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ABSTRACT

Over the last fourteen years of Dangote Sugar Refla existence, sucrose in the final molassesimoes to be a
source of major financial loss to the company. Ttigdly aims at rectifying this anomaly. Samplesnfdifferent
stages of the refining process were analyzed. nslmaark ‘Target Purity Formula’ which is a functiaf Reducing
Sugar/Ash ratio (RS/A) was considered as most apjate for assessing the degree of molasses exbaust
achieved. Reducing sugar and Sucrose were analyziad the ICUMSA recognized Lane and Eynon methiod.
results indicate that RS/A in the final molasseseweo high compared to those determined in thd, mkdrified,
decolourized and fine liquors. RS/A values for tin@l molasses were substituted in the various eangurity
formulae proposed by different authors. ASI 1998egthe best fit at the refinery’s conditions, suiopg that it is
the most appropriate to quantify molasses exhaunsttdghe refinery.

Key words: Exhaustion, Molasses, Purity, Sucrose

INTRODUCTION

The purity of molasses is a very important proaesgable in table sugar refining. It is a measafréactory sucrose
loss. This loss has a direct and significant impacthe profitability of the factory given the maagy value of table
sugar. The presence of ash and reducing sugassirgicfor major impurities in molasses [1]. Redgcbugars
(Fructose and Glucose) are formed as a resultwofld and high temperatures involved in the refinmmgcesses.
Ash content of molasses is increased due to Mdili@action in which reducing sugars react withraomitrogen to
give brown colour in a non enzymatic reaction 324, 5, 6). The four conditions necessary forlad reaction to
take place are low purity and high brix of the nemsste, presence of nitrogen compound(amino eaid) high
operating temperature [7, 8]. Reducing sugars dser¢he solubility of sucrose in molasses, whiletimorganic
components, which constitute the ash, tend to asmre¢he solubility [9, 10].

Target purity (or true purity) is the lowest malas purity realistically achievable in a factoryarget purity
equations reflect the dependence of limiting oiroptn molasses exhaustion on the ratio of two factothe ratio
of reducing sugars content to ash content (RSR/A is used as the criterion for molasses exham&tecause it is
the only parameter that affects final molassestypuhiat cannot be controlled [11]JA number oftarget purity
equations have been proposed in the past [12,13, 14, 1517]6. The aim of this study is to determine appiaip
Target purity formula that can be used to quantifylasses exhaustion at the Dangote Sugar Refikeyapparent
purity concept,used at present, is considered ficgrit to quantify the degree of molasses exhaunsti
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MATERIALSAND METHODS

The Dangote Sugar Refinef®SR)is the foremost Sugar Refinery in Nigeria. At filent, the sucrose available in
the liquor is crystallized in several stages, caned at descending purities. This is becauseitjuwr becomes
more and more exhausted of sugar and crystallizdiezomes more difficult, since the non- sugarthaliquor
inhibit sugar crystallization. The sugar in thevrsugar typically makes up 98% to 99% of the digstlsolid. The
final molasses in the plant has sucrose contebebfieen 40% and 45%, which always translate to dstwi5%
and 20% of the entering raw sugar. The true pysiticrose/dissolved solids) of the final molassethénrefinery is
also between 45% and 60% as against the 35% andrdbgé that are obtained in places like South Afaad
Louisiana.

Sampling

Sampling points for the study are indicated in Fégt below. Three sets of raw melt and the liquamples
(clarified, decolourized and fine) were taken ab thour interval and composited. Final molasses sesnpere
collected from the sampling point of the continugestrifugal machine. Three sets of final molasseaples were
collected at two hour intervals composited and yareal.

Raw Melt and Liquors Brix
Dilution 1:1 by weight was carried out with waterdathe Brix measured directly on the refractometer.
Brix = Refractometer reading * Dilution factor 1

Exactly 160 g of liquor or melt was weighted int@@mI Kohlrausch flask and made up to mark wistilied
water.
The solution was properly mixed and titrated agatehling’s solution

RS =

Fehling's Factor *100 2
Conc.(g/ml)«* Titre

Where concentration = 0.8g/ml and Fehling’s fafbotthe Fehling’s solution used is equal to 0.053.

Raw Melt and Liquors Ash Content
A quantity of raw melt or liquor equivalent to 580k grams was weighed into a 100ml Kohlrauschikflasd made
up to mark with distilled water.

The conductivity (micro siemens/cm) of the solutiwais measured against distilled water.

%Ash = {Sample reading - Water reading} * 0.9 = 0.0018 3

Raw Melt and Liquors pH Measurement
The pH of the composite melt and the liquor samplas measured directly using a pH meter.

Final Molasses pH
Final molasses pH was determined using a suitaigrated pH meter.

Final Molasses Brix
Composited final molasses samples were diluted distilled water in the ratio 1:1 by weight and rthaghly
mixed. The resulting solution brix was read dingcth the refractometer.

Brix = Refractometer reading * Dilution factor 4

Final Molasses Pol

Twenty-six grams of the 1:1 diluted sample is weighin a 200ml Kohlrausch flask and diluted to votumith
distilled water. The solution is then transferredatglass jar and two teaspoons of Octapol aredadde sample is
shaken well filtered and read on the Saccharimetigrg a 200mm tube.
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Pol = polarimeter reading * 4.4 5

Final Molasses Apparent Purity
Final molasses purity is given by

Pol 100
Brix

Final Molasses Reducing Sugar
Reducing sugar determination in the final molagsdsased on the reduction of copper under standandition
(Lane and Eynon constant volume method).

500
Titre

RS =

Final Molasses Sucrose
Total sugar was determined as invert after thersiga of sucrose with acid (and heat treatmentg ditiference
between this value and RS (determined on anothéiopaf sample) gave the percentage sucrose.

2000 =*0.95

Total sugar (as invert) = prev—

Sucrose = Total sugar - RS 9

Final Molasses Ash Content
Determined directly using conductivity meter

Calculation
% Ash = {(Sample Reading - Water reading) = 0.185 % 0.084} + 0.8 10

Final Molasses True Purity
True purity is estimated as

. Sucrose 100
True Purity = ——— 11
Dry Solid

Where Dry solid is estimated from the respectivex land pol results of the final molasses using Hsbiek
correlation given as

DS = brix* (1 — 0.00066 * (brix — pol)) 12
Final Molasses Target Purity

Reducing sugar to ash content ratio results gdttem the analysis of the reducing sugars and therchéned ash
will be substituted into the target formulae eqorasi proposed by Rein & Smith 1981; Smith 1995 aBd 1993.

Rein & Smith 1981 33.9 — 13.4 log(RS/,) 13
Smith 1995 431 —17.5[1 — exp (=0.74RS/A)] 14
ASI 1993 42.4 —12.3log (RS/A) 15

The target purity formula that gives the reasonadget purities within the reasonable range oiveen the range
of 35 and 40 will be adopted.

Final Molasses Target Purity Difference (TPD)
Target purity dif ference = True purity — Target purity 16
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RESULTSAND DISCUSSION

RYA

Reducing sugars to ash content ratios for clariiedolourized and the fine liquors were very clbsé a sharp
increase was noticed in the final molasses as shoviigure 2. The high final molasses RS/Ash didative of
poor molasses exhaustion, of poor sucrose recokenpoptimum operation and good molasses exhaustmrstant
RS/Ash content ratio should be maintained througlioe refining process. The results of the studydemted by
[11,15] are in conformity with the present confitina that purity of exhausted molasses is stroumiglpendent on
the Reducing Sugar to Ash ratio.

pH

Final molasses pHs were observed to be on the I¢aeoitic) side. Figure 4 illustrates the pH prefif the plant.
Lower pHs cause sucrose inversion and this woufiaéx the high RS values determined in the finalasses
samples [9]. pH measurement will enable decisioheé made regarding the next stage of productieip, to pin
point areas of problem and assist the sugar téodists to effect necessary corrections.

Target Purity and Target Purity Difference

Foster (1960); Bruijret al. (1972); Matthesius and Mellet (1976); Rein and t8n1981); Audubon Sugar Institute
1993; Smith 1995; and Millezt al,1998 modeled target purity to obtain the equationsgmted in Table 1. These
are some of the target purity equations that haes Iproposed.

RAW SUGAR
A B
MELTING » CLARIFICATION » ION EXCHANGE
AND FILTERATION DECOLORISATION
AND FILTERATION
C
MOLASSES —— D
\ 4
CENTRIFUGATION [« BOILING AND < EVAPORATION <
CRYSTALLIZATION
E
A A — Melt Liquor
DRYING AND B — Clarified Liquor
FINAL MOLASSES BAGGING
C — Decolourized Liquor
l D — Fine Liquor
REFINED SUGAR E — Final Molasses

Fig. 1: Process Flow Diagram of the Refinery indicating the Sampling Poi
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Fig. 3: pH Trendsin the Various Refining Stages

Table 1: Target purity equations proposed in the literature

Reference

Equation

Foster 1960

Miller et al.,1998
Bruijn et al.,1972
Rein & Smith 1981(a)
Rein & Smith 1981(b)
Smith 1995

ASI 1993

40.7 — 17.8log(RS/A)

39.4 — 10.6log (RS/A)

39.9 — 19.6log(RS/A)

37.7 — 17.6log(RS/A)

33.9 — 13.4log(RS/A)
43.1-17.5[1 — exp(—0.74RS/A)]

42.4 — 12.310g(RS/A)

Source: Rein (2002)

RS/Ash value of the final molasses were substitinamthe target purity formulae of Rein and Snii#81; Smith
1995 and ASI 1993. From the available resultdigure 4 and the Appendix , Rein and Smith 198@deapurity
formula gave the average target purity for the Fmalasses to be 27.83 and the target purity diffee (TPD) of
between 17.76 and 24.05. Smith 1995 target puoitsnfila gave an average of 27.83 for TPD range dfdoen
18.58 and 25.29. Audubon Sugar Institute Targettypformula (ASI 1993) is thereby considered tothe most
appropriate for the Refinery. This is premised lo@ flact it was expected that the purity of thelfimalasses of the
refinery to be within the range of 35 and 40. Ay&rpurity range of between 35 and 37 was obsarsid) the ASI
target purity formula and this confirms its apphdiy to the Dangote Sugar Refinery situation. Hwer, using this
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formula (ASI, 1993) still gives the TPD range towithin the range 9 and 17. The high TPD valuesi§jgooor
molasses exhaustibility and high sucrose lossarfittal molasses.

39 1

37 1

351
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x
E 33 —&— AS| 1993
LI'_.I —X¥— SMITH 1995
8 —A—REIN & SMITH 1981
<
31
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;:;\ﬂ\ﬁh‘&ﬁ
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HK—K—X

25
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RS/ASH

Fig.4 : Comparison of Target Purity Formulae with RS/A Valuesfor Final Molasses

The dry solids were not measured but were infefrech the brix and pol values using mathematicarelation
(Hoekstra's correlation). However it is unlikelyatithis simplification affects the true purity byore than one unit,
within the accuracy of the whole determination.

Target Purity equation is considered as a benchimeckuse
i. the most accurate and reliable measurements - AadeEynon method [21] was used to determine reducin
sugars.

ii. the concept been used extensively in Southern &fAcistralia, Cuba, Swaziland, Zimbabwe, LouisidRenion
Island and other countries for years, and has balble under all conditions [1, 18,19,20].

iii. [Ja recent survey of molasses from around the wdrtdvs TPD values for well exhausted molasses imdhge
of 3 to 7 units [20], in the expected range, coniing its general applicability. The use of ASI 39& Dangote
Sugar Refinery gave TPD of between 9 (which arsecto the value for well exhausted molasses) and 17

iv. at present, ASI 1993 is most appropriate becaugA Bitainable at DSR is between 3 and 4 which giite the
desired target purity of between 35 and 40. Otlagdt purity formulae could be applied in countridgere RS/A
is less than 3 to achieve a target purity of betwgfand 40.

CONCLUSION

Final molasses of the DSR are not well exhaustéld reference to the high purity values and the légbet purity
difference values obtained for the samples analysee appendix). Inversion of sucrose to reducigass occurs
mostly in the boiling house of the refinery as auteof the operating temperature and the acidic A¢h content
rise was also noticed in the final molasses. Effoot reduce molasses purities would be assistedebyral pH
maintenance throughout the refining process. The taeget purity formula (ASI 1993) seems to repnesthe
Dangote Sugar Refinery conditions.
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Efforts should be made to reduce the Reducing SagdrAsh content ratio (RS/A) at the final molassed by
monitoring and maintaining low RS/A values throughthe boiling and crystallization stage. Doublthg cooling
of the Massecuites will help.

Optimum pH should be maintained throughout theniej process so as to reduce sucrose inversiomealude the
prevalence of Caramelisation reaction especialti@tlarification stage. This would be achievedhsyinstallation
of tight pH control systems.

The improvement of ‘A’ Massecuite exhaustion shoboddpursued as this will have a positive effectttom final
molasses purity and the TPD value using the praptaget purity formula (ASI 1993). ‘C’ Massecughould be
cooled immediately after dropping the strike (befouring) in order to maximize ‘C’ sugar recovery.

High massecuite brix at the boiling house shoultdbgeted at all times. Lower operating temperatfiem melt to
sugar or final molasses should be strived forlatraés. Molasses back blending may also help.
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Appendix
Final M olasses Compr ehensive Analysis Results

Parameters Day 1 Day 2 Day 3 Day 4 Day5 Average
Brix 88.4000 86.7200 87.2200 86.0600 88.0000 871280
pH 5.3000 5.6000 5.8000 5.1000 6.7000 5.7000
Pol 43.880( 60.040( 46.320( 35.000( 46.840( 46.416(
Apparent Purity 49.6380 69.2343 53.1071 40.6693 258 53.1752
RS 24.2000 26.5000 26.4000 23.7000 28.5000 25.8600
Ash 6.240( 7.630(  8.210( 6.200( 7.400( 7.136(
RS/Ash 3.8782 3.4731 3.2156 3.8226 3.8514 3.6482
Sucrose 39.4000 44.5000 40.1000 37.6000 40.4000 4000.
Dry Solid 85.802! 85.193( 84.865¢ 83.159¢( 85.609: 84.926:
True Purity 459194 52.2344 47.2512 452141 47.19147.5620
Target purity (ASI) 35.1600 35.7400 36.1600 35.24085.1900 35.4980
TPD(ASI) 10.7594 16.4944 11.0912 9.9741 12.0011 0640
Target Purity (Smith,1995) 26.5900 26.9400 27.22026.6300 26.6100 26.7980
TPD(Smith,1995) 19.3294 25.2944 20.0312 18.5841 580  20.7640
Target purity(Rein & Smith,1981) 27.3400 28.1800 .7280 27.4500 27.3900 27.8260
TPD (Rein&Smith,1981) 18.5794 24.0544 18.4812 14176 19.8011 19.7360
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