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ABSTRACT

Experimental and theoretical investigations weradoeted on an
existing sulphation pilot plant facility for prodii@n of leather lubricant,
sulphated oil popularly known as fatliquor. Thissaaarefully and critically
done to evaluate the performance of the plant apeaet of attaining the
required process conditions. These include maimgirthe sulphation
reaction temperature of 25°C to reduce side reastio enhance optimum
yield of the desired product. In addition, the stevaluated the possibility
of using the plant for as much smaller feed as iptessper batch of
production, to reduce cost of experimentation engdiant.

The test-runs revealed some design Lapses, sudheaseaction
temperature rising up to 41"C in the three tessrtirat were done. This
may indict the cooling system that was earlier arserved to have placed
serious restriction on wide variation of procegsuinrequired of a research
project. A redesign of the cooling system was da@se part of the

investigations to confirm the observed under-flordhg. The redesign

Vil



established that the total surface area for the heat exchanger of the coolin'g

~ system was insufficient to perform the required duty. This may not only =

have been resppnsible for the design defects but had also placgd muc{hl
resfriction 0;1 tlié pmc—ess féed l\fariation. | : .
L -' The detﬁils ;f ti1e lﬁ-odliﬁé(idelesfgn &ﬁﬁe a.nd- being rééoﬁméndeﬂ fnr. |

implementation include, maximum plant capacity of 216kg of ol and 2

total surface area of 5.74m? as compared to initial total surface area of
0.844m? and later modified to 2.614m?. These differences are much and
could be the main source of inefficient cooling in the former two designs.
Thg modified design with the largest total su rface area is gxpgpted to have B |
;nh_._llule;tlte'r coolirllg. performz.l;lce."and :;s .v;fell redu.ce the reg.trictioﬁ on-..tl.l_e _
'v'ar‘iati(-)n ofthe feeci iﬁatérials rpen" batch to maké .the pl.;mt ‘molr-el

functional, and less expensive. A provision of 2m tube Iehgth was made for

inlet and outlet extensions of the coiled tube heat exchanger. The .

- cylinderical section of the reactor vessel required 28 coils of 0.79m uniform

| dia_met_e_r and the conical section contained 4 coils of varying diameter.
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- CHAPTER ONE

| 10 -. !NTRODUCTION
o An 011 can be made solutjle in water by -reactmg it \t\flth
sulphuric acid to form a sulphated oll, a form of fatlndour. The |
reaction is necessary to break the interfacial tensions to make oill
miscible in water. Fatliquoring is a part of leather chemical ﬁnishiné o
process activity. Sulphation in this context is a process of rendering
~an ojl waterlseluble for stabl_e emulsion with the various chemicals
used tesﬁlting m a fai .v.vhjch tsill possess a negative or amomc
o chsrée when elpu.lsiﬁed. If stllphated oil -is_ used as emu]stﬁer, the_ | -
e.mulsion will be anionic and will reect aecordil.igl..y.' | |
| It is necessary to introduce lubricants (oils) into leathe'rl in the
COtll‘SG- of its manufacture because most of the fatty matters which in
conpunction with water ensure the suppleness of the hide or skin are
~ lost during processing. The processed leather will be brittle and
ltomy wnthout lubneant makmg the leather to be less useful. The

. extent of fatllquormg depends on the type of leather desued



whether for upholstery or case upper sﬁoe. A special fatliquor with
excellent emulsifying capacity and water repelling effects does not
co.nt;elin either ingrediehts sup_portiﬁg the growth of bacte;ig and
.ﬁmgi. ;)r fatty substéﬁcés that decay, ana fhey alsd do not éauée fat_
.' .-spé-ﬁrs - the application gives the leather excellenf .r.nechanic\al .;an.'d :
physical properties like water repellant effect. Natural fats and otls,
| fatty alcohol, mineral oils, and fatty acids are among commonly used
lubricants. .

The l_ocal. demand _.for .fatliquor by tanneries is high-w_ith
'- | gfcater perceﬁtage if not all is.yet .to be met by irﬁportation. The. _j .
pfgseﬁi practice o:f Itota.l aepeﬁdence on imported fétliquor 1;s ﬁ_oi
.fa\.fc:).urable to--ou_r ecdnoihy 'z:ls.:él lot of money in 'téﬁns 6f .foreigr.l- '
exchange is lost. The current economic recession in the co-untry
does not encourage im_portation, thus there is a ciire need for the
development of a local substitute for imported fatliquor since the
r%lw ;ﬁaterials are locally avatlable in large quantitigs. o

| -From the abc;\'/e devélopment, the negd fof Ia ﬁmctio.nal. piiot

- plant to process fatliquor arose as part of steps taken to



commercialize viable research results aﬁd to ﬁromote indigenous
engineering effoﬂs in chemical process technology developme;nt.
This cbnt'ribu.tion drew _attén_tion frém somé recent laboratory w’qu_- )
and ﬁodiﬁcatiori eﬁl'ort-s.to ma.ke.aln e?ﬁstin g pilbt planlt for fatﬁqﬁofl |

prbdu.ction facility more ﬁmctioﬁai. ; . .

However, the immediate motivation for this work was that the

importance of the product not withstanding, a lot of money, and =~

research efforts have been committed to fatliqour pilot plant project,
but in spite of all thesg mod;’ﬁcations, on test mnping the pilot plant
" ;v_ith up to foﬁr proc.lulct'io;l Bafchés, t_hg desifed dﬁan_tity and reaction :
..télﬁi)'ér.ature f;orl. 5 beltte;'_ prrodu'c-tion werel not met | o
Results of labofat(;»ry wo.rl(.. on fatliqour dévei;)pment aﬁd thé_
need to produce leather lubricants, fatliquor (sulphated oil) on a
semi commercial scale formed the basis for this study_. -
| There was a pilot fatliquor plant of 500 litres of fatliquor per
batch. _The_ problem with the plant was Ithat the design capacity of
thé éboliﬁg ‘ éyStefn of the plaﬁt .pl.acecl. much re.striction on the )

quantity of the raw materials to be processed. The raw material



requirement of the available pilot plant facility is 500 litres (about
two _dnuns) of groundnut oil and up to.l_OO litres of concentrated
autphmic acid per oatcn of production. T.his meant that a test runm |
Itl.lei plant costed ab.outh.S 5,000.00 presently on raw-materi ais atone,

| excluding labour, electricity and equipment depreciation coat: T.his'. |
placed a lot of conctraints on research at pilot plant scale
considering that several runs were required for research purposes,
and thes_e runs may involve huge losses of materials and other
. process 1nputs- because the concentrated acid addttron 1f not |
properly controlled and standard established through test runs mlght B
bum the o1l and give products that are not useful Thas has a lot of
.cost irnplication. Also the t'emp'erature of reaction is critical in“the
- production, and with the present facility if small alnount of feeds
required for research purposes is used to save costs, the cooling
| system 1is not extended enough to cool this amounts of raw
materials to the desired temperature of slulphati_on react_io_n_.
-Th'e.re'fore to lnaintarn temperature at desired le.ve_ll and reduce

process inputs (process variable) as much as possible for research -



pufposes, the.need to modify the plant design arose. These insight$
and the need for better production strategies at pilot plant scale waé
the basis of this work. It was against this background that this
project, "IMPROVEMENT OF AN EXISTING FATLIQUOR
- PILOT PLANT” as done.

. | The hypotlhes.;is here was that the d;:asign modliﬁcatiqn_of the
éoﬁling facility which iﬁvol?ed the extension of the surface area of
the heat exchanger of the cooling system, would reduce the cost of
raw material requirements of the test runs to a manégeable size that
would make research work more feasible and allow for long range
of variation of through-put.

This project has become very important to jﬁstify the huge
inveé.tment on the laboratory research alnd on the éxisting pilot plant
facility so far, | -

In 1993 alone, the demand for fatliquor of different classes by;
local tanneries could be put at ten million naira (Burton and
Robertshaw (1940)). The gap in demand is filled by importation.

The money spent on the importation of this chemical into the



country yearly, based on demand estimates runs into billions of
Naira.

The abundant sources of natural fatty and mineral oils that
form the bulk of raw materials for fatliquor production in the
country, makes the production feasible. Research efforts put into
the identification of needed raw materials for the production of
fatliquors of comparable quality to the imported products in the
Country have yielded good results. This shows that the use of
locally available natural oils and fats for fatliquor production gives
a good quality product.

From the above background, the project was generally aimed
at commercializing viable research results with a view to promoting
indigenous engineering efforts in chemical process industrial
development in the country. The modified plant could be used to try
production of fatliquor from other oils like castor oil, rubber seed oil
and benniseed oil apart from groundnut oil. The specific objectives

of this work could be summarized as the following;



-(i.ii)

(i)

The modification, if completed will make further

research with the plant more cost effective in terms of =~

reduction of process input variables (raw material
requirement};

Provision of wide range of variation of process input -

required of a research project, thereby making the

plant more functional,;

Towards perfgqtin g the production technology at pilot
plantl and eventually into | coﬁmer_cial large scale |
pr(.)duc.tién. in the cﬁuntfy to feduce importation;_

Towards maintaining the reaction temperature between

25°C to 30°C required to produce good quality

fathquor with excellent emulsifying capacity (stable

emulsion), water repellant effects and other good

properties like not allowing fungal growth as expected .

of a good fatliquor. .-



 CHAPTERTWO
20 SURVEY OF LITERATURE

The purpose of this is to carry out a pilot plant desigﬁ |
.mOdiﬁcation for production of sulphated oil fatliquor. The need to
| improve upon an existipg design to enhance perfoﬁnance was part
of the motivation_for It-his study. To achieve the above aims a
genéré_l lite;aturé survey of sﬁbjccts relevant and perta_ining to this
.inves.t.i.gation :Were carried out és follows: | ”

- For many centuries, the leather lubricants were inclorpb.rated
into the leather by simply smearing wet leather with mixtures of
grease and oil (OFlaherty et al (1978)). The use of oil in water

- emulsions (O/W), now called fatliquors, originated during the
- ﬁvcntieth century (Wilsqn(1941)). The early fat]jquc;r was prepared
- by emulsifying the oil in water through the use of common surface_
| _éctlive' ég.enlts. such as soap',.and/ﬁ.r th;e use of protebtive éolloids Sucﬁ |

as egg albumen, casein or natural gum. Recently, the more modemn



surface ﬁctive .aglents have come _into wide use beginning with
' su.liph.?éted fafty .oils and late.r sulpholnated.hydrqcar,bons. -

. Pr.esexjtly _twé clasﬁse..s' o.f fatliquors predorﬁiﬁated throﬁéhbtit |
the leather industry ﬁlanlll.e.lj?; o |
l the mayonnaise-type fatliquor which is an oil in water

emulsion where the emulsifier is primarily soap or soap. and

" protective colloid; |
- 2:. - sulpha_tec_l oils qf variops typés. In addition, hq_wever, some
| Qf {he neﬁer synthétlic.emu]siﬁer of the catiohic, nonionic and
L am:onic.types are béing l.lS‘;ed.fOI.' specific ‘lpurpés.es. "fhe
N procéééiné condition's both before the fatliqu.t.)ri-ﬁg oi:\érati-br_l |
and after must be taken into account in se'lecting the.l-J:mper'

- fatliquor for a particular job.

~ 21 Types of Oils Used in Fatliquoring
The types_of oils used include animal fats.an_d oils, vegetable
oils, marine oils, mellon and degauss, oil substitutes, synthe_tic

" materials, mineral oils and sulphonate.



Qils vary in.t.heir melting énd freezing points., interfacial
| tensioﬁ agéinst watér, polar (_:haracte.ristics,. viscosity, gtc.' Thé
;:éuée of thesé di.ffére;nées. 1S tﬁe chemical Sfruétﬁre of thé: ;/a.xl*ious
fafs and oils. Glycerine is the éomnion structure of all fatty oilé, the
differences among them exist in the chemical nature of the fatty
acids present in the fat. These determine its physicallcharacteristics
Whic_h_ are impoﬂant from the standpoint of fatliquoring and, in
.additio.n, determine the manner in which the oil .will react wit_h
' suli;huric acid to foﬁﬁ sulphated oils. .. |

The prbdﬁét Iforme-dl aﬁef sulphaﬁon Idetélmjnes “the
characteristics of the emulsion which will be formed from the
sulphated oil which, in tum plays animportant part in the depositio_nj
of the oil in the leather, which of course affects the characteristics

| - of the leather produced.

22 Syhthetic Lipids
- . Deslkan (1974)I in his work, "Appli(.:ati'on of Petroleum

- sulphonate” reported . that leather processing lubricants like

10



sulphated ammal and ﬁsl_l eils may be im]:lro_vedbby the use ef .'
eetlolellm sulphenate; some fatliquors now composed of sulphated
- animal oil,pe'treleumlsulphonat.e, seme coupling agen.tsland mineral B
oils combined with water can provide lcathers with Igood-amoimt:s‘
of lubrication from this combination of softening oils. Ger.mans.
- manufactured synthetic fatty substances using coal, gas and
petreleum fractions as starting materials. Research on these
- | matellals predueed very mterestmg results on leather however it
was concluded that the natural fats, 01ls and waxes were preferred
- llnless llllllSual condi'tiens like war llindered the ilﬁport of the rllaturall
nlalerials_. | | | | -

| The primary function of lubricant is to prevenf adhesion of
leather fibre and to influence the degree of fibre cohesion which
takes plaee during the drying of wet leather, fatliquors also give a
certam degree of “body" to leather (Kedlaya (1978)). Addltlonal
.. studles on replacement of fats have been reported by Gutensohn
A 1953) and Pense (1956) who mvestlgated the chemlstry of

chlorinated Fischer Tropsch hydrocarbons and their propertles as

11



fatliquoring agents; the latter products have the desirable property

of resisting bacterial attack and spew.

2.3  Production Alternative Methods
For many centuries, the leather lubricants were ihcorpo‘rated
into leather by simply smearing wet leather with mixture of greases

and oils. "The use of oil in water emulsion, now called fatliquors,

e orlgmated dunng the twentleth century (Wllson (1941))

The early fatllquors were prepared by emuISIfymg the. 011 m
water through the use_of common surface active age‘nts.such as
soap -'and/or the use of pretective eolloids such as eég allb.ulmen,
casen, or natural gums. Recently, the more modern surface activef
- agents have come into wide spread use beginning with sulphated
fatty oils and later sulphonated hydrocarbons. |

| .'fl_le processing con.ditions both before the fatliquoring
operetion épd aﬂe.r .m'iist be tekeh into accoupt m selecting the'
: pi-oper fatliquor for a panieuiar Jjob. Any gen.e.raliz'ation on t_h.el

 subject of fatliquor must be used only as a guide to the

- .12



tmderstandiné of the subject, because any change of spcc_iﬁo
conditions willl give dif.fe.relnt result. -A]l condittons must be. known |
before an optiutum fatliquoring sy's.tcm can be. detenniuect fo.r.
specific formulation for a particular type of leather. .

A sulphated product may be_ formed by esteriﬁcatiou of
sulphuric acid to an ethylenic linkage. This makes possible the

‘production of a wide variety of chemical compounds falling into the

- class of sulphated products. In fatliquoring, sulphated oils are by far o

| the most 1moonant group WIthm the anionic class from stand pomt
of commercial use. Other compounds within the class whlch are
used are sulphated fatty acids, fatty alcohols, amjdes and sulphat_ed.
esters of uaﬁous types.. R o -

'. Another method of fatliquoring of oils is the sulphonation. A

~ sulphonate and a sulphate are charactenzed by the followmg
formulas: :

~ R-SO,Na, R-0-SO,Na

(sulphonate),  (sulphate)

13



A carbon t0. sull:lhur bond in case of sulphonate clistinguial)ee _ |
it frctn sulpllate; 'a ca_rbcn to oxygen to sulphur bond. ..'l"he- pt.ccess |
.olf pfcclucing .sulplhlcnated -oil is SLllpnonation or sulphiﬁtlon to
| prccluce fatliquor. | . |
Becher (1957) discussed the theory and manufacturing of
~ soap-type emulsions.

2.4  Process Description

o .It ie exlremely ilnportant to keep in mind that the conditicns o
and methode in su]phat.inlg an oil determine the cllaracter_istics of the.__
end p.r'oductl. Slaliing wilh the.. same basic oil, it is pcssilale tc '

produce a wide variety of fatliquors by varying these conditions.

- Therefore, great care should be taken to avoid categorically

classifying all sulphated cod oils or all sulphated neatsfoot oil as B

bemg one and the same thmg Bumcke (1927) after evaluating the -
propertles cf four sulphated 011 from the standpomt if their
respect.lve analyses and thelr effect on leather concluded that an oil

'-'..cannot be evaluated on one factor.alone such as the connblned -

sulphate or total fatty matter. Instead it is the combination of all the

14



vaﬁous constltuents lnto a workal)le whole that detel‘mines ‘th.e 'lzelue
of .tlle.pal-tieular oil. in fatliquoring. | |
In geoeral, sulphated oils al'e plodueed b)l tfeotiog the oil w1th '-
a given amount of sulphuric acid under controlled conditions of
temperature, time and amount of agitation, followed by washing the'
acid and oil mixture with a salt solution to remove the excese acid.
The _Qcid salt solution is allowed to settle and is drained off. The
sol_phated oil is then éenerally neutralized with sodium, potassium
or an"ln'loniuro hydfo)lide lultil the deslrecl pl-I 1S reaehed. Follol;vin.g'
- this,. the moisture c'ont:en.t:, total alkalinily, etc .a_r.e adjosfecl tlo‘t.h.e'
desired levels. There are man.y variations on .thisl :process, all of
which have distinct effect on the end product. o
| "~ Meo and Folsom (1953) have sllmmarized the reactions
- laking place during sulphation as follows:
| ._ 1 - The preliminary reaction when sulohuric aeid react witl1 a
-fatty oil takes place on the hydroxyl group or groups if
I.present and then may be followed by reactlon at the double

~ bond and both reactions result in the formation of ester type

15



lihkages.
_' 2, ..D.lle tf; fhe p.resence. of Qater in thé reﬁgeﬁts as weﬂ és wa.té-rl' |
- lformed as a by product of estenfication or.sc.lf condensaﬁon,
a variety of compounds results, all of Whicﬁ are intermixed

with the product. - | .
3, | The investigatiohs of Stiasny and Riess (1 926); Burton and
R .Robe.rtshaw (1940), Hart (1937), and Koppenhoeffer(1939)
indiéated tﬁat a éuli)llated cﬁl is. compc;séd prii:narily Ipf. ﬁeutral
fatty matter, .coﬁsist.ii.lg .of unreactedl élyceﬁde,
unsaponjﬁables possibly diglycerides formed by reaction, . |
- fatty acids which possess strong surface active propenieé. B
5 . Analysis of sulphated oils. For routine analysis of sulphated
| ~ oils, there are in e;xi_s_tence in most countries of the world, methods
| fdr. analyéis bublisﬁéd by thé res.p.ectl;v¢ leather chemist assoc_iations.'
-. Tﬁe ”ﬁ.rst' atté:iilpt ﬁf analys_fé was on sc;paréte bomponent of fhe
| .sul'.phated oil. In recent years, the Iﬁethéd of separat.i'on of suliaﬁéted

| oil into ; |

1. - The true fatty oil sulphates.

16



2. Free fatty acids and
3. The neutral fatty orl and analyzmg is being used
O‘Flaherty (1978) on review of literature on fatllquor .

concluded as follows; the leather literature is almost eompletely -

- devoid of sound quantitative scientific information regarding the

emulsifiers as they appl_y to fatliquoring. Itis evident fromareview
of the literature on fatliquoring that many voids remain in our
knowledge of the teehnology of fatliquoring, and also that a great
| deal of eommendable work have been done by a great many
| -cornoetent. people but the sub_l.eet of fatllquorlng still offers a
challenging field for ﬁlrther research. These coneluslons are vahd

~ up to date.

2.5 The Cooling System;
The two components of the cooling system are the coiled tube |
heat eicchanger and the mixer. Survey of literature to effect

modification of these components continued as follows:- - K

17



26 Coiled .Tube ﬁeat Exéhanger Design Pr-inciples
- Power genefa.t.ion,. chémiéal iﬁdustry and other technblégies_
inbféasingly employ. coileﬁ tube heat ekchangeli. This hﬁs leéd fo
wider research on heat transfer and hydraulic drag from different
arrays of tube in a cross flow of gas or a viscous fluid. Tube coils
afford one of the cheapest means of obtaining heat-transfer surface
- (Kém-(l950)).
Although thefe are abﬁﬁdant iiterﬁtures n Pefry(l 988)on hr._eat._ .
- transfer t;laté, désigﬁ pﬁnciples e.m.d. éood Iapprc.aache's to equiﬁmeﬂt :
design, there still remains a n6t4w;ll-understodd prébiefn whlch
introduces error into every design. This is fouling from the fluids
- being processed. Fouling is the deposition of unwanted mateﬁal on .
- a heat transfer surface. Problems associated with fouling include
o ﬁna.nciall-loss due to increased energy consumption, high cost of
| _: lﬁaintenance, capi.t'ai 'Ibs.s fdr an otherwise oversized equipment,
R .d-ecree-lls'e in t'liroughpu.t.anc-i increased préssure drop.
 The traditional method ofheat exchanger.desi.gn procedure 1s

- usually to "throw in a factor” to account for fouling.

18



“ Dueto the uncertainty in the values of fouling factors used o
equipment over 51zmg as much as over 400% have been reported

(Abanum (1996)). However ratlonal de51gn procedure for heat

exchanger exposed to fouling should allow not only the forecasting o

of how the fouling deposit will build up, but also the time and the

extent to which it will happen, as well as the changing operating

| vari_ables like temperature and velocity of fluid. To give this study

a practical reievance, some of the data used were obtai_ned from_our _
o -the-. eﬁtsting pilot plant. . | |

Beek and Muttzal(l 9755 gave. the averag;e. heat transfer |

coefficient for reactor vessels with coils and other correlations as

follows:
"(Q)dc =0, ¥ .po.:-w d > & o .. (2.1
. A ¢ ‘ D D e sAL .. .
For 0.25<.d_ <0.58; 0.03< dc <0.15 and 400<Re<2x10°. .

D o D
) The standard vessel conﬁguratlon and that of the reactor vessels are

“shown in Flgures 25 and 4 5

EET)



- um m
A, = Dttt {(2.2)
L. 3 + -l— + Fouling factor............ (2.3)
U 9 Ay _

Other correlations available were applied as shown in Appendix B

. - as heat exchanger design.

2.7 | Principles of Mixing and Separation Unit Operations )

Q'uil.le'n(1954) defined mixing as that which involves

""in.ienningling of two ﬁr more dissimilar bortions of a lﬁéterfﬁl
resulting in attainment of a desiréd level of uniformity, either
physical or chemical, in the product”. The technology 6f mixing'

' covers a very wide rariée of application and the kliowledge of it is

| eﬁtl-'elmely usgful in process operations (mixing of paints, mixed
| . fértiliiérs, mény phafmaéeﬁticél products), (Bello(1993)). Mixing
- “and stirring are two cohceptions which .paﬂly ovcrlapl. Mi).(ling: .is thé

uniform distribution to a certain scale of inhomogeneities over a

- certain space. Mixing can be attained by stirring. The object of

20



stir.lring can also.be to promote heat or mass transfefs or to make
| Suspcnsion.or elhul.éioﬁI\(Beek and Muttzal(1975)). Mixing is_us@ly :
écéémﬁlishedwith agitafor rotéting inaconfined spape; The agitator
géherates high streams of liquid which in turn éntra'in' stagnant of
slower moving regions of liquid resulting in uniform mixing by
momentum transfer, | |
I_Co‘nvention, dispersion and diffusion are the three transport

me:(;h.aﬁis_ms that occur during mixing. Viscosity plays a large part
o iﬁ liqluic-l mi};ing. As ;the \fiscosity of t.h'e fluid is increased, the mixing
pfééess becdﬁies moré ﬁiifﬁéult, sihcé frictional dfag retards thé hi gh
' {/elocity stream and .conﬁnes'. fhein to the immediate vicinity of the
rotating agitator. | o

.. The selection of a particular mixer will depend among other

| _thiﬁgs, on

| _I 1 - whether Ithe-pro:(.;ess s b.ﬁtch. or continuous.

i the liquid viééosity.
o the vessel volume or the desired resideﬁce tim'e.._ o

" jv. . whether the flow is laminar or turbulent.

21



Various types ﬁf .impe.llers; are shown in Figure 2.5..Mixing
is also carned out tolprm.note intimate contact bétween materials
and\or to provide materials of new properties not necessarily présént
in the ingredients, | | |

The importance of physical properties that may influence
) nﬁxing are, for ﬂuids, viscosity, density, relative density and

| ;Iﬁséibility. Séﬁds;'ﬁtnesé, deﬁsity, relative deﬁsity, shape, stickiness

and wettability.

If power cur\}e is available for a paﬂicular sys‘ténj geometrf,
it can be used to calculate the power consumed by an agitator at
vat_‘iqus rotational speeds, liquid viscosities and densities. (Find

(NﬁE) -> power number, ¢ - calculate power consuméd).
- Additional power is réquired to overcome el.ectrical-and m:chanical
o lbsées Whiéh olccur rin ail mixing systelms. Siﬁée mixing ié an
) operation depending on flutd motion, it is lo gical. toeﬁaluate :mi.ﬁing

in terms of fluid mechanic paramcters. It has been shown by |

22



Rushton etal (1950) that various conditions of fluid motion can be
completely described by the power number, the Reynolds, and the
- Froude number, namely:

| - Np=Pp power number  }

ANDY),
Np.=D*Np , Reynolds number }' | dimensionless -
R ) groups

L - | } - for mixing
- N =DN? , Froude number | :
g .

- for geometrically similar systems it is possible to relate power,
+ gravity, size speed of impeller, density and viscosity of fluid by

means of the equation,

Ny =K (N N
where values of K, mé&n aré available for variety of mixing sitﬁation |
'- - and are listed by Rushton et al (1950).
! .N'.’ = K for fully developed turbulence (high Reynolds'
:  number; no S_wirl, no surface vortex & baffles are in iJlace). E

- and power is given by N, =K. p.N'D’

23



Power is the product of flow and head, developed at the 1mpeller

(cbVAh) which is proportlonal to the cube of speed and ﬁﬁh power

of size; therefore ¢, o ND3 and Ah o N?2D?,

Details from other literatures consulted are shown in the

appendices.

28

Important Reactions in Fatliquor Production

- Some of the important reactions that oils/fats and other

resol_ting products undergo on addition of concentrated s_ulph_uric

acid to fatty oils.

R

- Hydrolysis - _

CH; (00CR); +3HOH -» CH,(OH), +3HOOCR,
~accelerated by high temperature and pressure and catalysed
" by acid

N Sapomﬁcatlon | _

c HS)OOCRL + NaOH - C HS (OH), +3 NaOOCR
Sulphation: |

. '_ Unsaturated acid (radieals) readily react at double bono with

| strong sulphuric acid to introduce either the - 0S80, OH

24



group of, at elevated temperatures - SO, OH group.

H H H H
| l R R

- C = C - + HzSOq - ’ - |C = cl: -

. H 0S0O,H
Neutralisation with WaOH _
B | I I

- (|: = (l'_‘ —_ + NaoH —» - Cl = ¢ -

H 080.H '. - H 0SO:Na

Sulphated (tri) glyceride.

” Hydroxyl group and other reactive side group of fatty acid radical

component are readily sulphated,

H H | H H
| | | |
I P A
H oH H 0S

O:H

e. g castor oil.

L ulphonatton at elevated temperature the carbon-sulphur bond is

: formed mstead of the ester bond between carbon and oxygen of

| sulphated group at the o - posmon of the fatty acnd
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4. : Polymerisation: |

Oil rich in conjugated faity acid radicals like tung oil
polymerises very fast. Linoleic acid rich oils polymerises but
- only Qery slowly. |

Th.eogy. of Fatliquor: |

The chemistry of oiié ér faté_are synonfméus with the chemistry of
the fatty acid radicals tﬁat constitute the triply cérides sinbe .the
difference between various fatty cbm;ljonent acid radicél of the t'ﬁply
" ceridese. g. of molecular structure of Triglycerides with R, R, land
R; representing the hydrocarbon radicals (with or without sidé

groups such as OH) of the fatty acid components of the oils/fats.

H - C - OOCR,
|
H - C - OOCR,
. |
"H - C - OOCR,
I
H -

26



.A @ical éulphat_ed ._oil or fat is a mixture of Iﬁany substénc_gs, .
| alhorig aré neutral oil of fat, ffee fatty acids, suli)ha;ceci oil or fat ancl o
'fat'ltyl acids, combined f-attyz acids,.pzolymérs etc. T.llé'.fatﬁquo.r-iﬁg |
quality of any sulphated oil or fat that results from sulphatioh_
process depends to a very large extent on the products and by '.
products of such process. Sulphatability of a given oil increases
with increased proportion of H,SO, (conc) up to a certain level and
faﬁls fhereaﬁer, incréas‘e zal.so w1th time duration up to a level, and
b'ut: vﬁries from oil té c;il a'nd. sulphaﬁng conditions '(Ola.“-/al.e
~(1993)). - o
L _- If temperature goes'.beyoncl 25°C, there will be a lot of .sidé
| rxns resulting in many by products hike S0,, H,S and others there by -'

decreasing fatliquor yield and quality.
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dib = 1/3

LD = 1/3

HID =1

wld = 1/5 (6 blades)

1/d = 1/4

STS4—> T

B/ID = 1/10 (4 baffles)

Fig. 2.4 - Standard Configuration of Stirred Vessel, Beek and Muttzall (1975).

/ ~ o
7N
/ | <§-f’/ NS
\

e St 3 | 1
() (b) (© (d)
Flat blade turbine Flat blade paadle Propeller Incline blade turbine

Fig. 2.5 - Various types of Impellers, BEeek and Muttzall (1975).
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CHAPTER THREE

30 EXPERIMENTAL PROCEDURE
From .thc.e problém deﬁhition;, vafious meﬁods of Iso_l:ution | :
\;v'ere s.ugl_ges'ted and examined. Hov?ever the Qaﬁﬂus limitaﬁons_ of
some of these methods do not make them feasible.' The séop.é df E
this work may not go beyond the chosen method of solution
chtaincd in this report. Four sets of experiments were carried out
f.or. ﬂ)js work as follows;
' '3.]'. ” 'Experiment I: L.abora‘tbry | dete_i'm.ination_ of
| | tel;lﬁérature profille 'ﬁf éﬁlﬁhatioﬁ | |
r;actior'l. .'
A set of experiments were carried out as follows:
' - The first approach was to determine the temperature proﬁlé-
- _ of sqlphatio_n process at laboratory scale. This was done with the;
| . éim of getting_ the peak temperature of sulphation and using the peak
R : texﬁﬁé_rature data fo désign coiled tube heat exchanger required for .

.+ the cooling system. A measured value of groundnut oil was put in
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a beaker, and a measuréd vﬁlue of concentrated sulphunic acid was
tii:raté:d into t!le beaker, and stired. The additfon .of a;id was not
cc;ntiﬁﬁous. It was atlthe rafe of 0.25mls to 0.3ml-s at infervals of .] O
mixrm.tels. Each additibn was stirred fof 5 minutes beforé r-e_ct)rdin.gr

the température‘ and the next addition, but the actual process of

. sulphation required continuous addition and stirring of the mixture,

therefore this method may not give the correct data for the design.
- e = In the sepond_ trial the temperature records were taken when
fhé llaboratorsf air cqnditioner was on an_d off. As \_yell as in _the third
-trial the temperaturé changés .welré hoted at the séme intcrvall witl;
~ the first and second and later at intervals of 2, § aﬁd 8 miﬁutés. Stlll
there was no continuous condition as the addition had to be sfopped
for stirring and noting of temperature changes on each addition. In |
the fourth trial of this first set of experiments, the temperature was
| cpntinuously ‘rising even above the required sulphation reaction
: telﬁpérature, | meaniﬁg th_af thgre could have been other side

" reactions.
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3.2 Experiment II: Determination of temperature profile
of sulphation _reaction'gt pilot plants
f(;r test l;un one. |
. This experimeﬁt -vlvz.ls éventulal'ly adopted for uée in thi;s- design
b'eéaus.é the existiﬁ;br pilot plant facility reflecting the 5ctuai
sulphation process was used. The data got from this experiment'
were used for the design under the following assumptions;
_- _i-,'-- .___That the hea_t released by the concentrated sulfuric acid Q'
| du_ring sﬁlphatioq of the oil was the only heat of reaction, | "
. AHm\. N : '
ll . Negligible.heat Ioss-e_s.to tﬁé env.ironment..
321 Materials; |
(l) " Thirty (30) litres plastic aspirator bottle (graduated) -
(i1) | Three (3) mercury in bulb thermometer | |
(i) Plastic buckets
(iv). F ive hpl_asﬁc, I25 -I:Iitre_sl jerry c:;ms
() 180kg of refined groundmut oil

(i) 174 litres of sodium chloride solution(25%w/v)
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| (vii) .3.9 litres of sodilum hydroxide solution (20%w/vj
(viai) 54kg of conccﬁtrafed sulphuric acid 30%w/w based_on oi!.. |
fix) .- Fat liquor i)ilot plant, Figulre 3.i | | .
| 3.2.2 Procedure; : |

© Various instruments and equipment were used in the

experiment but only the main experimental set up for the run are

~ shown in Figure 3.0, Other tools used are be described in this

__ propedure. lSng of refined groundnut oil was measured into the
.suh‘)-hétio'n reﬁctc;f vegsel. ata foom témperature of 23°C. T_he__lﬁ_rst

N : 111.(‘)dli.ff1ed _.coiled .tlube‘h'éat .ex;:hangér. was used to.jcool thé o_if toa |
{;ei‘ﬁp.efat.ure of 15°C befofe the Stért of sulplﬁtébn. IThe (':(z:nloling |
water temperature in spite of the addition of ice blocks ros;é from
10°C to 12°C at start of the sulphation. The oil was continuously'.
stirred with a motorized stirrer on addition of concentrated sulphuric
acid at a feed rate of 0.25 litres per minute for 2 hours. The progress
of fc;action tenibé:rature is shown onTtable 3.1 and Figure 31 A
h maxlmum teinbefature .o-.f 4l°C was fecorded,_.bl.it..]atér-with the

~ addition of more ice block to the cooling system, it brought down
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_. the temperature to 32.5°C which was closer td the required
temljjerature of suipha_tion,l 25°C. On pompletion of the mq_uired
.additic.m of acid, st.i'rring colntinﬁéd for more than 30 fﬁinutes f;or:
h Wééhihg and'salting 611f preparations.

3.2.3 Washing and salting out;

The resulting acid and oil mixture was washed with 25%w/v
brine solution to remove the excess acid (sulphate ions). The
| product mixtqre was stirred for more than 15 minutes to allow for
prope; mixing alll.dl wﬁs éiloﬁed _to settle over night or usualfy for 3 o
- hours.To monﬁor Ithe. layer Sé_paration, éome quantity-of thé r_eéc.ﬁqn_ |
;nix:tlure was c;:)lléc;téci--in' a test f;jbe for dbse;'vati;;m- éince t};e: feactor
_- vessel was not tfansﬁérent. The adueoﬁé layer Wﬁs discarded by
draining of the settled acid salt solution. | |
- 3.2.4 Neutralization; .'
| The. top layer, the sulphated oil was neutralized using 20%w/v
sodiurﬁ hydroxide solution to a pH of 6-7, and at which the em_ulsiqn
" of &16 reaction pfodud was fairly étable in water. It took an hour .t.c;

discharge a total prbduét which Weighé:d approximately 27 Okg.
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3.3 Experiment IIl.: Determination of temperature pfoﬁle
R - of sulphation for test run two.
-  The expeﬁnﬁeﬁt I déscn’béd éﬁove was repeatled for 220kg of
oli.l- énd the réquired Wei ght olf acid. The temperature ..chal-lgé re.c01;ds
| are sh'c;wn in Tables 3.2 and Figure 3.2. .
34 Experiment IV: Determination of temperature 'profile'
| of sulphation for test run three.

The procedure for experiment Il was repeated except that
there_ were changes__ in fﬁe quanti_ty of raw materials u-sed as follow:_s;l __
| 341 MatérialQ; B | |

| (1) 15 t-ins- of 12qu; each of feﬁnéd ground-nl.lt .-01;l.=18.01;g
(i1) c-on.centfated sulfuric acid=54kg o i o

(ii1) 36kg of NaCl in 242 litres of water (20%w/v)

- ~(1v) 43 litres of 25%w/v sodium hydroxide solution.

- Acid flow rates for sulphation;
For the first 60 minutes acid flow rate was 1.51/5 minutes ~ 0.3)/min
" For the second 60 minutes was 1.01/5 minutes ~ 0.2)/min.

" The temperature changes and volume of acid used for the process B
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are shown in Table 3.3 and also Figure 3.3 shows the temperature
profile for the reaction.

Room temperature was 31°C.
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CHAPTER FOUR
40 DESIGN MODIFICATION |

4.1 Modification ofthe Cooling System Desi@
E -Expenimental method and model construction for bérametef
estimation was used for this modification. The first approach waé
, -conve_rsion of the coiled tube heat exchanger diameter of 0.055m to
| _a sn;éliér diaméter of 0.025m to get more number of coils that would
- .extend to ‘largér surface of the. reactor system. Thié Was to enable
the system to aliow fof_smailér fee(is-.as much as.pos_sib-le fora batclh
for research pur;;oséé to ﬁéke it cost effective. A 5f1iallér diaﬁéter;
0.025m stainless pipe | was recoiled and the total surface: was -
| extended. |
- On_ test r_u;ming,l it was not easy to maintain a reaction
. tlemperature of 250.(:‘. as _requireq by the process. The reaction
R tén‘.llperaturelfosé up tb 4I°C i.n. the three product_ioﬁ bétchés parried

F “out. Hence the motivation for this study was to redesign the plant_'
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cooling system to bring the reaction temperature down to 25°C or
closer to it while observing other process conditions, and as .well to
feducé 6ther ;I)Irocesls input réquired per Batch to m;ke reseafch Worlg _. :
| ‘fnor'-e feasible in the pl'ant.. Thé imlportanlce of fatliqﬁor produc\tll(;-n ih
'the (::'ountry and the hugé invéstmént of NARICT to this project aléb o
mobilized for this work. . E
To achieve the above, a more consistent _and scientific
ré_c_lésign approach o_f the Qoplin g system involving coiled tube heat

~ exchanger design was adopted as the focus of this study.

42 .Coilc.c.li"l'l'lbe Heat lEl.t-cl.lﬁnger Re-de;sign :

" Energy balance model in conjunction with -expé'ri-lll.ienjtal
method of solution was employed. The experiments were as éérliéll‘
described. B

- This involved _thé de.tennination of the heat exchanger duty
‘ émd_é éuitab]e heat ékqhanggr s.urfa_ce area that would maintain the
| ‘réa”cvt.ion temperature fdr thé sulpliation of grounﬁm_tf oil for fatliciuor

production at 25° C. The coiled tube heat exchanger was to remove
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~ heat of reaction of concentrated sulph.uric acid and oil at reaction
| tenipefature of 25°C. For lack of data on heat of reaction of the
rez.lct.antsran;:l prbddct Ic.omlpléxe;s,' tﬁé determiﬁatimi of the heaf of
r:éﬁc'fi;)n frorﬁ'tlie s.tar.lciardt heat of :fonnalition of staﬁaﬁrd heat df
combustion data was not .-possible; rather expé;lsive'and .h-ect'ici
experimental process and model construction for parz‘uﬁlétér

estimation were used.

" 43  Process MOd-tBlli[lg. -

- '-F.or lac‘k.éf défa on :the heat of réaction fdr the proces_é, the_

- _ m.odelling of the heat transfer ..[.)rocess for.: t'he;. sulphatién of
a gfdundnut oil using .tlzovncenf;ated sulphuric acid w1;th Iéoi;:lé

experimental input were used in the estimation of the ﬁrocésé desi gn.-

~ parameters.

Assumptions;
(i) - That the heat released by the concentrated sulphuric acid *Q'
during sulphatioﬁ of the oil was only the heat of reaction of

: ~ oil and acid A-Hm,.
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(i)  Negligible h”eat tosses to the environment.
| 431 Heat exchanger destgn data and duty;
o .The cltrty of .the exchanger waa to ensure that the_ reaetton ; |
t'errlperattlre for sulphat_iorr of tgrouhdmtt oil .for fatlt qttor prodtlct‘i.orr o
did not ge beyond 25°C. The heat exchang'er wae te'rehteve the heat N
of reaction of concentrated sulfuric acid with oil at a -re.aet.i.'en
~ temperature above 25°C. The inlet and outlet temperatures for the
eoolihg water are shown ih ‘Tables 3.1,3.2 & 3.3. The fluid
. preperties, densities, riscosities; thermal conductivities and specific

" heats are shown in Appendix A

44 .Design Principles for Determination of Heat of
Sulphation Reaction; |

- For an exothermic reaction, the energy required to hold the

| products of the reaction together is less than that required to hold
‘rea-etants together and the surplus energy 1s released the reverse 1s

- true of art endothermlc reactlon (ﬁrrmnelbtau (1989)) The energy

_‘ | change that appears drrectly asa result of a reactlon 18 termed heat
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of reaction, AH,,. To take account of possible energy changes
caused by the reaction, in the energy balance, in the enthalpy of

each individual constituent an additional quantity termed the

'. ‘stajn'dz.l-rd héélt (reélly enth.a.llpy) of E’LM@ AH("F). was
| Iinc:()rborated. Heat of reaction (AH,,,) can be calcﬁlated fro;ii; |
(1) standard heat of formnation data and
(i1) standard heat of éombustion data, but for lack of these and
complgx nature of the reaction mixture and products in the batch
: réactor_, the Imodelling using available experimental data was
'eml.:rloy;:d .in thi;s wﬁrk. - | |

441 Heat balalicé;‘

| The heat ba]anjcelnllethod was aphiied to éValuate AHMI for

~ the above process as follows. |

)  Withrespect to the assumptions above, the heat balance taken

 at maximum attainable temperature during sulphation, maximum

. heat duty for the exchanger, for the cooling water and the reaction
mixture for the batch process; the heat generated by the reaction

" mixture during sulbhation, AH,, 1s equal to heat taken up by the

46



reaction mixture and the cooling water . The reaction mixture
includes, sulphated oils, by products and unreacted materials for the

batch.

fOH_ = ¢ = MmCP (DT} + MCP_aT ............4.1
but -0 M"’CP T + M”CP T | | 4'.2.
L u q)H__t__t mﬁm _t_ wﬂ R .
_¢>H=¢mcpmaTm+cph,CPwaTw........;.4.3

" The heat exchanger design equation is

o, =UJaar,. ... ... 404

' The above equations were used in the evaluation of heat
" exchanger design parameters. The detailed calculations are shown

- in Appendix B.
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Motorized Stirrer

h '
iled Tub X
Eiglate E);rctllla?'tger _ O 6 E}
O S
Ok
. ®
60.15m O
E
O 2
| O °
Stirrer Blade
Ofx,
Y h
A
E
S
<
__._.Jr-—__

L |
K

0.64m

0.94m

VOLUME MEASURES ABOVE .X,

XX, = 65 Litres
X,X, = 315 Litres
X.X, = 569 Litres
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~ CHAPTER FIVE
50 RESULTS AND DISCUSSION -

5.1 Temberature Profiles of the Trial Runs

Changes in temperature for the sulphation 'plro;:ess for the
- three trial runs are shown tn Tables 3.1, 3.3, and 3.5 and Figurcé
3.1, 3'.2 and 33 These changes in temperature, resulting in rise of
o telﬁpérature of rea;:tion upto 41°C, well above process requirement | |

N of -2.5"(::‘ in spit.e-of aii e_fforté 6f mo_diﬁcation was thé motivation Ifo'r_

| .this study. | |

© The temperature recorded in Tables 3.1 and 32, slh.o.w tiléf m

spite of the addition of ice block to bring down the reaction

o temperature, it was still rising, this may indicate that the total

- surface area of the coiled tube heat exchanger was not enough for
the expected duty. It may also suggest that the mixture agitation
“was not sufficient, because there were instances where the

' temperature' of the reaction mixture were different at the top and the
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léottoms. The first coﬂﬁguration of the heat exchanger to cover
ébout ‘G of the reaclztor vessel volume as in Figure 4.3 was the
feaéon why the heat exchanger was cilaﬁged to coiled tube .ﬁea.t
éxc};anget. The three test runs SIIIIO\?;I.tl‘lat the coﬂéd tube is yét fo
bring about the required p.ro.lc'ess tempéraﬂire of 25°C. The
temperature records of the test runs show that sometimes when.i-'c:e-

' b_loc_ks were added the temperature of the cooling fluid became low,

- . yet it did not bring about the desired cooling effect in the reaction

| mixtu;jé. The stirrer and the reacﬁon vessel conﬁguration could b§ E "
part of the pll;obl'em”of ..not .hlia-ving. the requi.red_ c.oolil‘lg.éflfect.-
_ Hdﬁéver the inadequate sﬁrfaée aréa for éooling dﬁpéars fo be the

- major problem. - | | |

o ... Figures 3..1, 3.2 and 3.3 show graphically the temperaturé |

p_rbﬁle. r_esults of the three test runs. The three curves for each of the

- Iﬁg.ure ﬁre temperature against time, T, for inlet temperature profile

. .. 'of the coolant, T, thg ouﬂet temperature profile of the coolant and

- T, the reactibn rhixture temperatl-uré‘pmﬁle cuﬁ;;: Wthh is the fe;ai |

. temperature of the sulphation of groundnut oil pro'cess for
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production of sulphated oil. In the three figures, that of the
sulphation is on top of the other two curves. Under the experimental
conditions employed in, this curve explained the reaction process
better. The curve agreed with the theoretical representation of the
temperature profile for sulphation of groundnut oil. Though the
curve had several peaks, the first peaks are the highest and
represents the maximum reaction temperature. At this peak it is
assumed that this is the point of maximum heat input of the
exothermic reaction to the reaction system. At this point, the design
was based on the principle that if the temperature could be
maintained at 25°C, that at any other point in time of the reaction,
the temperature would not exceed 25°C. Theoretically, the peak
temperature of 25°C would give the optimum yield of sulphated oil,
where all the sulphated radicals were taken up by oil. Whatever
radicals that were left may result in side reactions that impaired the
desired sulphation reaction. Temperature above 25°C for the
sulphation of groundnut oil may have promoted undesired reactions

and products.
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| Table 5.1 Comparison of results of design medification recommended wnth original
' and first modified designs :

I TR L Original First Recommended
Plant Modification | Modification
(i)  Maximum capacity of - - ' '
groundnut oil per batch 216kg 216kg - | 216kg
(i)  Total surface Area of heat
exchanger _ | 0.844n7° 2.614m" 5.74m"
(i) Totaltubelength | 4.22m 35.84m 74.24m
(iv)  Internal Diameter 0.055m 0.025m 0.025m

(v}  Outside Diameter ' 0.060m 0.030m 0.030m

(vi)  Number of coils at
cyhndrical section of (.79 S
uniform coil diameter Not c_oiled 4 _ 28

{vil}  Number of coils at conical
section of very Diameter

(Fig.4.1) and (Fig.4.6) Nil NI |4
(viii)  Shape of reactor vessel Cylindrical/ _ _
Conical Same Same
(ix)  Stirrer blade = o Not |
standard Same | Same
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5.2 _ Modiﬁed Design Dimensions and Configuration
-_ _Tile modified design to -plroqess 216kg of oil maximum capacity puts the
totai siirfa;e area reduiféd .t(:.o caﬁy out.: ﬂw déﬁned duty at 5.74m2. Thg total length
of tube (stainless) of 0.025m ihtemai diaméter réquired wlas 74.24m..' A provisi'bﬁ
of a tube length of 2m was also required for inlet and outlet exténsiﬁns. :Tlie
- cylindrical section of the reactor vessel required 28 coils of 0.79m uniform
~ diameters and the conical secti.on of the reactor vessel should contain 4 coils of the
. _.St.lginlelss tube with varying diam_et_er o.f the coiled tube as in Figure 4.1, other
| ..de.ta.i.ls-.of ﬁ]e dimensions and tlie conﬁguration for the modified coiled tube heat
--ex.chan-ger :t-hat fonﬁs paft of the céd]iné sYstem are showﬁ in Figures 4.6 and 4. 1_.
g Thé br&iéion of the base coil at the conical section of ﬁie }éﬁctor veSéél is: Vefy
 important as to allow wide Véiriation of feed requirement for a batch-[-)'.rc-x‘:ess-.fér.
 research purposes. |
5.3 Comparison of Modified Design with the Former and Standard
Components_;
() | '.Hef;t exchanger surface areaﬁ | -
: Th-'e. .f.(')nncr inc]-ud.es.né'v\.r héét ex.cha‘mger.én_d the ol:cl heat ekchapgc; _c;lgsilgn._l

'.-.lbeing cc.)'mpai‘ed with the modified design under study. The total surface area for
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_ .hea.t fransfer in the Qld desigh_ s 9.8441112 and the new is 2,614m? and 5..741112 for.
.t.he modlﬁed .c.lesign. The dif.ferenccl for the three is much and could be the _l_néin
S;Dllr:(:e olf ine.fﬁcien.t éooling in the formér two. The .modified with thé lafge_est
surface area i-s expected to have a bettér cooling perfonnahce. e o
(2) Heat exchanger configuration:
The heat exchanger arrangement for the old design in Figure 4.3, does not
~ allow for larger surface area for cooling and it places a constraint on a batch feed
| ;f.-':l_riat.ion. The new and the modified design are coiled tube arrangement which
"‘allows fdr iarllger sulll‘face area i:or cobling in the pilot plagts system. Howgver, the
: modiﬁcd ina)lz. be able to c.oiol the systefn 1ﬁ0re ef‘ﬁcientl); and e.ffectivel.yl Beca_usg
* of larger surface area. . o | | | -
~ (3) Shape of reactor vessel:
o '_ - The shape of reactor vessel is the same with the three design and vessel
'_- ,. di_ménsion_s ponnpared favourably with the standard and vessel diimensions of figure
impe]ler.s-blut closer to propeller type of impeller in Figure 2.5. The type of blade
f f‘or' the tﬁfee_de_si gns are shown in Figure 4.5. There were no ba_fﬂes_ for the three
designs. -Thé implicatidn 6f this is that the- power consumptién i§ likglly to be

~ higher. However, the stirring degree for the former designs were good as shown
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during the test running experiments. This is because vortex was not much even
though the flow was laminar. Also the product of the test run showed lack of
proper agitation. Proper agitation could be achieved if baffles are introduced to the
reactor vessel and as well titrate the washing and the Neutralization liquids into the
system as against the usual pouring of measured quantity at intervals.
(5) Feed requirement constraint:

The two former design have a constraint for feed, as can be seen in Figure
4.3, that any feed below the heat exchanger facility may not be processed, as that
will amount to no cooling, since the reaction mixture may be burnt as a result of
the exothermic reaction. This does not allow for variable feed for research
purposes as a lot of material could be burnt in trial run that requires large material.
It makes the trial runs not to be cost effective in terms of process inputs. The
second design does not have the conical section of the coiled tube heat exchanger,

therefore the feed cannot be varied as much as in the modified design.

5.4 Production Process
The pilot plant production process for the old plant (1st design) can be

illustrated with Figure 2.2 and Figure 2.3 for the second and the modified design.
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In gcnefal, sulphateci oils are produced by treating oil with a given amount
| of suibhufic acid under c_ontrol_léd colnditions of temperature? time, and amq.ur'nt_of
agitatit;ﬁ. ;-Tht.are ﬁre mény variatibhs én tll1is basic l-)rqc-ess- all of wlﬁch héve a
distinct effect on the product, (O'Flahérty and Roddy (1I97-8.)). Thle re_éuits of tl-1e.
* trial runs production process could be discussed as follows: R
| (1)  Sulphation Process
The sulphation process for the two test runs for fhe plant were caﬁ*ied out
" as degcribg_d m the experimental. Inlspite of all the cooling efforts of additional ice
blocké' to .bring' aboﬁt 'the deéired témperﬁture of reaction, mammum react.l_'on
femperamrés of 41 °C ﬁnd 39°C weré recb;ded fbr the first, secoﬁd and th_iré:l runs
'fcsbect.i\}ely. The sulphation was.bo-mple.r;éd after 2 héufs in‘ each 'éﬁsg,l :
| (2)  Salting out and washing |
The salting out and washing was done, 30 minutes after the acid addition,
- with 20% wiv of NaOH, sodium hydroxide solution with constant cooling and
: agit:;tion. .‘ The washing_ lgstegl for 30 minutes m each case. The agitation and
cdoling; WP:re put off aﬁd the reactiﬁn ﬁliﬁtute was left for an hour to settle. A
. -'Salﬁﬁle \;vas..collect.ed in a snﬁall béf-lkéf to monitor the cIOml-:ole.te. laye_r.sépar;tic.m

. time since the reaction vessel is not transparent. The time interval between
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washing and the beginning of neutralization is to allow for complete layer
separation; but should not be left for longer periods before Neutralization, because

there 1s possibility of desulphation.

(3) Neutralization

Before neutralization, the bottom layer that contained water and salt used in
washing were decanted. The temperature profile of this stﬁge of reaction showed
exothermic reaction. In each of the test runs, the decant liquid showed a green
colouration suggesting possibility of contamination from pipe lines, since the
colour was supposed to be just like the salt water used for washing. pH of 6.0 and
6.5 in each case show complete Neutralization.
(4) Products

The products of the first test run was better because the emulsion was stable
and the product lubricant did not thicken after discharge as was the case in second
trial. In both cases the stored products had to be stirred again to ensure proper
agitation. However, it was noted that agitation improved, showing some
turbulence because of the increased volume of reaction mixture that made the

impeller blade to be fully immersed and the edges of the impaler helped to tear the
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liquid ap;u't. _. The emulsions \J;rere stable but t__he colour; were changing showing
deviation frorﬁ a standard fétliquof. ;Thé hﬁproper mixing may. havq resulted from
ﬁoi .-'tlitr'ati.l.-llg the wash liqui-d a-n.d tile Neutraiization reactant into ti‘ne “realct.ion-l
.mixtufe'; | Tﬁe producf oﬁtpuf in eaéh case fall short of the theoretical éxpecfétibh.
This may be as a result of the undesired reaction and product from the effect of
temperature above the desired reaction temperature.

55 Design Consideration for the Pilot Plant Design Modification.

;  The te_ét run experimental invest_i gation to determine what component 6f the
plant _was. to Be mo_diﬁed Inarrowed the faulting components to the c_:O(.Jl.in_g. system.
Howe{zer, I'there'mi gﬁt be 6tﬁér épprogéhes .to the probiem but thé fdcus ana ééépe
of this wbrk was oh.the 'Icooiih'g 's.ystém. | .: | o

The cooling system is made up of the:
o 3 . | The cooling fluid Tank;
11 - | __The cooling watér pump;
1ii. .Motorized stirrgr;
v Coiled tube heét exchanger (could be used for cool_ing.énc.l héqtiné
. but designed for cooliﬁg). . | o

- The evaluation of these components identified the coiled tube heat

63



'_ e)_cchan.ger as the oﬁe requilj_ng major design mddiﬁcatibn and sli ghf adjustment of
tl;e coﬁliﬁg Water pump aﬁd the stirrerrblades. Also idéntiﬁed to. improve the
| co.(.)ling: ;na the pféduction pro;:éss were some operationél changeg, additic.;n. of
‘wash liquid and Neutralization ﬁlateﬁals i)recisely, as wil.l be highﬁéhtg& m ﬂ1e
recommendations for remedies%..' o |
5.6 Design Modification of the Coiled Tube Heat Exchanger
The duty of the heat _exchanger is to fix the réaction temperature for
- groundn.u_t. oil Sulphation pro;:gss using concentrated sulphuric acid for fatliqubr
: _.(:sﬁlplha.tedqi_l lubricanf) ét 25'.“’.C._ The fleat exchanger is to remove the heat bf_
' rééctioﬁ of déﬁcentrated sulphuric acid and oil at a reéétion telﬁpéfauugs above
| 25°C (AHrxn at 2°C). For an e#olfh-em.)i‘c Irelactibn iike thié sulphétic;n procesé;ti'le
energy required to hold thé products of the réacﬁdﬁ togefher ié Iéss-t'hé.rl'-that
required to hold the reactants together and the surplus energy is released, the
reverse 1s true of an endothermic reaction, Himmelblau (1989). The energy change
" that appears directly asa result of alreac"r_io_n is termed heat- of reaction, AH,,,. To
_I talée_acc.ou-nt of possible energy éhaﬁgéé caused by a rea_ction? m energy balance,
-welincoﬁlaoréte .in the enth.léip.y of ;each Ii.'ndi;/idual constitueﬁt an additiénal Iq-uan_tlity

 termed tl.le.llstandard heat (really ént.hélpy) of formaﬁon, AH‘T. B
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Heat of reaction (AH,,,) can be calculated from:
- i_'.: | étandard heat of fonpa‘;ion data;

" _ 11 | Standérd he;tlof corﬁlﬁusﬁon data fof simple éubstancl:és..

h The éémplex ﬁature of sulphaféd oil lubricant n;iﬁcmre (fﬁtli(iuor), sevefal
undesired side reactions and products for the sulphation p-rocéss under discussion
and unavailability of experimental data, standard heat of formation and combustion
to evaluate heat of sulphation of groundnut oil using conc.H,SO, resulting in a
cqmplex mix;ure and side react@ons m_ade the use of above theoretical method for
| :our des'ig.n ilrllpossit;le'. | . |
| The -l-eatl{er l.lite.r-atu-re is‘.alm.c.'st comi)letély delvoi.d' o_f. sound qluanﬁ.t.z.itiye
scientific information .rege.lrdihg fhesé maferiafs as th.ey- aéﬁiytd Ifﬁtliqll-orin..g,
O'Flaherty and Raddy (1978). Rather prbceés inodelling, exp'éﬁsi\-;e and h.elct.i'c
 experimental method of generating result to estimate design parameier_é vl{féré'-u'sed
in combination. Orignally, it was intended to apply the two methods for the design
_médiﬁcation and compare results_but for lack of standard heat data for complex

.inixttirtiaé for‘the fheoret-icﬁl methg;)d.‘ The coiléd tube heat exchangeli design
o .'inodiﬁc-ati.(.)nl 1s shov‘vn..lln Figuf_ésr4.6; ;4.1 and 4.5. The dlesired_ témpérature range

. forthis reaction process is 25°C - 30°C and the modification de'sign was done using
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25°C to allow for design deficiencies of up to £ 5°C or as a safety factor. The

design calculation details are shown in Appendix B.

5.7 Ma;terial of Cﬁnstrﬁétion and Equipment/Comlpol‘l-ent'Selec'tion' _: 'I
o The critical factors fof consideration for selection of constructia.ni ﬁullte.rial. :
for the coiled tube heat exchanger are availability, cost and cofroéion. Availability
factor and cost on the high side, not withstanding 3/4" stainless steel was chosen
. _becgusg poqosion is on the high side for this exothermic process. The 3/4"
stail;léss st:eel pipe tﬂickness small enough_ as not to hamper the ﬂ_ow pf heat fré)m
the réacti-on' mix_ture to the éooling ﬂﬁid s0 as not to cause. additio.l_lal..témpgrat.me
| gradienf was selected.
The use of lead cladding to cover the inside and the outside of the feacgor

vessel is justified for safety measure against corrosion. The agitator blades were
__ _-'_ also .t_:Qvered with lead _c!acldjng for the same purpose.
| I. Realctor vessel -com ponent

. For this proc.-ess. the réactor véséel with coiled tube'he.e.lt exchanger is bcttér

- than the jacket vessel type for effective and efficient cooling. :
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2 The ;agitato:r (Ifn pelier)

The impeller ils very criﬁcaﬁ to the désign ;ince all he principal steps of the
proc.es-s req;u're agitation.l 'fhe swfrlihg of the reactioﬁ mixture was é—bsér:véd
| élspé.cially.ﬁxhen the reactor.'. -wasl not operated af full capééity. This may be due 'tlc-}

the fixed speed of the stirrer motor. A motorized stirrer with variable speed may

be preferred.

| 3. | Thé cooling_ fluid Ipump_ L . ,

| Tlﬁs pﬁmp a_lso operates at ﬁxe_d ﬂ;_JW rate and this may accoypt fér_ avery
~ high terﬁperafure gradient betwe.en the.coolanlt and the reaction mixfure. ‘[f it had
a va.riable head it would have been Bétter to ;Sbserve fhe grladie.ht.-o‘f témp‘eil'atu‘re
at varying flow rate. However, the valve's:' were .used to ﬁlake up for this Var-yil;é
flow rate which actually did not give any indication of attaining close raﬁge to the
desired reaction temperature. | |

- : 4 - Coolant tank

| The siié of the coolaﬁf tank _dbes_ not seem to constitute any problem toithe
| -ﬁroéés.s éépecia]ly for the fa-ct.' that coating ofjt.he tank does not a_lloQ fdr .e-Illergy

losses or gain. However the inlet and outlet of the heat exchanger goes to the tank,
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_but the outlet. could be separated frqm the tank by the use Qf arubber hose to mai(e
.the monif;ring qf temperaturg_,_change and the quantity of cooling water u.sedlle_ss
éiirﬂﬁersomé. ER |
5 | '.I‘If;rl-mleratuflé measuriﬁg devicé
The te;‘nperéture nie.asuremléﬁlt ié i)fesently done by ekfénding lﬁ.e;cury m
glass thermometer with a rope tied to the top of the thennométéf fo enable
it go down both the coolant tank and the reactor vessel as much as possible.
T_he temperature readings may not be reliable enough. For temperature
_ measurement_s,_é v\;idlcl-.hrange of equipment are applicable, these Iincllu_d_e_sl;
iﬁé&ﬁocoub]és, thenﬁi.s_tor;s, | resistance the-rlmometers“ and rédiatiaﬁ
pyfbméters. 'Thé teﬁpérafuré for our sy.stem.' under discﬁssion 1:5 blelowl

60°C, therefore thermocouple is suitable.

5.8 Design Modification Constraints

1. Lack of Design information on the existing pilot plant facility e

This information would have been a very good basis for the modification.
" The only information available on the plant is the facility only. There were no,

operation manuals, design details, process flow diagram or description on the pilot
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plant. In the absence of all these the modification had to start with ﬁmdamental
design principle tha; took more time and energy.
| As earlier higlﬂighted, the us.e. of t.heoretical conpept of sfandard h.eat -of
'”formatio; and 'combu.stiori. \Igvas not poséib]e for lack 6f data for the icomi:»lexI
| féaction mixture |:-)rod.uct§ '- of the p.ro.ces..s.. Provision of some of It'he.se.ba;s-ic
information could be the majo.r contribution of this work. . |
| 2. Cost of materials

: -_The high cost of m_ateria!s needed for this work was a major constraint. Thé
Ico_st of each trial run for the preliminary investigation was about N39,800.00
exélﬁdiﬁg-labour, e_l-ectricityl ﬁnd eqﬁiﬁment depreciation .coé.ts. The cést co;féred
by thatl amouﬁt are as follow-ézas.a; 1996; | . |

i | A drum of groundnut oil 220kg at N34,000.00

i, . 54kg of concentrated sulphuric acid at N45/kg | .

o 111 - 25kg of sodium chloride (NaCl) at N25/kg

v, 12k of sodium hydroxide (NaOH) at N100/kg

_ _. v.  containers of about N500 per batch of production. .
The cost .becorrlles bigger when yo-u. consider th.at .in tﬁal runs for fcsearch,

| you may not get good products for sales as to recover your i'nvestménts‘ There ére
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chances_of écid burning the whqle oils and you get no good products. This limited
thé trials to three. | k
. | A;l_so tﬁe cost of prc;curément of 34" stainless pipe on the existing facilifj
and .tl-l.e coét of coiling the pi]‘:ie.v\.fe.ls uﬁ Ito N].S0,000 as ét 1 996 So Ito-fab‘ric;a-fe t:his
modified design an estimated sum of N200,000 would be needed. -
Provision of ice blocks for the cooling of the process was a problem as the
]ﬁlants is yet to have its' own ice making machine. There was also the energy
problem as li_ght was not stéady for the production period, therefore standby
généré;[or fuel and the operét_or should be a_vailable each time pr_odqction 1s going
| 'Oh_ o _ _ S
Fin'aily, the énérgy balancé -moélel' Iused for this .'wo.rk gave Igc-m-.)d résu]t
especially in terms of reducing the ra.v\.! hlaterial requirement for a batch prOduéfioﬁ,
- since now the coil has to be extended to the conical section. This allows cooling

“even for small feed materials. -
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CHAPTERSIX =
60 CONCLUSIONS

Some years back, following the increasing demand for fatlicjuor for
production of good quality leather in the country, a fatliquor (sulphated oil) pilot
plant was acquired by National Research Institute \for Chemical technology

(NARICT), Zaria. The plant has been under- utilized for research, as a result of

3 - _iéchnical problems.

In .Isbité of a.ll.earlier mo.diﬁ(;ation éffbrfs, fhe proBle1n§ éfe yet _fo be solved.

The increasing demand for fhé prodinét, time, lﬁoney and dmourit of reéeaféh efféfts

- put into the development of this product was the motivation for this work. As a
~ result, this project was conunissioned.

) '.  Inthis study, theoretical and experimental investigations were conducted on

- the existing and earlier mpdiﬁed fatliquor pilot plant facility with a focus on

meeting ..the required process. conditions to reduce the overall cost of |

. experimentation in the plant. To achieve this objective, a consistent technical

-~ approach for the design modification was done.
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The results obtained from bench scale experiment conducted to generate
temperature profile and data for parameter estimation for the design modification
was discarded. This was because the process condition varied with the real
process insipte of all attempts to make it similar, therefore may not give reliable
results, as was indicated from its variation from theoretical stand point of view.

The results of the pilot plant test run experiment conducted for preliminary
evaluation of heat transport within the system served as a better data base for the
design modification. This is because apart from reflecting the real process, gave
the modification a practical relevance, and may give a better solution.

Other conclusions that may be drawn based on the results of the theoretical,
experimental and design modification carried out and being recommended for
implementation include:

(1)  For lack of data on the standard heats of formation and combustion for
fatliquor product mixture (not compound), and other side product
complexes, this approach could not be used for the modification even if it
was for comparison of results with the employed method.

(i)  The laboratory determination of temperature profile curve failed to give peak

temperature of sulphation for parameter estimation, because of lack of
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adequate control of temperature of sulphation. This was because

theoretically you may not attain optimum temperature if the reaction

-I:emperature goes beyond 25°C - 30°C, as other side reactions may be

favoured rather than the sulphation, and the temperature continues to rise,

~ rather than having a peak at 25°C.

| (iii)

Theoretically under controlled temperature, the sulphation curve is expected

to have a peak at 25°C, since the temperature is supposed to be rising up to

- . 25°C, when all the sulphate ions (SO,*) have been all taken up by all the oil

(iv)

v

radicals present, there will be no reaction, resulting in sloping of the curve

from peak temperature of 25°C.

The observed total surface area of 5.7m? for the coiled tube heat exchanger

from the design modification study may confirm the inadequaté cooling

~ surface area, suggested by the results of the test run experiments. Noting

that the original and the first modified designs had total surface areas of

-

0.844m’ and 2.614m’ respectively.

The extension of the coiled tube heat exchanger to cover the conical section

may ensure proper control of reaction temperature and may reduce cost of

" . experimentation, because of reduction in terms of process constraints, as
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Vi)

experiment for small feeds (raw materials) can be carried out within the
conical section, that had no cooling facility earlier than the modification.
Analysis and evaluation of results from this study permitted the deve_10pmént

of the design modification which is consistent with experimental

' 'obsérvation, and is being'recommended for implementation with a view ‘t'o

control sulphation temperature and to reduce cost experimentation.
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CHAPTER SEVEN

7.0 RECOMMENDATIONS

Based on the results of this investigations and design, the following
recommendations can be made to improve the operation of the pilot plant and as
well for future work on fatliquor (sulphated oil lubricant) production.

To rectify the underfunctioning of the pilot plant, the suggested remedies
include: :
1. Increase cooling capacity

The modified design should be constructed and the test running should be
done to test the hypothesis that the modification will fix thle reaction temperature
at 25°C. The reconstruction of the coiled tube heat exchanger will provide
additional cooling coil as established by the modified design. )

The cooling water pump should be changed to one with a variable speed, so
as to enable a selection of optimum cooling water flow rate for the cooling process.
Provision of two ice making machines to make sufficient ice blocks to bring dm;.vn

the inlet temperature of the cooling water should be done. The cooling water

should not be recycled to the coolant pot.

75



Alte.matively, a refrigeration unit could be added to the cobling system for
~ more efficient cooling.
2 | Ini;vrove_ the mixing:efﬁcigncy |

Th.is'may help to incfease tlie cooiing efficiency as well as improve the
'pfc-mldﬁ'ct: Qﬁality. This could be done by increasing the stirrer ‘sﬁeed; i_hétzﬁling

baffles and changing stirrer impeller configuration to. conform to standard

| Conﬁguration in figure 2.5. The mixing efficiency could also be improved to

enhance the process by titrating the washing and Neutralization chemicals into the

reactor rat{hcr. than _;he usual addition of measured volmpes ‘in_to the reaction

. 3 - Té'rn.i)_e'ratu'l.'e measurement el
A gooa femperétu’ré meésﬁfing device not mérbufy iﬁ glasé .t'hermoi_neter

should be provided for the féaétor, boolant inlet and ouﬂet. This will enable

keeping a valid record of temperature for proper analysis and monitoring of the

plant operation. |

4. - Utility

o 'Tw_c; shower points- sﬁould be provided to treat aci_d sﬁill cases. |

Stand by gcherﬁtor fuel and operator should always be provided to take care of
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power fai.lure, as disruptions of the process affects product quality. |

A lot of information on fatliquor mixture are not availe__lble. These inpludes
the kinetiés of the react-ion proéesﬁ, the heaé of cémbustibn aﬁd fonnqtion and heat
o.f relacltion.. :Work on any: bf | the éb;:)vé area és ﬁighly reconuheﬁdea a.s.:this ;Jvi!l
ISure]y imﬁfove the quality of literature on fatliquor. |

Also it has been suggested or documented that petroleum sulphdnate
addition improves the quality of sulphated oil and could substitute a large
. - proportion of groundnut_ oil__iri'_ fatliquor production especially now that groundriut

h oil is expensive, therefore, this is a good area for further work.
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APPENDIX A:

Table 1.0: Physical Properties of 'Some Materials Used

APPENDICES

Modification -

for the Design

Cold Water 18°C | Groundnut Oii Concentrated

23°C Sulphuric acid

o | H,S0,, 23°C.
plkg/m’) 998 940 1.8364

o koY 40x000lps | 20X 0.001PS

W(Ns/m?) o | o o

S 2 1B(T-15) S

SR 4.19x 10°) Ja© 1424 - -
Cp(J/kg°C) | o

| R 0.60 1730735 |o21x10?

K(W/m°C) R A

A=0450,B=0.007,C,=1.962.

. Source: Perry's Chemical Engineers Handbook, Sixth Edition
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APPENDIX B: Design Modification Details

From the general design equation for Heat Exchanger Design,

(PH:UA&TIm ................................................ (]1) .
(1) aT,, = MLTBL L 579 L 6la0s
" AT |- 5
- 12
5 3]
(2)  To calculate U, we apply, | _' R
1 = ___L' ot 1+ Fouling Factor ............ _(1.2)

. U :.ui . ' OCO

The average heat transfer coefﬁment to reactor vessel w1th conls was glven
by Beck and : '

Muttzal (1975) as, .

<Nw> = <a=>d =0.17Re*® P> (d/D)*' (d/D)** ....... (2)
A . .

For025<d/D<058 003<dJD<0 15and 400 <R, <2 x 105
) but for our vessel conﬁguratlon d/D 64cmf94cm 0 6 0. 58

Jd/D 25/94 0.0266 - 0.03

P = 0.3(1 ,836) + 0_7(940) =1208.8 Kg/m®
Cp, = 0.3(0.002)+0.7(0.004) = 0.0034 Ns/m?
| R, = nd? (for stirred vessel)

v,
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v = . = 00034

= 285x10°
. 12088 :
‘R, = 49x(64Px10° =  7.04x 10°
T 285x%10°

| Therefore the flow is turbulent and Re. of 7.04 x 104 falls w1th1n the range,

- 400 < Re < 2 X 105 therefore equatlon (2) 1s apphcable

Il

P - Fm i
r }\m
0.7(1,962 i/kg°C + 0.3(1 424 j/kg°C) = 18006 jkg'C
. =0.7(0.079 x 1.730735) + 0.3(0. 21xl73075) 0.0957 + 0.1090
_ = 02047  wim'C
SR = (1800.6)(0.0034) = 29.907
L '. 0.2047 L
CPOY = (29.907 = 3516
PO = (7.04x10%9 = 1769.594
Nu>=" <a>d = 0.17(1769.594)(3.516)(0.6)"' (0.0266)5

-
= - 163918

. Therefore, the heat transfer coefficient for the stirred reactor vessel with coiled
. tube,
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® = 163918x02047 = 3569 wmtoC
| 0.94

| but 11U 1/e; + Vo, + fouling factor
| Féuling factor for our system is given by Peters and Tixﬁmerhaus (1980) fo be

/5192205

for o, we apply correlation for flow 1n spiral tube,
* For the nature of flow in the tube (coiled),
Mw

‘R, = 1000x0344x0025 = 86x10° = 8600 - . ..
| I x 107 R

_ indicating turbulent region.

_CP,n, _ 419x10°x1x10°°

= - 6983
e T T, 060
P2 = (6983 = 1910
PO = (36007 = 893.046 ’

No = 004 R, P,,'”, for pipe with smooth walls.

Ny = 0.04 (893.046)(1.910) = 68229 = -
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but if a circular pipe is wound fo a st)iral (diameter 2R), the heat transfet'
coefﬁc1ent compared to that of a stralght tube is mereased bya factor of (1 +35
D/2R) if 10 < RJ2R/D)”2 <200, due to the occurrence of systematlc eddles |
Dlameter of the tube, D =0.025m and splral dlameter, 2R = 0.84m o |
(2R/D)"? = (0.84/0.025)'%= 5.797 | |

So, R/2R/D)"2 = 8600/5.797 = 1483.641, fails outside the range 10 <R /2R/D)"?
- <200, therefore the heat tranefer coefficient i1s not increased by (1 + 3.5 D./2R)
.faetor lmplymg that there was no systematic eddies. |

NG, 68209X060 |
GG T oozs D 1637496w/m

- Ve + M + | 1/519.2205
LS 1637496 + 13569
U = 00006 +00280 0028619
U =~ 10028619 = 34942
-_ (3) ASSUMPTIONS;
. (i)" © That the heat released by concentrated sulphuric acid during
| sulphation Q is_ only the heat of reaction, AH,,,
o (i) | Neghglb]e heat losses to the enwronment then takmgaheat balanee ,

o at maximum attamable temperature during sulphatlon for the coohng
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water and reaction mixture for the batch process, the heat. generated.
I_ by the reaction mixture during sulphation, AHm=heet ta_kel_l up by the

i'eactioe mixture. aed the cooling water. The reaction mi:lcture include,
| | su.lpheted ofle, by. eroduefs and unreacted meteriale fof Ia.i)a'tclh;
 therefore Q = AH,, = MmC,, (ATm) + MwC,,, (ATw) N
) eﬁt. o (pH Q/t M ItC, (ATm) . M./t C.. (ATW) .
C @u=Qi= (p,,,'i:pm (AT,) + Mt C,, (AT.)

(pH = (pm Cpm (ATm) + Mw/t pr (ATW)

Py (234)/10200 (1800 6)dl- 15)+300/10200 (4180)
(30-12)34.942 | B

Q= (1074.0 + 63.33)J/S = 1137.33)/S -

| but (pH = UASATLM )

~ - A=@yUAT,,, = 1137.33/34.942 x 6.805 = 4.78m’

- SCALE UP~ | o
180 Kg of oil requires 4.783m’ surface area coiled tube heat exchanger

* Therefore design for 216 kg oil capacity requires
- 216/180 x 4.783m?%/1 = 5.74m?
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As = 5.74m?

. mdLen=A, | _
 n=S5.74/1(0.025)2.56) =  28.548 coils
- _. o S = <29 coils
Total length of coils réquiréd _— 29 x2.56m

o= 74.24m

These coils are to cover the cylindrical and the conical sections of the
reaction vessel. The cylindrical section should take 26 coils of length 2.56m at a
clearance of 50m from the walls and the conical section to accommodate the

remaining 7 coils at varying diameter.
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Appendix C1:

Table 3.1: Temperature Profile of the Sulphation Reaction for the
First Test Run in thePilot Plant.

Time't' Volume of acid used
(Mins.) | from aspirator at

0.251/min. | Actual

Control Reading | T, (°C) T, (°C) T, (°C)
0 0.00 0.00 10 15 15
6 1.500 1.44 13 15 17
15 3.75 3.60 17 18.5 17
30 7.50 7.20 17 18.5 21
45 11.25 10.80 18 20 27
60 15.00 14.40 23 26 34
75 18.75 18.00 27 30 38
90 22.50 21.60 27 30 4]
105 26.25 25.20 23 25 325
120 30.00 28.80 27 29 33
135 33.75 32.40 29 31 37
150 37.50 36.00 24.5 26 355
165 41.25 39.60 28 30 37
180 45.00 43.20 24 26 38

T, = Inlet temperature of coolant

T, = Outlet temperature of coolant

*T, = Temperature of reaction mixture.
Room Temperature = 23°C.
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Appendix C2: |

.. Table 3.2: Temperature Profile of Neutralization Reaction at 10 Minutes

_ : Intervals. : -
- Time (mins) 10 20 30 40 -
TC) - 16 22 23 24
T,(°C) 16 22 23 24

*TC) 27 34 34 30
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- T, = Inlet temperature of coolant

Appendix C3:

Table 3.3: Temperature Profile of Sulphation for the Second Test-Run. |

Time't' Volume of acid in ’ “ '
{Mins.) | aspirator at 0.25}./Min *
Control,,, Reading, ' : ' -

1. T, (°C) T, (°C) T, (°C)
0 4.0 4.0 15 17 22
5 5.50 55 15 118 19
10 7.00 75 16 18 : 27
15 8.50 9.00 17 19 28
20 10.00 13.0 17 19 29
25 11.50 13.8 17 - 19 29
30 13.00 15.5 18 20 31
33 14.50 18.00 e . 22 131
40 16.00 20.00 21 235 33
45 17.50 20.50 22 24 33
50 1900 . 21.00 22 24.5 33
55 20.50 220 23 ’ 25 | 34
60 22.00 225 214 25 34
56 23.50 23.10. 21 24 34
70 25.00 24.00 22 - 24 34
75 26.50 24.50 23 25 ' 35 S
80 28.00 25.50 23 255 34 : o
85 29.50 26.00 24 o 260 35 F .
90 30.00 31.00 21 1255 38
90 26.50 25.00 20° 124 36
95 28.00 26.00 20 123 36
100 29.50 31.00 19 - 22 37
108 31.00 34.00 19" |22 | 37
110 lg . %% } 3R
115 - - 1 - 38
120 - 20 22 =J 36

* T, = Outlet temperature of coolant
T, = Temperature of reaction mixture.
+ = Addition of ice block

- - = Addition of acid.

. Room Temperature = 27°C.
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Appendix C4:

Table 3.4: Temperature Profile of Sulphation for the Third Test-Run.

Time't' Volume of acid used at
(Mins.) | 0.3//min and 0.2)/min

Control(f) | Actual(?) : S “

T, (°C) T, (°C) T, (0

0 1.0 1 1.0 17 18 21
5 2.5 2.0 17 i8 23
10 4.0 3.0 16 18 : 24
15 55 35 15 18 : 25
20 7.0 4.5 16 20 |24
25 85 6.0 18 20 |25
30 10.0 9.10 19 20 ‘ 27
35 11.5 10.5 20 21 29 _
40 130 11.8 18 21 ' 30 - o
45 14.5 12.8 17 20 |31 . fo .
50 16.0 12.5 18 20 31
55 17.5 14.6 17 _ 21 35
-60 19.0 18.00 16 20 1 31
65 20.0 19.6 16 20 32
70 21.0 1212 17 20 0 |33
75 22.0 1223 16 20 ] 33
80 23.0 ) 24.0 16 20 - 135
85 240 254 - 17 19 | 37
90 250 . 26.42 16 19 - - }39
95 26.0 . 26.24 15 18 - F39
100 270 27.0 15 19 38
105 28.0 1292 . 17 20 . |36
110 290 . 30.6 18 20 40
115 30.0 : 31 : 17 20 . 38
125 31.0 L 117 20 - 139
130 320 - Y. |18 20 - {40

T, = Inlet temperature of coolant
T, = Qutlet temperature of coolant
T, = Temperature of reaction mixture. -
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