MISSOURI

S&l

Library and

Learning Resources Scholars' Mine
Professional Degree Theses Student Theses and Dissertations
1917

Chemical control work in the N. K. Fairbanks factories

John Whittlesey Bodman

Follow this and additional works at: https://scholarsmine.mst.edu/professional_theses

b Part of the Chemical Engineering Commons
Department:

Recommended Citation

Bodman, John Whittlesey, "Chemical control work in the N. K. Fairbanks factories" (1917). Professional
Degree Theses. 41.

https://scholarsmine.mst.edu/professional_theses/41

This Thesis - Open Access is brought to you for free and open access by Scholars' Mine. It has been accepted for
inclusion in Professional Degree Theses by an authorized administrator of Scholars' Mine. This work is protected
by U. S. Copyright Law. Unauthorized use including reproduction for redistribution requires the permission of the
copyright holder. For more information, please contact scholarsmine@mst.edu.


https://library.mst.edu/
https://library.mst.edu/
https://scholarsmine.mst.edu/
https://scholarsmine.mst.edu/professional_theses
https://scholarsmine.mst.edu/student-tds
https://scholarsmine.mst.edu/professional_theses?utm_source=scholarsmine.mst.edu%2Fprofessional_theses%2F41&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/240?utm_source=scholarsmine.mst.edu%2Fprofessional_theses%2F41&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarsmine.mst.edu/professional_theses/41?utm_source=scholarsmine.mst.edu%2Fprofessional_theses%2F41&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholarsmine@mst.edu

CHEMICAL CONTROL WORK IN THE N. K. FATRBANKS FACTORIES

Gu s

by
John Whittlesey Bodman.

A
THESIS
submitted to the faoulty of the
SCHOOL OF MINES AND METALLTRGY OF THE UNIVERSITY OF MISSOURI
in partial fulfillment of the work required for the
DEGREE OFPF
Chemical ©Engineer,
Rolla, Mo,
1917

{
somorea vy (SuKeetZer il -

Professor of Chemistry.
2040314



We propose to discuss in this thesis the or-
ganization of The N. K. Tairbank Company, particularly
with reference to the duties of the Chemical Divieion,
Operating Department in this organization. From a broad
viewpoint, we'believe that the particular organization by
which The N. K. Fairﬁank Company secures application of
its chemical ability to manufacturing operations as well
as to special problems, is characteristic of a widespread
movement taking place for recognition of the chemical
engineer in industry. This is particulsrly true in those
industriea where manufacturing coperations are.based pri-
marily upon practical applications of chemical priunciples.

The M. K. Fairbaenk Company, allied with the
American Cotton Cil Company and the Tnion Seed znd Fer-
tilizer Company, may be regarded outside of fertilizer
production activities as divided into the Soar and Zdible
divisicons. In the former division all effort is directed
to the production of soaps, scap vowders, digtilled fatty
acid, hydrogenateé cils, and glycerine; while in the
latter edible fats, cooking cempounds, and oils are manu-
factured. Casual consideration of the nature of this
business leads to the ccnceclusion that the operations
invelved are largely chemical, and as such, recguvire care-
ful control by those skilled in this branch of science.

The financial and general executive control of
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The N. ¥. Fairbank Company is quite simil=sr to that in
other large organizations. Stock holders through the
Executive Committee are in close touch with the President
and Comptroller. It is, perhsps, in the next detail of
organization that The ¥. K. Fairbank Company is uniane.
Directly in tcuch with the President there is the Manager
of the Cpersting Nepartment. This department may, per-
haps, best be described as a clearing house through which
all business correspondence, factory operations, pelicy
changes, vraw material purchases, sales campaigns, etc.
are approved znd developed. Much of this work is exeou-
tive in nature. BHowever, it will be appreciated that
other features such as the control of factory operations,
for insiance, requires practical and experienced factory
management. This is secured by dividine the Operating
Department, under its manager, into two divisions. These
are known respectively as the Power and Equipment Divi-
sion and the Chemical Division. =Pach of these divisions
in turn has a manager responsible for conditions in his
varticular field.

The Manager of the Power and Equipment Division
is responsible for the supply of power and the ubnkeep
and installation of machinery and equipment. The Manager

of the Chemical Division is responsible for all formulas



Dage 3
used in the production of the various products, and also,
to a certain extent for production operations as carried
out in the variocus factories. This department is also
responsible for process changes, quality of raw materials
and of finished producte.

Inasmuch as we desire to concern ourselves
primarily with the duties of the Chemical Division, Oper-
ating Department, we will eliminate discussion of duties
of the Power and Bquipment Division of the Operating
Department, 1In doing this, it will, of course, be ap-
preciated that many problems which arise require the
joint attention of the Engineering and Chemical Divisions.
This is due to the fact that the application of chemical
principles in industry, in nearly all cases requires,
for successful operation, the development of special
machinery or apparatus. It is, therefore, to the inter-
est of the Company that the closest co-operation exist
between Bngineering and Chemical Departments to the end
that best results may he secured.

In order to more clearly understand the duties
of the Chemical Division, Operating Devartment, it is,
verhaps, well to bear in mind that the Fairbank Company
operates five factories at widely separated points in

the United States and Canada. These factories are lo-
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cated at Chicago, St. Louis, New Orleans, New York
and *ontreal. The Chicago Factory produces both edible
and soap products as well as distilled fatty acid, glyc-
erine and hydrogenated oils. Cn the other hand, the
St. Louis TFactory is confined to the produétion of soap
products and distilled fatty acid. The Cretna Pactory
is concerned with the productinon of only edible products.
At the New Vnrk Tairbank Plant large quantities of soap
powders are produced as are also edible products and
oils, similar in nature to thoss manufactured =st the
Chicago and Gretna Plants. The ¥. ¥. Fairbank Company,
Limited, at Montreal, Canada operates with the same
division of pfoducts noted for the New Yorx Pactory,
nanely, soap powder and edible compounds and oils.

®ach of the factories mentioned has its own
local manager with his assistants; also each factory has
its own laboratory where the necessary chemical work and
control is carried on. So far as individual plants are
concerned, they are entirely independent of each other.
They are, however, coanected indirectly through the
Operating Department of the organization which is loca-
ted at Chicago. All correspondence passing between the
variosus facteries clears through the Qperating Depart-

ment. Direct correspondence is not permitted. Also all
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authorizations for processes or changes in formulas or
methods of operaiian are issued directly from the Qper-
ating Department head or the Power and Equipment Division
or Fhemical'Division of the Operating Department. It
will thus be seen that, graphically speaxing, the Oper-
ating Densritment may be regarded as the hub of the wheel
of which the various factories constitute the rim. All
correspondence, authorizations, or information desired,
centers in the hub of this wheel or the Cperating De-
partment, snd this department is the central auvthority
in all matters relating to policy or operation.

As pointed out above, the duties of the Cheni-
cal Divieinn, Op2rating Department, cover a comparative-
ly large field. This is due to the fact that the nature

. of business in which the Fairbank Company is engaged is
essentially chemical in nature. The duties of this de-
partment may be roughly classified under three headings.

(1) Exanination and control of quality of

raw materials received.

(2) Chemical control and standardization of

factory operation.

(3) Maintenance of quality standard in fin-

ished products.

So far as the examination of raw materials is

concerned, this work is largely rtoutine and is carried on
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by local laboratories operated in connection with each
plant. It would, perhaps, not prove of general interest
to discuss in detail the nature of the examination work
carried out on the various raw materials received. It
is needless to say this examination thoroughly covers all
points of commercial importance and is done for the pur-
pose of safeguarding quality and insistence upon fulfill-
ment of contract obligations on the vpart of the sellar,
The nature of materials received are varied and, under
these circumstances, the analytical work required is of
wide variety. As would te expected, however, the chemical
work involved is largely organic, although necessity for
inorganic work is by no means infrequent,

All of the Tairbank Laboratories are thoroughly
equipped. Also the personnel employed is the best that
can be secured, and it may be said to the credit of the
Tairbank Company that the general policy vursued in con-
nection with chemists has been decidedly liberal and
progressive, This is in keeping with proper recognition
of services rendered.

In order to illustrate the duties mentioned
under the second heading above, we may take the system
in force at the Chicago Factory as representative in
general.

The manufacture of soaps, scap products, as
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well as the distillation of fatty acid and other techni-
cal processes, such as the vrecovery of dynamite glycerine
and the hydrogenation of fats and o0ils, requires careful
chemiecal control in order that uniform results may be
secured as well as assurance being guaranteed that the
operations are at all times carried out in the most econ-
omical manner. The operation of soap boiling, for ine
stance, while actually carried cut by men possessing long
practical experience, nevertheless needs the technical
chemiets? attenticn in order to secure data necessary
both for accounting records and maintenance of quality
standards,

Fach glycerire lye taken from a kettle of soap,
the amount of soap being manufactured in one kettle some
times being as high as 300,000 pounds, is carefully
measured in calibrated tanks and the glycerine content
calculated after necessary data is obtained by chemical
analysis., This lye is then follewed through by an es-
tatlished system, and the Glycerine Department is auto-
matically held responsible for the proper yield of dyna-
mite glycerine therefrom. Also the finished or settled
operation has been carried out in prescribed manner,
which assures a normal moisture content to the finished
soap as well as the authorized glycerine content per-

mitted in the finished product.
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The contrel of kettle operations in the manner
briefly cited appears quite simple, but where the system
in operation requires the bandling of enormous quantities
of lyes as well as soaps, the matter at times becomes
gquite complicated and involved due to the intricate pump-
ing and storage systems necessaryv,

The operation of the Dynamite Glycerine Plant,
Distillation Flant, and the Hydrogenation Department arve
entifely technical. The operations of these plants are
also quite complicated and require careful technical
control.

All glycerine recovered is received in the
Glycerine Department eitker in the form of saponification
lyes or what is known as sweetwater, which is glycerine
liguor obtained in the Twitchell oreration in the Dis-
tillation Plant. Necessarily the quality of these glyc-
erine liqﬁors varies greatly, devendent vyon the charac-
ter of fats or oils from which they were derived.

While the charactzr of the glycerine liquors
with whick the (lycerine Tepartrment is supplied varies
greatly in nature, the aquality of the finished product
or dynamite glycsrine must be maintained absolutely uni-
form and conform to careful drawn specifications. The
chemical treatment, thevefore, which these lyes must

receive requires careful attention. In fact, the work
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is so systematized that the lyes entar tre Glycerirne
Department in prescribed amounts, which at the Chicago
Factory is set at 40,000 pouncds per pumping. Fach pump~-
ing is upon receipt in treating tanks carefully examined
and treated on miniature scale before the operation is
carried out in the treating tanks.

The chiemicals and acids used do not vary to a
large extent at the Chicago Plant. Sulrhuric or hydro-
chloriec acid is used to neutralize the sodiuvm carbonate
and caustic 2lkali in the received lyee, while aluminum
sulvhate 1s used as the coagulating agent to precipitate
the albuminous and entrained scap from the lyes. After
receiving the chemical treatment described, the lyes
are punned through large filter presses to storage tanks
from which they are drawn into triple or double effect
evaporatore for the concentraticn opersation. These
evaporatofs are provided with suitable steam chests in
which s2lts in the lyes a2re automatically concentrated
and dropped after certain concentrations of liquor are
reached. After e2liminating the «alts from glycerine lyes,
the liguor is pass=d to other evanorators where further
concentration is carried nut with the production of
so-called crude glycerine. The glvcerine content of this
crude glycerine is approximately R3-1/3¢ C. P, The crudé

glycerine in turn is sucked under vacuum into stills,

20401
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where under the highest vscuum attainsble and through the
action of expanded and preheated steam the glycerine is
distilled.

This operation produces three products, nsmely,
low gravity dynamite glycerine, sweetwater glycerine, and
glycerine fonts. The two former products are obtained
in condensers, the low gravity glycerine heing retained in
alr~cooled condensers while the sweetwater, so-called, is
the final condensation product obtained in a water-cooled
condenser at the end of the still condensing system. The
glycerine foots is the product remaining hehind in the
still. These glycerine foots are removed systematically
from thestill and given special treatment for further re-
covery of glycerine in a separate department. The low
gravity glycerine and sweetwater glycerine are now passed
to concentrating apparatus vhere the remaining moisture
is evaporated under high temperature and vacuum. After
concentrating to a specific gravity of 1.2620 the glyc-
erine is considered finished. This is knowncommercially
as dynamite glycerine snd is sold in steel drums %o
nowder or explosive manufacturers or further refined for
the production of . P. glycerine to ne used in medici-~
nal work,

The distillstion of fatty acids consists fund-

amentally of two operations, namely, the split or seponi-



Page 11
fication of the neutral fat inte glycerine and fatty acid
and the distillation of fatty acid obtained from the sa-
ponification process. The splitting or saponification of
fats is generally carried out by =ither the autoclave
process or by the Twitchell process. In the former case
the fat is split in autoclaves under high pressure snd
temperature and in the presence of proper catalytic agent.
In the Twitchell procees on the other hand, the operation
consists of boiling the fat while on a slight acid water
with so-called Twitchell re-agent or saponifier. 1In
either case the glycerine is recovered from the fat in
resultant liquor or sweetwater attendant the operation.
The fatty acid after being separated from the sweetwater
liquor is vumped to storage tanks, from which in due
course it is sucked into large stills, where under the
action of superheated steam and under high vacuum it is
distilled and condensed in copper water-cooled condens-
ing tubes, after which it ie available for soap making
purposes or may be pressed for recovery of Red 0il and
stearine.

Of course, it will be understood that the dis-
tillation process is used only upon very low grade fats.
These fats cecntain a large amount of albuminous and
coloring matter which render them unavailable for use
in soap producte until they have been freed from the

objectionable coloring matter. This is done in the
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stills where the fatty acids are volatilized and carried
cver in the presence of suoperheated steam as the carry-
ing agent. Coloring matter and other impurities on the
other hand remain behind in the still in the form of
piteh. This pitch in the final course of operation is
drawn from the stills and barreled. Both the pitch and
the distilled fatty acids have a comparatively high market
value as compared with the original low grade fat from
which they were produced.

The hydrogenation process consists of conver-
sion of the linoleic and oleic acids in the fat to
stearine by the addition of requisite amount of hydrogen
to 2ach molecule of fat. This operation, on a commer-
cial scale, is carried out by catalisis., While there
are a number of catalysts which may be used, in most
commercial plants metallic nickel is used. The hydro-
gen necessary in processing the oil may be produced in
a number of ways. Perhaps two of the most successful
as well as economical are the electrolytic method and
the so~called iron svonge method. These processes of
hydrogen generation are commevrcial operations and the
necessary equipment for production may be purchased
from numsrous sources on the open market.

It would, perhaps, be interesting to call

attention to the fact that hydrogenation of oils and
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fats has assumed a very important field in connection
with both the soap industry and the packing house
industries in generél. It enables, from the viewpoint
of the soap manufacturer, a much wider choice in the
gelection of raw materials, and hence, rendevs available
fats and cils which under other conditions would not be
economical to use. The hydrogenation process has as-
sumed a very important roll in the o0il and fat market
and this importance is justified through economies re-
sulting in its commercial application.

As pointed out above, the Chemical Division is
responsible for the quality of finished producte. It
naturally followe if the proper system is inaugurated
and fulfilled for the grading and sorting of raw mater-
ials and for the control of manufacturing operation that
the finished products will prove satisfactory and up to
stendard. This feature, therefore, is largely dependent
upon proper execution of the first two duties mentioned.
Nevertheless, all finiehed products are autnmatically
gampled. These samples are sent to the laboratory for
examination, and should any defect in quality be noted,
the matter is immediately investigated and necessary
correction applied.

The Chemical Division, Operating Department

held responsible for the quality of finished products,
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avutomatically assumes considerable responsibility for
the purchase of raw materials. In other words, since
this department develops and standardizes all formulas,
it is necessary that it should keep in close touch with
the Purchasing Department. The Purchasing Department
is thereby informed as to materials considered necess-~
ary in manufacturing operation. Standard formulas for
the varicus grades of products, edible as well as soap,
are worked cut far in advance. Information is then ob-
tained as to the avproximate sales expected for the
various grades of materials during the ensuing year.
With this data in mind, it is possible for the Purchas-
ing Department to go into the market and cover for the
necessary supply of raw materials in the form of oils
and fats.

It may be interesting to know also that should
conditions arise at any factory under which the local
mansger should find it imvpossitle to conform his prod-
uction to the autharized standard formula, the matter
ig automatically referred to the Chemnical Division,
Operating Department. This departiment takes up the
trouble divect with the manager in guestion., The loecal
manager under no condition changes a manufacturing form-
ula or proacess without proper authorization from the

rerating Department. This assures a uniform quality
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of product as well as fixes responsibility for any
variation in quality which may be the basis for complaint
from the ceonsuming public.

We have thus descrihed briefly and in general
manner the operations of The N. K. Fairbank Company as
well as the responsibility of the Chemical Division,
Cperating MNepartment of this corporation. In the brief
déscription of technical processes involved we have
eliminated discussion of problems connected with the
production of edible fats and compounds. These opera-
tions and processes, however, bear the same relation in
the Edible Department of the Fairbankx business to the
Chemical Division as processes involved in the production
of soaps and toilet articles. For the purpose, there-
fore, of showing the relation of the chemical engineer
to operations in general, the description offered in
connection with the Soap Department holds good for all
edible production.

It is felt that recognition of the imnortance
of chemical engineering 2bility in the Fairbank Company
is characteristic of a general movement taking place in
all large corporations. As stated at the beginning of
this thesis, this is particularly true of those indus-
tries dependent, in productien process, upon applica-

tion of chemical principles. It is undoubtedly true
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that this movement and recognition of the chemical
engineer wvwould not have developed without being justi-
fied by results secured. As the chemical engineer makes
good in the new responsibilities placed upon him, the
importance of his work will receive increased recogni-
tion.

It is, of course, undcubtedly true that the
movementvfor recognition of the chemist in industrial
organization has received great impetus through the
general =zconomical situation existing through the in-
fluence of the present world wide war, However, while
this catastropbe has hastened the recognition of the
chemi cal engineer, the movement is based upon the solid
foundation of need, and it is our opinion thst it will
not only be permanent but that recognition of applied
chemistry in industries, superviged by the chemical
engineer, will receive even greater recognition during
the period of restoration and adjustment of industries

followving settlement of peace.
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