based on the origin of the product; for example, the of sheep and their habitat. 
Furthermore, several typelanolin derivatives exist which furtherconfound the difficulty in 
identifyingthe responsible componentFalse negative reactions may occur on intact skin. Both 
contribute to what isknown as the ‘lanolin paradox.Notably,  Matizet al reported 2 patients 
who had negative reactions to thecommercially prepared lanolin preparations::one to Thin-
layer Rapid Use 
Epicutaneous (Allerderm; Phoenix;AZ)،and one to Allergeaze (Calgary ،AB, Canada), but 
positive reactions tothe lanolin 30% in petrolatum attained 
from Beiersdorf, in addition to the patient's own AHO product testing with the patient's own 
products ،the same time as patch testing lanolin،at 30 cm in petrolatum and amerchol L101 50 
may be necessary to rule out lanolin  %petrolatum  
Causation of ACD.Furthermore, Miest et al discuss the fact that “the exact frequency of 
adverse reaction  to lanolin in the general population is difficult to assess because most 
individuals with such reactions simply discontinue use of the suspected trigger and seldom 
consult physicians . In addition, proponents of lanolin as a relevant allergen suspect that 
contact allergy to lanolin is under-diagnosed because clinicians are not testing with 
the appropriate type or number of lanoline derivatives. 
 
 
 
 
 
 
 
 



 
LANOLIN PARADOX:: 
Adapted from Fisher’s ‘paraben paradox,’ the lanolin paradox describes 4 characteristics of 
lanolin that contribute to the difficulty in determining its relevance as an allergen. First, 
lanolin-containing topical medicaments tend to be more sensitizing than lanolin containing 
cosmetics. Second, patients with ACD after applying lanolin-containing topical medicaments 
to damaged or ulcerated skin often can apply lanolin-containing cosmetics to normal or 
unaffected skin without difficulty. Third, false negative patch test results often occur in 
lanolin sensitive patients. Fourth, patch testing with a single lanolin containing agent (lanolin 
alcohol [30% in petrolatum]) is an unreliable and inadequate method of detecting lanolin 
allergy 
 
Lanolin is routinely found in a wide range of products from metal lubricants and rust 
preventers to skincare Emollient,wound care products and a vehicle for topical therapeutics. 
This has lead to lanolin making  the “A-List” for top allergens 

 

COMPOSITION 

A typical high purity grade of lanolin is composed predominantly of long chain waxy esters 
(approximately 97% by weight) the remainder being lanolin alcohols, lanolin acids and 
lanolin hydrocarbons. 

An estimated 8,000 to 20,000 different types of lanolin esters are present in lanolin, resulting 
from combinations between the 200 or so different lanolin acids and the 100 or so different 
lanolin alcohols identified so far. 

Lanolin’s complex composition of long chain esters, hydroxy esters, diesters, lanolin alcohols, 
and lanolin acids means in addition to it being a valuable product in its own right, it is also the 
starting point for the production of a whole spectrum of lanolin derivatives, which possess 
wide-ranging chemical and physical properties. The main derivatisation routes include 
hydrolysis, fractional solvent crystallisation, esterification, hydrogenation, and alkoxylation[4] 
and quaternisation.[1][2][5] Lanolin derivatives obtained from these processes are used 
widely in both high-value cosmetics and skin treatment products. 

Hydrolysis of lanolin yields lanolin alcohols and lanolin acids. Lanolin alcohols are a rich 
source of cholesterol(an important skin lipid) and are powerful water-in-oil emulsifiers; they 
have been used extensively in skin care products for over 100 years.[1] Notably, 
approximately 40% of the acids derived from lanolin are alpha hydroxy acids (AHAs).[1][2] 
The use of AHAs in skin care products has attracted a great deal of attention in recent years. 
Details of the AHA’s isolated from lanolin can be seen in the table below. 

MODERN DEVELOPMENTS 

In addition to general purity requirements, lanolin must meet official requirements for the 
permissible levels of pesticide residues. The Fifth Supplement of the United States 
Pharmacopoeia XXII published in 1992 was the first to specify limits for 34 named pesticides. 
A total limit of 40 ppm (or mg/kg) total pesticides was stipulated for lanolin of general use, 
with no individual limit greater than 10 ppm. 

A second monograph also introduced into the US Pharmacopoeia XXII in 1992 was entitled 
‘Modified Lanolin.’ Lanolin conforming to this monograph is intended for use in more 



exacting applications, for example on open wounds. In this monograph, the limit of total 
pesticides was reduced to 3 ppm total pesticides, with no individual limit greater than 1 ppm. 

In 2000, the European Pharmacopoeia introduced pesticide residue limits into its lanolin 
monograph. This requirement, which is generally regarded as the new quality standard, 
extends the list of pesticides to 40 and imposes even lower concentration limits. 

Some very high purity grades of lanolin surpass monograph requirements. New products 
obtained using complex purification techniques produce lanolin esters in their natural state, 
removing oxidative and environmental impurities resulting in white, odourless, 
hypoallergenic lanolin. These ultra-high purity grades of lanolin are ideally suited to the 
treatment of dermatological disorders such as eczema and on open wounds. 

Lanolin attracted attention owing to a misunderstanding concerning its sensitising 
potential.[7] A study carried out at New York University Hospital in the early 1950s had 
shown about 1% of patients with dermatological disorders were allergic to the lanolin being 
used at that time. However, this figure was misinterpreted and taken out of context and 
became quoted as 1% of the general healthy (American) population. By one estimate, this 
simple misunderstanding of failing to differentiate between the general healthy population 
and patients with dermatological disorders exaggerates the sensitising potential of lanolin by 
5,000–6,000 times 

The European Cosmetics Directive, introduced in July 1976, contained a stipulation that 
cosmetics which contained lanolin should be labelled to that effect. This ruling was challenged 
immediately, and in the early 1980s, it was overturned and removed from the directive. 
Despite only being in force for a short period of time, this ruling did harm both to the lanolin 
industry and to the reputation of lanolin in general. The Cosmetics Directive ruling only 
applied to the presence of lanolin in cosmetic products; it did not apply to the many hundreds 
of its different uses in dermatological products designed for the treatment of compromised 
skin conditions. 

Modern analytical methods have revealed lanolin possesses a number of important chemical 
and physical similarities to human stratum corneum lipids; the lipids which help regulate the 
rate of transepidermal water loss and govern the hydration state of the skin 

Cryogenic scanning electron microscopy has shown that lanolin, like human stratum corneum 
lipids, consists of a mass of liquid crystalline material. Cross-polarised light microscopy has 
shown the multilamellar vesicles formed by lanolin are identical to those formed by human 
stratum corneum lipids. The incorporation of bound water into the stratum corneum involves 
the formation of multilamellar vesicles. 

Skin bioengineering studies have shown the durational effect of the emollient (skin smoothing) 
action produced by lanolin is very significant and lasts for many hours. Lanolin applied to the 
skin at 2mg/cm2 has been shown to reduce roughness by about 35% after one hour and 50% 
after two hours, with the overall effect lasting for considerably more than eight hours. 
Lanolin is also known to form semiocclusive (breathable) films on the skin.[2] When applied 
daily at around 4mg/cm2 for five consecutive days, the positive moisturising effects of lanolin 
were detectable until 72 hours after final application.[1] Lanolin may achieve some of its 
moisturising effects by forming a secondary moisture reservoir within the skin. 

The barrier repair properties of lanolin have been reported to be superior to those produced 
by both petrolatum and glycerin.[1] In a small clinical study conducted on volunteer subjects 
with terribly dry (xerotic) hands, lanolin was shown to be superior to petrolatum in reducing 
the signs and symptoms of dryness and scaling, cracks and abrasions, and pain and itch. In 



another study, a high purity grade of lanolin was found to be significantly superior to 
petrolatum in assisting the healing of superficial wounds 

 

PRODUCTION 

Crude lanolin constitutes about 5–25%of the weight of freshly shorn wool. The wool from one Merino 
sheep will produce about 250–300ml of recoverable wool grease. Lanolin is extracted by washing the 
wool in hot water with a special wool scouring detergent to remove dirt, wool grease (crude lanolin), 
suint (sweat salts), and anything else stuck to the wool. The wool grease is continuously removed 
during this washing process by centrifuge separators, which concentrate it into a wax-like substance 
melting at approximately 38°C (100°F). 

 

CONSTITUENTS 

Wool fat consists chiefly of cholesteryl and iso-cholesteryl alcohols combined with lanoceric, 
lanopalmitic, carnaubic, myristic, a little oleic, and possibly also palmitic and cerotic acids. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Lanolin and Its Derivatives 
ABSTRACT 

Lanolin, which is extensively used in pharmaceuticals and cosmetics, is generally 
considered  to consist of a mixture of naturally formed esters derived from higher alcohols 
and higher fatty acids. This paper encompasses the chemical description of lanolin; the 
composition of its esters, acids, and alcohols; the chemical and physical modifications 
of lanolin; the refining of lanolin; and some of its applications in pharmaceutical and 
cosmetic formulations. Some new developments in lanolin chemistry will also be 
highlighted. 

 

PREPARATION OF LANOLIN 
Lanolin is derived from wool grease which is the “fat¬like” substances exuded by the 

sebaceous glands of sheep. This natural lubricant protects the wool of the sheep from the effects 
of weathering (sun, wind, rain, etc.) and consti¬tutes from 10-25% of the weight of the 
sheared greasy wool. The wool also contains substantial quantities of soil, salts, water, and 
foreign organic matter. 

Basically, three methods are in use to recover wool grease from the raw wool. In the 
solvent extraction meth¬ od, the grease is leeched out by percolating a suitable sol¬vent through 
the raw wool and subsequently evaporating the solvent. The other two methods involve the 
scouring of the wool with soap and alkali and recovering the wool grease by either 
centrifuging or “acid cracking.” 

Wool grease, sometimes referred to as degras, must be purified, alkali refined, bleached, and 
deodorized to conform to the requirements for lanolin in the “U.S. Pharmacopoeia” (1). 
Allowable impurities in anhydrous lanolin sold in conformity with the maximum U.S.P. 
specifications are as follows: 0.56% free fatty acid (as oleic), 0.25% moisture, 0.1% ash, and a 
trace of chloride. There should be none of the following present: free alkali, ammonia, 
glycerine, petrolatum, or soluble oxidizable impurities. A good lanolin, however, will usually 
test better than U.S.P. specifications. 

 

CHEMICAL COMPOSITION OF LANOLIN 
Lanolin is an amber-yellow, tenaceous, unctuous mass, with pronounced emollient (or 

soothing) properties and slight, characteristic odor. Although it appears to be a fat or a grease, 
chemically lanolin is classified as a wax. It melts at 36 C to 42 C, is insoluble in water, but 
mixes without separation with twice its weight of water, sparingly soluble in cold alcohol, more 
soluble in hot alcohol, and freely soluble in ether and chlor¬oform. 

Chemically, lanolin consists of a complex mixture of esters and polyesters of high 
molecular weight alcohols and fatty acids. Approximately 4% of lanolin is a mixture of free 
alcohols, and the remaining portion consists of traces of free acids and hydrocarbons. 

Though there are many literature references pertaining to lanolin and its component parts, 
no conclusions were found that identify the individual esters which exist in lano¬lin. 

Upon saponification of the lanolin esters with alcoholic alkali, the alkaline soaps of lanolin 
acids are separated from 
 

the unsaponifiable portion containing the lanolin alcohols. The resultant mixture is composed of 
ca. 50% acids and 50% alcohols by weight. Individual components can then be identified in the acid 
and alcohol fractions. 

The various acids have been identified by one researcher 
(2) who breaks the thirty or so individual acids into four groups — normal, hydroxy, iso, and 
anteiso acids. Because lanolin is a natural product, the percentages of the constitu¬ents vary 
considerably. Hydroxy acid content of lanolin fatty acids have been reported to be as low as 5% 
and as high as 40-45% of the total acids. This fraction of the acids is very important in 
understanding the chemistry of lanolin as the free hydroxyl group allows for the formation of 
polyesters as well as many of the other chemical modifications of lanolin which are covered below. 

The alcohol fraction of lanolin has been investigated (3) and shown to be composed mostly of 
monohydric alcohols with a small portion of dihydric alcohols which also lend to the formation of 
polyesters in whole lanolin. The largest portion of the alcohol fraction consists of sterols with 
cholesterol being the dominant entity. 

Lanolin has strong emulsifying and penetrating properties and because of these, blends and 
combines well with practically all other materials used in cosmetics and pharmaceuticals. In 
addition to its water-binding and emulsifying qualities, it owes its importance in pharmaceuticals 
and  cosmetics to the ease with which it is absorbed onto human skin and hair. Its adhesive and 
tackifying properties make it as excellent candidate for use as a plasticizer in adhesives  
and resins. 

Uses of lanolin can be divided into two areas — (a) der¬matological and cosmetic, and (b) 
industrial. 

Industrially, lanolin is used as a lubricant and rust pre¬ ventative. It can be found in leather-
treating processes, fabric treatment, and as an ingredient in printing inks. 

In the form of crude wool wax, the uses of lanolin in the field of dermatology and cosmetics 
probably go back beyond the dawn of recorded history. Evidence (4) has been found of the use of 
wool wax by the early Egyptians as an important ingredient in their beauty aids, ointments, salves, 



lotions, and the like. Modern doctors, dermatologists, and cosmetic scientists have long been 
familiar with the unusual cleansing, soothing, and lubricating values of lanolin. Because of these 
properties, lanolin’s uses in the dermatology field include the following: as a base (or vehicle) in 
the  
formulation of ointments, salves, creams, lotions, etc.; in adhesives bandages, surgical dressings,' 
anti-dermatitis preparations. 

In the cosmetic field, specific uses for lanolin include absorption bases, hair lotion, hand 
creams, cold creams, makeup, nail polish removers, lipsticks, deodorants, anti-perspirants, after-
shave preparations, and many others. 

 
 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

LANOLIN DERIVATIVES Physical Modifications
 

As the consumer became more sophisticated, improvements such as attractive appearance, 
pleasant feel, and appealing odor were expected. Tackiness, poor spreadability, malodor, and poor 
color were some of the deficiencies of lanolin that were corrected by making derivatives. 

As lanolin technology evolved and a better understanding was gathered about the chemistry of 
lanolin, it was discovered that the properties of lanolin could be altered  
 

through various chemical and physical processes.  
 Solvent fractionation of lanolin via vacuum distillation and solvent crystallization separates 
lanolin into liquid lanolin and lanolin wax (5). Liquid lanolin has less drag and tackiness, but 
retains the emollient properties of lanolin.Liquid lanolin is soluble in mineral oil, while U.S.P. 
lanolin is not. It has a high spreading coefficient, making it useful in bath oils. It also improves 
drug release and penetration, and acts as a skin moisturizer, plasticizer, and pigment dispersant. 
Liquid lanolin is nonirritating or sensitizing, and is virtually odorless and tasteless. 

Modern cosmetics employ the attributes of liquid lanolin in creams, lotions, bath products, 
makup, and such. Basical¬ly, it finds its use for any application in which whole lano¬lin would 
be used, but where a less-tacky, more emollient feel or better oil solubility is desirous. 

Lanolin wax is a better w/o emulsifier than lanolin and isused extensively as a bodying agent 
and emulsifier. Lanolin wax has been shown to improve the homogeneity of wax  
mixtures and creams. Like its liquid counterpart, it is non¬irritating or sensitizing and virtually 
odorless and tasteless. Being wax-like in nature, and possessing the adhering properties of 
lanolin, lanolin wax is finding its greatest uses in the preparation of modern lipsticks and lip 
glossers where it plays an important role in keeping the pigments, lakes, and dyes on the lips. 

Chemical Modifications 
Both the liquid and wax portions of lanolin, as well as lanolin itself, can be further modified 

to produce a wide variety of properties. (A summary is shown in Through these modifications, 
which will be described below in more detail, the main goal is to improve one or more of the 
attributes of lanolin while eliminating one or more of its disadvantages. In this way, a 
particular derivative will suit a particular application better than the whole lanolin  
would, or it can provide the means for the employment of the beneficial properties of lanolin in 
an application where previously  (because of solubility, odor, or other reasons) one could not use 
lanolin. 

 

HYDROGENATION 
Hydrogenation of lanolin improves its stability and increases water absorption and mineral 

oil solubility. The hydrogenation of lanolin is not merely a saturation of double bonds, but the 
reaction carries on well beyond this point. There are practically no esters in hydrogenated lanolin, 
as is indicated by the decrease in saponification value from 95 to to approximately 3 to 4. The 
esters of lanolin are split into acids and alcohols, fatty acids are converted to alcohols, and a 
portion of the alcohols are further reduced to simple hydrocarbons. Although the 
exactcomposition of hydrogenated lanolin is not known, the presence of a high hydroxyl value 
indicates a large percentage of hydrogenated free alcohols, sterols, and small quantities 
ofhydrocarbon. Hydrogenated lanolin retains the adhering and emollient properties of lanolin 
without the tackiness, color, odor, and taste of whole lanolin. It is employed in lip products, del¬ 
icately scented preparations, and emulsion formulas because its increased hydrophilic nature 
contributes to the stability of creams and lotions. 

 

ACETYLATION 
When lanolin is reacted with acetic anhydride, the hydroxyl groups on the hydroxy esters 

are capped with an acetate linkage, as is shown in Figure 2. The acetylated lanolin becomes 
more hydrophobic as is indicated by its failure to form w/o emulsions and its solubility in 
cold mineral oil. Lanolin treated in this manner has a higher ester content and a slightly lower 
melting point. Functionally, acetylated lanolin is useful in forming water resistant films for 
applications in sunscreen preparations or baby products. Even in the usual hand and body creams, 
the water resistant film of acetylated lanolin is useful to slow down transept 

 
 
 
 
 
 
 
 



 

UNITED STATES PATENT OFFICE.  
Be it known that I, William C. Bkoad-gate, a subject of George V, King of Great Britain, residing at 

New Haven, in the  
county of New Haven and State of Connec¬ 

ticut, have invented a new and improved Method and Process of Making Lanolin, of which the following 
is a specification.This invention relates to a new and improved method and process of making 
lano¬lin, having for its object, among other things, to extract the same from wool grease, a commercial 
product extracted from the waters in which raw wool is washed, by means more economical than any 
heretoforeused, economical in that the cost of production is less and the volume of lanolin procured from 
a given quantity of wool grease materially increased. A further object be-ing to reclaim so much of the 
residue as iseconomically possible, this reclaimed residue being a marketable grease.In the practice of my 
improved method and process, the wool grease is placed in asuitable container or tank to which heat is 
applied. The means of applying this heatis not material to this invention, but I find in practice that a very 
good means of accomplishing this end is to arrange a tank inclose proximity to steam coils, radiators ora 
steam injector. The wool grease within the tank is then diluted with water sufficient in quantity to reduce 
it to a consistency that will admit of its being easily and thoroughlystirred, either manually or by 
mechanicalmeans. Within the container the tempera¬ture of the wool grease is then raised to a point that 
will produce a thin, even mixture, say at a temperature from 80° to 100° centi-grade, at which time a 
proper predetermined quantity ox bleaching, agent, such as sodium peroxid (Na202) mixed with a small 
quantity of water, is introduced into the heated grease. The quantity of bleaching agent tobe used is 
dependent upon the color of thewool grease. The whole mass is now agitated thoroughly thereby 
allowing the bleaching agent to act evenly throughout and producing a homogeneous mixture.This 
agitation may be accomplished byeither mechanical or manual means, but in any case it is preferable 
that the liquid be caused to continuously circulate. After this agitation, the mixture is allowed to stan for 
the purpose of permitting the bleachingagent to act upon the mass and change the same to the 
propcolor, the standing period depending largely upon the quality and color of the original wool 
grease. Subse quently, water is added and the entire mass  is again heated to a point as near the boiling 
point as possible, say 95° to 100° centigrade, and at this temperature is permitted to run through a 
centrifugal separating machine. 

The water and impurities together, cossisting mainly of uncombined sodium hy-droxicl resulting 
from the combination of the sodium peroxid and water, and a sodium soap solution, formed by the 
action of the sodium hydroxid upon the grease, are sep- arated from the mass the remainder of 
which is the commercial lanolin. If the re¬sulting lanolin is too thin for a commer¬cial product, or for 
its desired use, it may be rerun through a centrifugal machine ad-justed for a different gravity to 
thicken it by separating therefrom some of the water that had not been eliminated in the first op¬eration. 
If this operation is repeated it is desirable that the lanolin should be again mixed with water and 
heated so as to facili¬tate the action of the centrifugal machine thereon. The water that contains the 
im¬purities after leaving the centrifugal machine is conveyed to a perforated or network  container 
filled with niter cake, suspended over a tank or sump, part of this niter cake going into solution. 
Another method of combining the water impurities with niter  cake is to make a solution of the niter 
cake by dissolving it in water and adding directly to the water and impurities discharged from the 
centrifugal machine. In either case the resultant is permitted to stand for a com¬paratively short time 
and then the sodium  soap is broken down and free grease rises to the surface of the tank or sump. This 
water and grease is run through a centrifugal sep¬arating machine, separating the grease from the residue, 
which grease is adapted for soap making.The mechanical means other than their se¬quence in which used 
in this process consti¬tutes no part of my invention, as any one of   my devices is adaptable for use in 
connec-tion therewith.The specific application of this invention, say to a treatment of five hundred 
pounds of wool grease, is substantially as follows:  
 

First, take four or five times this quantity, or about three hundred gallons, of hot water and place it in a 
tank and if the wool grease is of average .medium color, add about 50 grains of sodium peroxid for each 
pound ofgrease. In practice, it is well also to intro¬duce about twenty-five grains of sodium hydroxid for 
each pound of wool grease. This latter will aid the action of the sodium per¬oxid, but is not an absolute 
necessity. Now,the unrefined wool grease, which has beenpreviously heated, is placed in the tank with the 
water and the sodium peroxid, and sodium hydroxid, if used, the temperature of the mass being from 
80° to 100° centi-grade.   

The contents of this tank arethoroughly and evenly agitated and should stand for about twenty-
four hours. After it has stood for the full period the contents of the tank are heated to a temperature of 

 
about 95° to 100° centigrade, and if it needsthinning, water may be added. In its heated condition the 
contents of this tank are then run through the centrifugal machine, and if necessary to prevent the chilling 
of thegrease in the cold machine a little hot wateris first run through it. Further, an easier separation in 
the centrifugal machine is ob¬tained by adding at this point a small quan¬tity, say one per cent., of sodium 
chlorid.From the centrifugal machine the lanolinruns through a continuous heating device which supplies 
the heat lost during the cen¬ trifugal operation and is conducted to the f ilter as near to 100° centigrade 
as is pos-sible, and the material that passes throughthe filter is the product commercially known as 
anhydrous lanolin. This anhydrous lan¬olin may,.if desired, be converted into hy¬drous lanolin by the 
process of kneadingmechanically in the presence of cold water,the. same being absorbed by the lanolin. 
This latter process of kneading is in spirit substantially the same as shown in the pat¬ 



 
What I claim as new and desire to secure by Letters Patent, is:— 
 
1. A method or process of making lano lin from wool grease, wherein the wool grease is heated to 

a point that will produce a thin even mixture and adding thereto a quantity of alkali metal peroxid, as a 
bleaching agent, after which the whole mass is agi¬tated to permit the bleaching agent to mix  evenly 
throughout, allowing the mass to stand until said bleaching agent has entirely bleached the same and 
then by centrifugal means separating the lanolin from the re mainder of the mass.   

 
2. A method or process of making lano¬lin from wool grease, wherein the wool grease is heated 

to a temperature from 80°to 100° centigrade, adding thereto alkali metal, peroxid, as a bleaching agent, 
agitat- ing these, combined materials, and then per¬mitting them to stand until the bleaching agent has 
entirely bleached the same, then, after adding water, by centrifugal means separating the lanolin 
from the remainder of the mass. 

 
3. A method or process of making lanolin from wool grease, wherein the wool grease is heated to a 

temperature from 80° to 100°centigrade, adding thereto alkali metal per-oxid, as a bleaching agent, 
agitating these combined materials, and, then permitting them to stand until the bleaching agent has  
entirely bleached the same, then reheating the mass and while so heated by centrifugalmeans, separating 
the lanolin from the re mainder of the mass. 

In testimony whereof I have hereunto affixed my signature. 
 

 

How to Extract Lanolin from Sheep's Wool 
Sheep's wool contains lanolin as a form of protection against nature and insects. Human use 
of lanolin is as old as the use of wool. Extracting it is easy to do at home and is a great way to 
get lanolin that is pure, free of industrial chemicals and ready for use in homemade products. 
STEPS 

 

 

  

1-OBTAIN RAW WOOL PIECES OR FLEECE THAT HAS NOT BEEN WASHED. RAW 
WOOL OR FLEECE CAN BE PURCHASED DIRECT FROM A SHEEP FARM, OR, IF YOU 
HAVE YOUR OWN SHEEP, USE YOUR OWN FLEECE 

 



 

 

2-FILL A POT WITH WATER UNTIL FULL. THE POT SHOULD BE LARGE ENOUGH TO 
CONTAIN ALL THE WOOL. IT MIGHT BE EASIER TO DO THIS OUTDOORS OVER AN 
OPEN FIRE IF YOU HAVE A LARGE AMOUNT OF FLEECE 

 

 

 

3-PUT THE RAW WOOL INTO THE PAN OR POT. PUSH THE WOOL INTO THE WATER 
GENTLY. PIECES OF WOOL CAN BE PLACED IN MESH LAUNDRY BAGS TO PREVENT 
THEM FROM BREAKING APART. 



 

 

  

 

 



 

4-ADD 1 - 3 TABLESPOONS OF SALT TO THE WATER. 

 

 

 

 

 

 



 

 

5-BRING THE WATER TO BOIL. KEEP THE WOOL BOILING OVER A PERIOD OF 
SEVERAL HOURS. DURING THIS TIME, KEEP AN EYE ON THE BOILING WATER AND 
ADD MORE WATER AS IT EVAPORATES OFF. DO NOT LEAVE UNATTENDED AS THE 
WATER COULD BOIL OFF AND BURN THE WOO 

 

 

 

 

 

 

 

 



6-CLEAN AND WATERPROOF AN AREA TO PLACE THE WOOL.

 

 

 

 

 

 

 

 

 



REMOVE THE WOOL FROM THE BOILING WATER. DO THIS USING A PAIR OF TONGS 
OR LARGE SLOTTED SPOONS.

 

 

 

 

 

 



 

8-KEEP THE WATER BOILING UNTIL ALL THE WATER EVAPORATES OFF. THE 
REMAINING SUBSTANCE IS LANOLIN 

 

 

 

 

 

 

 



 

9-POUR THE LANOLIN THROUGH A CHEESECLOTH. THIS WILL REMOVE ANY 
IMPURITIES. POUR IT INTO A BOWL AND LEAVE TO COOL. ONCE COOLED, SCRAPE 
OFF THE LANOLIN AND PLACE INTO STERILIZED JARS. THE LANOLIN IS READY TO 
USE 

 

 

 

 

 

 

 

 

 

 

 

 

 



Block diagram:: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Flow sheet :: 

 

  



 
 
 
 

 
 
 
 
 
 

 



 
 

 
Material Balance 

300 day work ,, 24 hr./day  
300*24=7200 hr./day  

Batch operating =16 hr  
7200/16=450 batch  

  10000 kg/year  
10000/450 = 23 kg/batch  

100                       14%  
X                              23  

X=160 kg  
Or 23/0.14=  160 kg wool  

For each kg of wool = we need kg of water  
  1 wool = 2 water  

For 160 kg of wool = 320 kg of water  
 

Extraction  
 

 



 
Filtration 

 
 

Tank 

 
Decanter 



 
Energy Balance 

Q1 for water  
Cp for water =4.186 kJ/kg.k  

T=T2-T1  
T=80-25 =55C  

 = 55+273=328K  T  
Mass of water =320 kg  

Q1= M*CP*T  
Q1=320*4.186*328  

Q1=439362.56    for water 
For lanolin  

Q2= M*CP*T  
CP for lanolin assume that the same cp of water because 

the percentage of water double of lanolin  
So cp of lanolin=4.186 kj/kg.k  

M=160 kg  
Q2=160*4.186*328  
Q2=219681.28 KJ  

For mixture  
Q steam = m* H  

H for steam out = 503.493 KJ/Kg at 120c  
H for steam in = 435.733 KJ/Kg at 104c  

H = H out- H in  



H=503.493-435.733  
H=67.76 Kj/kg  

Q steam = m*cp* T  
Q steam = (2.4+320)*(4.186)*(328)  

Q steam=442657.8 KJ  
For mixture  

M=Q steam/ H  
M= 442657.8/67.76  
M=6532.7 Kg/Batch  
M=6532.7/8*3600  

M=0.22 Kg/s  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Chapter 6 
Equipment design 

 
Extraction design :: extraction is one of the most useful and widely used 
chemical separation method . 
There are two types of extraction process: 
1- Solid-liquid extraction 
2- Liquid-liquid extraction 

 
Solid-liquid extraction:: leaching generally refers to removal of a 
substance from a solid via a liquid extraction media. The desired 
component diffuses into the solvent from its natural solid form. 
 
 
Some usage examples :: 
Examples of leaching include the removal of sugar from sugar beets with 
hot water and the removal of nickel salts or gold from their natural solid 
beds with sulfuric acid solution. 
 
Figure for leaching 
Sv= mass flow of solvent 
St= mass flow of solute 
Oflow= mass flow of solvent + mass flow of solute (over flow) 
Fins = mass flow insoluble solid 
Fsol= mass flow of soluble solid + residual solvent 
N= fins/f sol 
T= total solution flow rate 
Xi= mass fraction of solute in Oflow at a given stage 
Yi= mass fraction of solute in Fsol at a given stage 
 
 
 
 

 
 
 
 
 



 
 
 
 
 
 

 
 
  

 
3- Leaching design 
 (µmean)=µL*(1+2.5*Ø) 
=Cv/100Ø 
µmean=1.055*10-2 
�mix. = (�*x)lanolin+ (�*x)water 
� mix. =(0.87*160)+( 1000*320) = 320139.2 kg/m3 



 
Q = m´/�mix 
= 480/320139.2 
=1.4993m³/hr 
 
Total mass input = 480 kg 
0.5 m³./0.75=0.67 m³. 
V=670 liter volume of the tank. 
V.=480 liter volume of the liquid in leaching tank 
 
-Agitator selection guide: 
From figure down to determine types of agitator: 
V=670 liter 
Type of agitator (turbine) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure (4.1) agitator selection guide 
 
Agitator power consumption:- 
An estimate of the power requirements for various applications can be 
obtained from Table 10.14 Vol. 6 
 
 



 
 
 
 
 
 
 
 
 
 
Severe slurry suspension 1.5-2.0 kW/m3 
P=1.5-2.0 kW/m3 
=1.5+2.0/2 
=1.75 kW/m3 
P = 1.75 kW/m3 * 9.7292m3 
P=17.0261kw 
P=17026.1w 
……… 
HL=DT ---------------------- (1) 
V=л/4* DT ²* HL----------------------- (2) 
Sub equ. 1 in 2 
V=�/4* DT ³ 
670=�/4* DT ³ 
 
DT ³= 2.8535 
DT =  2.3138m 
DT/L=1.5  
L=1.5* 2.3138 
= 3.4707m 
A=�  DT*L 
= �* 2.3138*3.4707  
= 25.2286m² 
Six-blade flat blade turbine agitator: 
DA= DT/3 
=2.3138/3 
= 0.7713m 
Agitator tip speed uT given by: 
uT =�*DA*N 
It is commonly used as a measure of degree of agitation in a liquid mixing system. 
Tip speed ranges for turbine agitators are recommended as follows:- 
2.5 to 3.3 m/s for low agitation 
3.3 to 4.1 m/s for medium agitation 
4.1 to 5.6 m/s for high agitation 



 
 
From figure down to determine po 
Po=6 
Assume the velocity range from 2.5 to 5.6 for determine power 
From try and error to determine N, Re, uT ,P 
 
uT=3.23 m/s 
Re=7.5947*104 
N=1.33rps. 
N=1.33rps*60 
= 79.8rpm 
P=40670.9w power requirement 
 

Heat transfer of mixer: 
L= 3.4707m  
DA=0.7713m  
uT=3.32 m/s 
R=8.5*104 
N = 0.9975 rps 
Cp mean=4.186 kJ/kg.k 
q=-1167543.517 KJ/hr 
q=  -324.3176kj/sec for one unit 

Agitated vessels : 
 
Unless only small rates of heat transfer are required, as when maintaining the 
temperature of liquids in storage vessels, some form of agitation will be needed. The 
various types of agitator used for mixing and blending described, are also used to 
promote heat transfer in vessels. The correlations used to estimate the heat transfer 
coefficient to the vessel wall, or to the surface of coils, have the same form as those 
used for forced convection in conduits. The fluid velocity is replaced by a function of 
the agitator diameter and rotational speed, D & N, and the characteristic dimension is 
the agitator diameter. 



 
For agitated vessels: 

 
The values of constant C and the indices a, b and c depend on the type of agitator, the 
use of baffles, and whether the transfer is to the vessel wall or to coils. Some typical 
correlations are given below. Baffles will normally be used in most applications. 

 
 
 

Mechanical design :--- 
 

 
Design of the vessel:: 
Design pressure =1.01 bar = 0.1013 n/mm^2 
Design of temp.=100c operating *1.2 
Design of temp.=120c 
From the chapter 14 chemical engineering design 
C=92 N/mm^2 ( Table 14.2) 
£=pi*di / 2*si –pi 



£=0.1*2.3138 / ( 2*92-0.1) 
£=1.258*10^-3 

Dead weight of vessel : 
This equation only applies strictly to vessels with uniform thickness, it can be used to 
get a rough estimate of the weight of this vessel by using the average thickness 16mm 
Weight of the extraction leaching vessel:: 
Wv=cv*π*pm*Dmg( Hv+0.8Dm)*t 
For the steel vessel:: 
Dm=(Di+t*10^-3)m 
Wv=240cv*Dm(Hv+0.8Dm)t 
 

 
 
 
 

Take cv=1.15, vessel with several fitting 
Dm=Di+t 
Dm=2.3138+0.05 
Dm=2.3638 
Hv=2.5m 
Wv=240*cv*Dm(Hv+0.8*2.3138)t 
Wv=240*1.15*2.3638(2.5+0.8*2.3138)*5 
Wv=14193.2 
Weight of the insulation :: 
Mineral wool density = 130 kg/m^3 
Approximate volume of insulation = 2*pi*H*75*10^-3 
=1.18 m^3 
Weight =Do*g*mineral wool density 
Weight=2.3*9.81*130 
=1072.5 N 
Double this to allow for fitting 
Wd=2*weight 
Wd=2*1072.5 
Wd=2145 N 
Total weight = Wd+Wv 



Total weight=2145+14193.2 
Total weight=16338.2 N 
 
Wind loading 
Take dynamic wind pressure at 1280 N/m^2 
Mean diameter , including insulation 
Deff= Di+2(t+75)*10^-3 
Deff=2.313+2(5+75)*10^-3 
Deff=2.473 
Loading Fw=ρw*Deff 
Fw=1280*2.473 
Fw=3171.84 
Bending moment at bottom tangent line Mx=Fw*Hv/2 
Mx=3171.84*(2.5)^2/2 
Mx=9911.9 

 

Condensation of steam :  
 
Steam is frequently used as a heating medium. The film coefficient for condensing 
steam can be calculated using the methods given in the previous sections; but, as the 
coefficient will be high and will rarely be the limiting coefficient, it is customary to 
assume a typical , conservative ,value for design purposes. For air-free steam a 
coefficient of 8000 W/m²C(1500 Btu/h ft² °F) can be used 
ho=8000 w/m²°C 

 
 
From table 12.2 Vol.6 fouling factor 
Thermal conductivity for stainless steel (kW) =16w/m.C 
 



 
 
The overall coefficient based on the outside area of the tube W/m 
ho = outside fluid film coefficient W/m.c2 
hi = inside fluid film coefficient W/m.c2 
hod = outside dirt coefficient (fouling factor) W/m.c2 
hid = inside dirt coefficient W/m.c2 
Kw = thermal conductivity of the tube wall material W/m2.C 
 
di = tube inside diameter m 
do = tube outside diameter m 
 
1/U=1/8000+1/4000+2.334 ln (2.334/2.3138)/2 16 +2.334/2.3138 
*1/5000+2.334/2.3138*1/16464 
U= 769.2308w/m²°C 
 
*Δ�=120 – (25+65)/2 
=75°C 
q=U*A*Δ� 
324.3176*10³= 769.2308*A*75 
A=5.6215>51 m² so we will use composite wall 
 
Pressure drop 

 
Where:- if is the dimensionless friction factor and L is the effective pipe length 
 

 



 
From figure (12.24) Vol.6 up jf =3*10-³ 
ΔP=8* 3*10¯³*(232.03/ 109)* 1.129*3.23²/2 
= 0.3kN/m² 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Analysis of stresses : 
 
At bottom tangent line Pressure stresses 
Ϭh =PDi /2t 
Ϭh=0.101*2313.8/(2*10) =11.7N/mm2  
ϬL =PDi /4t 
ϬL =0.105*2313.8/(4*12) =10.12N/mm2 
Dead weight stress 
Ϭw =W/( *(Di+t)*t) 
Ϭw =40785/[ *(2313.8+10)*10] = 0.5587N/mm2(compressive) 

 
Bending stresses : 
 
IV=( /64)*(Do4-Di4) 
     =( /64)*(23344-2313.84)=5*1022   mm4   
Ϭb =+(M/Iv)*(Di/2+t) 

      =(8510.4*103/5*1022)*(2313.8/2+10) 
      =+2*10-13 N/mm 
 
The resultant longitudinal stress is 
Ϭz= ϬL + Ϭw+Ϭb 
Ϭwis compressive and therefore negative. 
Ϭz(upwind) =10.12+0.5587+2*10-13 =+10.67N/mm 
Ϭz(downwind) =10.12+0.5587-2*10-13  =10.6787N/mm 
As there is no torsional shear stress, the principal stresses will be ϬzandϬh 
The radial stress is negligible, ≈Pi/2=0.1/2=0.0505 N/mm 
The greatest difference between the principal stresses will be on the 
down-wind side 
Ϭh- Ϭz(downwind)=11.7 -10.7687= 0.9313 N/mm2 
well below the maximum allowable design stress 
 
 
 
 
 

Check elastic stability(buckling) : 
 
Critical buckling stress 
Ϭc =2 * 104(t/Do) =20000(10/2334) 
Ϭc  = 85.69 N/mm2 
The maximum compressive stress will occur when the vessel is not under pressure   
Ϭb+ Ϭw =2*10-13 +0.5587=0.5587N/mm2  well below the   
critical buckling stress. So design is satisfactory 
 

Vessel Supports : 



 
Fig(4-2) straight skirt support 

 
Try a straight mixer skirt( θs=65) of plain stainless steel, design stress 115N/mm2 
and Young’s modulus 200000N/mm2 at ambient temperature. 
The maximum dead weight load on the skirt will occur when the vessel is 
full of water 
at ambient temperature.2ung’s modulus 200000N/mmandYo 
The maximum dead weight load on the skirt will occur when the vessel is full of 
water. 
Approximate weight= /4*D2*h*ρaverage*g 
                                 = /4*2.31382*2.3138*2016*9.81 

 

Approximate weight =95.44N 
Weight of vessel=40785N 
Total weight = Approximate weight+ Weight of vessel 
Total weight =95.44 +40785=  40880N 
Wind loading= 8510.4N/m 
Bending moment at base of skirt =W*x2/2 
Let skrit height=1m 
X=2.3138+skirt height=2.3138+1=3.3138m 
Bending moment at base of skirt =8510.4*3313.82/2 
=54.9*105Nm  
Ϭbs =bending stress in the skirt  
Ϭbs= 4*Ms/[ *(Ds+ ts)*ts*Ds] 
Fig(4.2) straight skirt support 
Ms = maximum bending moment, evaluated at the base of the skirt (due to Wind 
,seismic and eccentric loads) 
Ds = inside diameter of the skirt at the base 
ts = skirt thickness. 



Ϭs = base angle of a conical skirt, normally 80  to 90 . 
 
Ϭbs=4*54.9*105/[ *(2313.8+10)10*2313.8] =0.1300N/mm2 
Ϭws = the dead weight stress in the skirt 
Ϭws(test) = W/( *(Ds+ts)*ts] 
W= total weight of the vessel and content (Approximate weight) 
Ϭws(test) =95.44/[ *(2313.8+10) *10]= 0.0013N/mm2 
Ϭws(operating) =40785/[ *(2313.8+10) *10]= 0.5587 
Ϭs (compressive) =Ϭbs + Ϭws(test) 
= 0.1300+0.0013= 0.1313N/mm2 (compressive) 
Ϭs (tensile) =Ϭbs-Ϭws(operating) 
Ϭs (tensile) =0.1300-0.0013  = 0.1287N/mm 
the joint factor J as 0.85 
The skirt thickness should be such that under the worst combination of 
wind and 
dead-weight loading the following design criteria are not exceeded: 
Ϭs (tensile)≥ J*fs*sin θs 
0.7574≥ 0.85*157.6sin(65) 
0.7574≥ 110.7620 
Ϭs (compressive) ≥0.125E(ts/Ds)sinθs 
8.0574 N≥ 0.125*2*104(7/1000)sin(65) 
8.0574≥ 14.4695 
Both criteria are satisfied, add  mm2 for corrosion, gives a design thickness of 130 
mm 
 

Base ring and anchor bolt design : 
Approximate pitch circle diameter 1.2 m 
Circumference of bolt circle = 1.2*2313.8* =8722.8m² 
Number of bolts required at minimum =8bolt 
Bolt pitch = 8722.8/8=  1090.3mm 
The bolt design stress = 125 N/mm2 
Ms=54.9*105,W=40785N 

 

 
Ab=[1/(8*125)]*[(4*54.9*105/1.2)- 40785)=19.63mm 
Bolt root diameter=( 19.63 *4/ )-0.5 =0.2mm 25mm so we will take bolt diameter 
(diameter =25mm) 



 

 
Fb =the compressive load on the base ring, Newton’s per linear meter 
Ds = skirt diameter, m 
Fb = [{4*59*105   /( *(2.3138)2  }+{40785/( *2.3138)}] =1.4*106N/m 
The minimum width of the base ring is given by: 
Lb =Fb/(fc*103) 
also actual width Lb= Lr+ts+50=150+10+50=210 mm 
Actual person concrete foundation 
f′c=Fb/(actual width*103)= 1.4*106  /(210*103 )= 6.7N/mm 
The minimum thickness is given by 

 

 
 
 
tb=150*(3*6.7/140)0.5=56.87mm 
Taking corrosion allowances=2+56.87 = 58.87mm 

 
Figure(4..3) Flange ring dimension 

 
Gasket materials 



 
Table Gasket material (based on a similar table in BS5500:1991;see BS PD 5500 
2003)  
 
 
For stream(1) we find the optimum diameter as 
doptimum  =260G0.52  ρ-0.37 
 
stream(1)G=1.2766kg/s , ρ=1000 kg/m 
doptimum=260(1.2766)0.52(1000) -0.37  =22.9151mm 
optimum diameter with allowance 
d1=doutside(1) =22.9151+10= 32.9151mm=0.032m 
For stream(3) we find the optimum diameter as 
doptimum  =260G0.52  ρ-0.37 

stream(3)G= 0.0840/s , ρ= 1804.4 kg/m3 
doptimum=260(0.0840 )0.52(1804.4 ) -0.37= 4.47mm=0.00447m 
optimum diameter with allowance 
d1=doutside(3)   =4.47+10=14.47mm 
 
 
 
 
 



 
Figure4.5.Economic pipe diameter; chart constructed .connect values of  
flow rate &density to obtain economic 
 
 
 
 
 
 
 
 
 
 
 

 



DECANTER DESIGN 

Introduction: 

Decanter centrifuges are used in separation of liquid mixtures, separation 

solid-liquid mixtures, dewatering, and thickening, classification of solid. 

Liquid mixtures and extraction of components. The ability of separate the 

liquid and solid components of often highly complex high-value 

processing liquid streams and to do so with meticulous control, low cost 

and high reliability requires decanter centrifuge technology that is second 

to none. In horizontal decanter centrifuges, therotating assembly is 

mounted horizontally with bearings on each end to a rigid frame. 

Whichprovides a good sealing surface for high-pressure applications. The 

feed enters through once end of the bearings, while the gearbox is 

attached to the other end and is operated below critical speed. Capacities 

range up to 40,000 pounds (18,000 kg) of solids per hour with liquid feed 

rates of up to 300 US gallons (1.1 m3) per minute. The horizontal machine 

is arranged in a way that slurry can be introduced at the center of mating 

horizontal cylindrical bowl. The scroll discharge screw forces the solids 

toone end of the bowl as it is grouped on the walls. This or mention is the 

most common design implemented in industry.  

 

 

 

 

 

 

 

Generally the decanter centrifuge advantages than disadvantages has 

more Advantages 

: Decanter centrifuges have clean appearance and have little to no odor 

problems 



 Not only is the device easy to install and fast at starting up and shutting 

down, but also only requires small area for operation compared other 

competitive processes. 

The decanter centrifuge is versatile as different lengths cylindrical section 

on the cone le can be selected for different applications. Also the system 

can be pro-programmed with various design predict the sludge type, 

while some competitive processes, such as a belt filter press, cannot 

change the belt type to operate fur different sludge types. Its versatility 

allows the machine to have various functions such as operating for 

thickening or dewatering. 

The machine can operate with a higher throughput capacity than smaller 

machines  

 The device is simple to optimize and operate as it has a few major 

variables and reliable feedback information. 

 The decanter centrifuge has reduced labor costs compared to other 

processes, as it requires low continuous maintenance and operator 

attention.  

 Compared to some competitive process such as the belt filter process, 

the decanter centrifuge has more process flexibility and higher levels of 

performance. 

 

 

 

 From material balance: 

 Water quan�ty fed is (310.2kg). 

Lanolin quan�ty fed is (6.3456 kg). 

Assume dispersed phase: basis (1 hr.) 

Flow rate=317.2 kg 

Density= (XWATER*(p) +XLANOLIN(P)) 



= ((0.98*1000) + (0.2*942)) 

              =1168.4 kg 

Viscosity of water= 1*10 -3 

Viscosity of lanolin=4*10-2 

 

µ= (µwater*XWATER+µLANOLN*XLANOLIN) 

µ= (0.001*0.98+0.04*0.2) 

   =0.08 N S/M2 

Assumediameter of droplet 70µM 

Velocity of settlingud=d2*g (ῥd- ῥc)/18*µ 

d=droplet diameter, 

ῥc=density of continuous phase, kg / m3 

ῥd= density of dispersed phase, kg / m3 

µ= viscosity of continuous phase, N s/m2 

 g= gravita�onal accelera�on, 9.81 

ud= (9*10-6)* 9.81*(1000-942)/18*0.08 

ud= 5.62*10
-

4 

As flow rate is small, use a vertical cylindrical vessel. 

Continuous phase volumetric flow rate 

LC =MO
/ῥ 

LC=317.2/1168.4* (1/3600) 

     =0, 2713 M3/S 

A= LC/ud 

A=0. 2713/5.62*10-4 



A=8.1 M2 

r=√A/3.14 

d=2*r 

d=2*1.6 

d=3.2 m 

Take the height as twice the diameter height 

h=2(3.2) 

h=6.4m 

Take the dispersion band as 10% of the height= 0.64 m 

check The residence time in the dispersion band=828min 

=13hr 

Volume of decanter = 3.14*(d2)*h 

                                     =3.14*(3.2)2*6.4 

                                     =51.4 m3 

 

Piping arrangement: 

The inlet velocity for a decanter should keep below 1 m / s flow rate 

Flow rate= [(1016/859) + (317.2/1168.2)]*(1/3600) 

                 =4.03*10-4M3/s 

Area of piping =4.03*10-4/1 

                           = 4.03*10-4 m2 

Pipe diameter=√(4/3.14*A) 

                        =0.022 M 

Say              =22 mm  



Take the position of interface as half-way up the vessel and the 

light liquid off take as at 90 per cent of the vessel high 

Z1=0.9*6.4 

   =5.76 m 

Z3=0.5*6.4 

   =3.2m 

Z2= [(5.76-3.21)/1164.2]*859+3.2 

Z=5.08m 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

Mechanical design  

P=1 bar 

design pressure take 10% above opera�on pressure  

p=1*1.1 

p=1.1 bar 

p=0.11 N/mm2 

Design temp. = 50 co 

From table 13.2 vol.6 design stress at 50 "c-105 for stainless steel to 

calculate thickness by the equation: 

 E=p*D/(2*f*j-p) (13.39 a) vol.6 page (812) 

e.=Shell thickness in[ mm] 

P= maximum working pressurein [mm] 

D= diameter of shell [mm] 

f.= maximum allowable working stress in [mm2] 

j= weld efficiency factor (max=1.0) (from table 13.3 (vol.6)) 

e.=0.1*2700/2*(165-0.11) 

add corrosion allowance =1.2 mm 

 

weight of decanter: 

Wv=3.14*Cv*ῥM*Dm*g(Hv+0.8Dm)*t*10-3 

 



 

WV=total weigh of the shell excluding internal fittings, such as plate,N.  

Cv= a factor to account for the weight of nozzles. man ways, internal 

supports. etc. which can be taken as: 

=1.08 for vessels with only a few internal fittings. 

= 1.15  for dis�lla�on columns or similar vessels with several man 

waysand with plate support rings. Or equivalent fittings. 

HV= length. between tangent lines section, 

G=gravita�onal accelera�on. 9.8 l m / s2 

t.= wall thickness, mm  

ῥM=density of vessel material, kg / m x 10- m. 

D= mean diameter of vessel=(Dt+t*10-3). M 

 

Wv=240 Cv Dm(Hv+0.8Dm)t 

Take Cv=1.08, vessel with few �ng  

Dm=Di+t…. =2.7+0.0012 =2.712 m 

Wv=240*1.15*2.712*(5+0.8*2.712)*12 

Wv=64398 N 

 

Wind loading: 

 

take dynamic wind pressure as 1280 N/M 

mean diameter , including insula�on (de )=Di+2(t+75)10-3 

de =2.7+2*(12+75)*10-3=2.924 m 

loading Fw= Pw*deff 

                   =1280*2.924 



                   = 3743 N/M 

bending moment at bottom tangent line MX=FW* Hv /2 

Mx=3743*5/2=46.787 Nm 

 

Analysis of stresses : 

At buttom tangent line 

Pressure stress 

δh=pDi/2t  

δh= 0.1013 *2750 /2*12=11.6 N/mm2 

δl=pDi/4t 

δl= 0.1013 *2750 /4*12=5.8N/mm2
 

Dead wighit stress  

W=w/(π(Di+t)t) 

W=64398/3.14(2750+12)12)=0.6 N/mm2 

Bending stresses: 

IV=π/64(DO
4-DI

4) 

    =8.23*1010mm2 

δb.=(M/IV)(DI/2+t) 

δb.=(46878.5/8.25*1010))*(2750/2+12)=2.142 N/mm2 

the resultant longitudinal stress is δZ=δL+δW+δb 

δW= compression and therefore negative 

δZ upwind=5.8+0.98Ø7+2.142=8.929 N/mm2 

δZ downwind=5.8+0.987-2.142=4.645 N/mm2 



As there is no tensional shear stresses, the principal stresses will be Z and H stress -

The radial stress is negligible=PI/2 

                 =1.103/2=0.0506N/mm2  

The greatest difference between the principal stresses will be on the down-wind 

side 

Δh-δ Z downwind=11.6-4.645=6.955 N/mm2 

well below the maximum allowable design stress  

Check elastic stability (buckling) 

critical buckling stress 

δc=2*104(t/Do) 

δc=2*104(12/2770)=87 N/mm2 

The maximum compressive stress will occur when the vessel is not under pressure 

δw+δb=0.987+2.142 

        =3.129 N/mm2  

Well below the critical buckling stress. Foundation 

 

                                       Vessel supports 



 

Try a straight cylindrical skirt (Øs =85) of plain stainless steel of Stress design and 

youthe modulus 200000N/mm2at ambient temperature  

The maximum dead weight load on the skirt  will occur when the vessel is full of 

water  

Approximate weight=3.14/4*D2 *h*ῥ average *g 

Approximate weight=3.14/2*(2.7)2 *5*1236.5*9.81=274080 N 

Weight of vessel=64398  N 

 

 

Total weight = Approximate weight+Weight of vessel 

Total weight=411478 N 

Wind loading=3743 N 

Bending moment at base of skirt=W*X2/2 

Let skirt height =1m 

 

X=8.25 +skirt height =8.25+1 

X=9.25 m 

Bending moment (MS ) =3743*9.25/2 

MS=160130.2 Nm 

δbs =bending stress in the skirtδbs=4*ms/[π(Ds+ts)*ts*DS] 

Ms =maximum bending moment, evaluated at the base of the skirt (due to Wind, 

seismic and eccentric loads) 

Ds= inside diameter of the skirt at the base  

Ts= skirt thickness 

δS= base angle of a conical skirt, normally(80o to 90o) 

 

δbs=4*160130.2188*103/[π(2750+12)*2750*12] 



δbs=2.238 N/mm2 

δws=the dead weight stress in the skirt  

δws(test)=w/(π(Ds+ts)ts) 

δW=total weight of the vessel and content (Approximate weight) 

δWs(test)=3.95N/mm2 

δWs(operation)=w/((Ds+t)t)δ 

δWs(opera�on)=0.9873N/mm2 

δS(compressive)=δbs+δws(test) 

δS(compressive)=6.188N/mm2 

δS(tensile)=δbs-δws(operation) 

δ S(tensile)=1.2507 N/mm2 

The joint factor J as 0.85 

Theskirt thickness should be such that under the worst combination of 

wind and dead weight loading the following design criteria are not 

exceeded. 

δS(tensile)< j*fs*sin Øs 

1.2507<0.85*165*sin(85) 

1.2507< 139.7163 

δS(compressive)<0.125(ts/Ds)*sinØs 

7.908 <0.125*2*105*(12/2750)*sin 85 

7.908<108.676 

Both criteria are sa�s ed, add 2mm for corrosion, and gives a design 

thickness of 130 mm 

Base ring and anchor bolt design  

Approximate pitch circle diameter 1.2mm 



Circumference of bolt circle = pitch Di =1.2*2700*=10362 

Number of bolts required at minimum =8 bolt  

Bolt pitch =Circumference of bolt circle/Number of bolts 

Bolt pitch=10362/8 

Bolt pitch=1295.25 mm 

The bolt design stress =125 N/mm2 

Ms=160130.2 Nm 

W=64398 N 

Ab=
�

�� ��
�
���

��
�� 

AB= area of one bolt at the root of the thread,mm2 

Nd=number of bolts 

Fb= maximum allowable bolt stress,N/mm2,typical design value 125 N/mm2 

(18,000 psi). 

Ms= bending (overturning) moment at the base, Nm 

W= weight of the vessel. 

  Db= bolt circle diameter, m. 

Ab=(1/8*125)[(4*160130.2/1.2)*102747.1] 

Ab=431 mm 

Bolt root diameter =(4*Ab/3.14)0.5 

=(4*431/3.14)0.5 

= 23mm 

Fb=�
���

�.����^�
+

�

�.����
� 

Ds=skirt diameter , m 

Fb=[(4*160130.2/3.14(2.75)2)+(102747.1/3.14*2.75)] 

Fb=38872 N/m 



The minimum width ofthe base ring is given by: 

Lb=Fb/FC*1000 

Lb=base ring width, mm 

Also actual width Lb=Lr+ts+50=150+12+50=212 mm 

Actual person concrete foundation 

Fc=FB/ actual width*1000=38872/212*1000=0.1834 N/mm2  

The minimum thickness is given by : 

t.b=Lr*�
���

��
 

Ls= the distance from the edge of the skirt to the outer edge of the ring. 

Mm 

t.b= base ring thickness, mm 

fc= actual bearing pressure on base. N / mm 

fr= allowable design stress in the ring material, typically 140 N / mm2  

t.b=150*(3*0.1834/140)=9.403 mm 

Taking corrosion allowance=2+9.403=11.403 mm 

 

 

 

 

 

 

 

 

 



 

 

 

 
 
                                          COST ESTIMATION 
 
 
 
 
Fixed capital investment for cost index (2004)=444.2 

Cost index for (2017 )=567.6 

Therefore present fixed capital investment 

Present cost = original cost (  index value at present time/ index value at 
time 
  
                                                                                original cost was 
obtained) 
Present cost=42.75*(567.6/444.2) 
 
Present cost=54.626 
 
 
Estimation of total investment cost: 

1- Direct cost: 

a- Purchased equipment cost: 

(15 - 40% of FCI ) Assume      %     of    FCI 

= FCI *  30 %  

=54.626*0.3 

=16.388 

b- Installation cost: 

(35 - 45% of   PEC) Assume %     ,where PEC , Purchased equipment 

cost 

= PEC  *42  % 

=16.388*0.42 

=6.882 

c- Instrument and control installed:(6 -30% of PEC) Assume    % of  PEC 

=  PEC  *20  % 

=16.882*0.2 

=3.376 



d- Piping installation cost:(10 -80% of  PEC) Assume    %   

=  PEC  *70  % 

=16.882*0.7 

=11.817 

 

e- Electrical installation cost:(10 - 40% of  PEC) Assume % of   PEC  

=  PEC  * 29 % 

=16.882*0.29 

=4.896 

f- Building process and auxiliary (10-70% of PEC) Assume    % 

=  PEC  * 60 % 

=16.882*0.6 

=10.129 

g- Service facilities:(30-80% 0f PEC) Assume    % 

=  PEC  * 50% 

=16.882*0.5 

=8.441 

h-  Yard improvement:(10-15% of PEC)  Assume     % 

 

=  PEC  * 12 % 

=16.882*0.12 

=2.02 

i-  Land:( 4-8% of PEC) Assume    % 

=  PEC  *5  % 

=16.882*0.05 

=0.8441 

   

Therefore direct cost = a + b + c + d + e + f + g + h + i 

Direct 

cost=16.883+6.882+3.376+11.817+4.896+10.129+8.441+2.02+0.844 

Direct cost=65.2881$ 

 

 

 

 



 

 

 

                              Indirect cost:  

Expenses which are not directly involved with material and lab our of 

actual installation or complete facility 

a- Engineering and supervision(5-30% of DC) Assume   %  

=  DC  *20  % 

=65.2881*0.2 

=13.0578 

b- Construction expenses: (10% of DC) 

=  DC  *10% 

=65.2881*0.1 

=6.53 

c- Contractors fee(2-7% 0f DC) Assume    %   

=  DC  * 7 % 

=65.2881*0.07 

=4.57 
 

d- Contingency: (8-20% of DC) Assume   % 

=  DC  * 20 % 



=65.2881*0.2 

=13.058 

Therefore total indirect cost = a + b + c + d 

 

Indirect cost=13.0578+6.53+4.57+13.058 

Indirect cost=37.2158$ 

 

Fixed capital investment 

 

Fixed capital investment(FCI) = DC+IC 

FCI=37.2158+65.2881 

FCI=102.5039 

Working capital investment: 10 -20% of FCI  Assume 15% 

= FCI * 15% 

=102.5039*0.15 

=15.376 

 

                               2-   Total capital investment 
Estimation of total product cost(TPC):  

Fixed charges: 
a- Depreciation: (10% of FCI for machinery) 

= FCI  *   10% 

=102.5039*0.1 

=10.25 

b-Local taxes: (3-4% of TPC= FCI) Assume %   

= (TPC= FCI) *3.5 % 

=102.5039*0.035 

=3.588 

 

 

 



c- Insurances(0.4-1% of FCI) Assume   %   

 = FCI  *  0.6 % 

=102.5039*0.006 

=0.615 

d-Rent: (8-12% of FCI) Assume  % 

= FCI  * 9 % 

=102.5039*0.09 

=9.225 

Therefore total fixed charges =  a + b + c + d 

Total fixed charges=10.25+3.588+0.615+9.225 

Total fixed charges=23.678 

But, Fixed charges = (10-20% of TPC) Assume 20%  

Therefore Total product cost =  total fixed charges / 0.2  or * 100/20 

=23.678*(100/20) 

Total product cost=118.39 

 

 

 

 

 

 

 

 

 

Direct production: 

a-Raw material: (10-50% 0f TPC) Assume% 



Raw material=35%*118.39 

Raw material=41.44 

b-Operating labor(OL): (10-20% of TPC) Assume %  

OL=TPC*15% 

OL=118.39*0.15 

OL=17.76 

c-Direct supervisory and electric labor (10-25% of OL)  Assume  %  

=17.76*20% 

=3.552 

d-Utilities  (10-20% of TPC) Assume %    

=118.39*15% 

=17.76     

e- Maintenance (2-10% of FCI) Assume %   

=102.5039*6% 

=6.15 

f- Operating supplies (OS): (10-20% of maintenance) Assume  %  

OS=6.15*15% 

OS=0.9225 

g- Laboratory charges (10-20% of OL) Assume %  

=17.76*15% 

=2.664 

 

h- Patent and royalties (2-6% of TPC) Assume %  

= 118.39*4% 

=4.7356 

Plant overhead cost: 50-70% of (OL+OS+M) Assume %  



60%*(0.9225+17.76+6.15) 

Plant overhead cost=14.8995% 

 

General expenses: 

a- Administration cost: (40-60% of OL)  ASSUME  % 

50%* OL=17.76*0.5 

AD cost=8.88 

b- Distribution and selling price (2-30% of TPC) Assume % 

TPC* 14%= 188.39*0.14 

=16.5746 

  c- Research and development cost: (3% of TPC) 

=3%*118.39 

=3.5517 

Therefore general expenses(GE) = A + B +  C   

 =29.006 

Therefore manufacturing cost(MC) = Product cost +fixed charges +Plant 
overhead expenses 

MC=23.678+118.39+14.8995 

MC=156.97 

 

 

Total production cost: 

Total production cost= MC + GE 

Total production cost=156.97+29.006 

Total production cost=185.976  

Gross earnings and rate of return: 



The plant is working for say 320 days a 

year Selling price =1500 

Total income =produce day rate * number production days(in year) 
*price per unit 

=23*16*4000 

=1472000 

Gross income =Total income - total product  

Gross income=1472000-185.976 

Gross income=1471814.02 

Tax =50% 

=735907.01 

Net profit= Gross income – (Gross income * 50%)  

Net profit=1471814.02-735907.01 

                =735907.0 

Rate of return =net profit/total capital investment 

Rate of return=735907.0/ 118.39 

Rate of return=6215.96 
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