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Abstract—Biodiesel production results in glycerol productias
the main by-product in biodiesel industry.One & tltilizations of
glycerol obtained from biodiesel production is asement grinding
aid (CGA). Results showed that crude glycerol conteas 40.19%
whereas pure glycerol content was 82.15%. BSS \afitiee cement
with CGA supplementation was higher than that ofn-no
supplemented cement (blank) indicating that CGApteipented
cement had higher fineness than the non-supplechente. It was
also found that pure glycerol 95% and TEA 5% atC3@fas the
optimum CGA used to result in finest cement withB&alue of
4.836 cm2/g. Residue test showed that the smalkrsent residue
value (0.11%) was obtained in cement with suppleat&m of pure
glycerol 95% and TEA 5%. Results of residue tesfiomed those of
BSS test showing that cement with supplementatfgouoe glycerol
95% and TEA 5% had the finest particle size.

Keywor ds—biodiesel, cement grinding aid, glycerdlatropha
curcas

|. INTRODUCTION

OR the last few years, biodiesel industry in Indoadsas

been growing rapidly to overcome the increasingrggne
needs in the future. Indonesia’s high dependencyfush
amidst the reducing fossil fuel reserve has be¢sipated by
the government through the
Regulation No. 5 Year 2006 on National Energy Bohod
Presidential Instruction No. 1 Year 2006 on the (Bymnd
Utilization of Plant Oils as Other Fuel. Increasibiodiesel
production has resulted in an increased glycerotipetion as
glycerol is the main by-product of biodiesel indystin
biodiesel production, 10% (w/w) crude glycerol islgted [1].
It was estimated that an increase in biodiesel ywtiah may
lead to an increase in glycerol production by 116 In
2010, the price of glycerol may go down from $005%$0.35
per pound. Price reduction and production increaag result
in glycerol having no selling value. The utilizatiof glycerol
resulted from biodiesel production is facing grehallenges.
Effective conversion from glycerol into specific caruseful
products is potential to avoid environmental pratdecaused
by glycerol waste and improve the efficiency of diesel
production.
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issuance of Presidenti@thylene glycol,

One of the utilizations of glycerol obtained frorodiesel
production is as a cement grinding aid (CGA). CG#e
supplementary organic substances (gas, liquidolat)sadded
into the mill at low dosage (0.01-0.05%) during e&in
particle grinding process. CGA improves the efficig of this
grinding process, reduces particle size, and redenergy use
without impairing cement performance [3]. The uS€GA in
cement production process brings some benefitsidintg the
improvement of separator efficiency to improve cetme
production per time unit, reduction in agglomenatjrocess,
cost saving as cement production process takeseshane,
and energy saving [4]. The effect of grinding aids been
explained mainly by two mechanisms. One is theratiten of
the surface and mechanical properties of indivichaticles,
such as a reduction of surface energy, and ther aghthe
change in arrangement of particles and their flowtspension
[5-71.

Some common materials used as CGA include
triethanolamine (TEA), mono- and diethylenglicol EB),
oleic acid, sodium oleic, dodecylbenzene sulforéd,aand
sodium lignosulfonic acid (from paper industry) ,[3ugar
cane baggase ash [8], beet molasses [9], triethamod with
potassium hydroxide [10], dihydroxy compound class
propylene glycol, and polypromde
glycerol) [11], phenol, glycol, and alkanolamin&]lalcohols
and glycols [13], fatty acids [14]. Katsio&t al. [15] also
investigated the impact of some various cementdgrin aids
such as triethanolamine hydrochloride, triethanatem?2,4-
pyrimidinedione, 1,1',1"-Nitrolotri-2-propanol (TH), 1,1-
Iminobisi-2-propanol  (DIPA), 4-hydroxy-1,8-naphtdige,
benzene, and benzenamine on grindability and cement
performance.

Glycerol resulted from jatropha biodiesel industmas
similar physical and chemical properties as monod a
diethilene glycols (DEG) making it possible to asta CGA.
Paten [16] claimed that the CGA they used compagetD-
30% water, 10-80% trieathanolamine, and 10-80% eghjic
However, the water contained in CGA made cemertices
easy to coagulate. Therefore, an attempt was nadsilize
glycerol resulted from jatropha biodiesel productin a
composition of 85-100% glycerol without additiomedter.

In general, the study was aimed at utilizing glpteesulted
from jatropha Jatropha curcas) biodiesel production as a
CGA. In specific, the study was aimed at purifyigigcerol
resulted from jatropha biodiesel production, obtajnthe
most appropriate condition for CGA production, aaining
the best formulation for the production of CGA frajycerol
resulted from jatropha biodiesel production.
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Il. MATERIALS AND METHODS

A. Materials and equipment

Materials used in this study included jatropha seed

obtained from Indramayu (West Java, Indonesiajkeli Plan
4 from PT Indocement Tunggal Prakarsa Cibinongoiedia,

and synthetic gypsum. Equipment used included Q@201

Shimadzu gas chromatography—mass spectrophotoii@atr
MS), manometer, 45 pum cylindrical sieves, and a dfet
grinding machine.

B. Scope of Sudy

The study was conducted in four stages. The fiegjeswas
the preparation and purification of glycerol fronodiesel to
produce pure glycerol. In the next stage, charietion and
concentration determination of crude glycerol andifigd
glycerol were done by using a GC-MS. In the thiaye, CGA
preparation in various temperatures and triethaniola (TEA)
concentration was conducted. The temperatures 8@rend
90°C and TEA compositions were 0, 5, 10, and 15P& [ast
stage was product characterization by a blaineifspsarface
area (BSS) test and a residual test.

C. Purification of Crude Glycerol

Phosphoric acid 5% (v/v) was added into crude gbjce
The solution was stirred with a magnetic stirrar36 minutes.
The resulted solution was left for 60 minute uttiilee layers

The resulted product was then characterized by B&b
residual tests.

TABLE |
CGA PREPARATION CONDITIONS
Glyc_e_rol Temperature comTpEoéi tion
composition (%) (°C) %)

Sample 1 100 80 0
Sample 2 95 80 5
Sample 3 90 80 10
Sample 4 85 80 15
Sample 5 100 90 0
Sample 6 95 90 5
Sample 7 90 90 10
Sample 85 90 15

Ill.  RESULTSAND DISCUSSIONS

A.Glycerol Yielded from Purification

Elimination of impurities from glycerol can be dohg the
addition of phosphoric acid. This acid reacts wthtassium
hydroxide catalyst remains to form potassium phasplsalt
(Figure 1A). Methanol remains that do not react d¢an
eliminated by heating glycerol at 65°C, a tempeeaai which
methanol evaporates. In addition, phosphoric acidverts

were formed. The bottom layer was a solid potassiugbap back into free fatty acids (Figure 1B).

phosphate salt, the middle layer a glycerol, ardttp layer
fatty acid remains [17]. The top and middle layersre

separated from the solid bottom one by filtering golution

through a Buchner funnel. The resulted filtrate waparated
by using a separation funnel and the bottom layss taken as
pure glycerol.

D. Glycerol Characterization

Purified glycerol was characterized by using a GS-&hd
glycerol concentration analysis according to SNI1G64-
1995. A Shimadzu P2010 GC-MS instrument with a cipa
of 50 scanning frequency/second was used. ArP-RMS
(melted silica) filled with 100% dimethyl polycileax was
used. GC-MS analysis was conducted by using didtilvater
and helium carrier.

E. CGA Preparation

CGA preparation was conducted in varieties of terpees
(80 and 90°C) and triethanolamine compositions huit
TEA, and with TEA of 5, 10, and

residue were subjected to a Duncan Multiple Raregt. TTGA
preparation conditions are presented in Table 1.

F.Product Characterization

The resulted cement was characterized by BSS aniiied
tests. The tests were conducted by putting clii@ér5%) and
gypsum (3.5%) into a grinding machine of 3.5 kgamity. In
this machine, grinding and homogenization were dones0

15%). A complstel
randomized design was used. Data of BSS values%nd
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Fig. 1 Reaction of potassium phosphate salt (A)fegrlfatty acid
formation (B)

It was found that the addition of phosphoric acitbicrude
glycerol resulted from this study formed 3 layeffs noass
distribution percentages as follows.

a. Top layer (FFA) (38.98%), solid in room temperature
b. Middle layer (glycerol) (40.34%), liquid.
c. Bottom layer (kPO salt) (20.68%), solid.

The mass distribution percentages obtained irsthidy was
presented in Figure 2. The figures were differeoimf the
previous study that obtained mass distribution @etages of

minutes. Cement was produced by using CGA and glce haim hased biodiesel of 33.9% glycerol, 10.5% fattjds,

p.a. of about 0.05% (w/w) and without any CGA (ldan
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and 65.2% salt [18]. These differences might beseduby
different fatty acid compositions of jatropha aralmp oil. In
addition, the amount of catalyst added in the pctida of
biodiesel from palm oil was higher than that in fiveduction
of biodiesel from jatropha oil resulting in mordtsa palm-
based biodiesel production. However, the mean p&ages of
palm-based and jatropha-based glycerol were natfisigntly
different.

TABLE Il
COMPARISONOFGLYCEROLRATE

Sourct Glycerol rate (%

SNI 06-1564-1195 [19] minimum 80

Ooiet al. [18] 51.4

Kocsisova and Cvengrc[17] 70

British Standard 80

Results of thistudy 82.15
Research Result Ooiet al. [18]

FFA
(38.9€%)

Glycerol \ » [ Glycerol
(40.34%) /™ "\ (33.9%)
Salt i 2

(20.65%) i

Fig. 2 The mass distribution percentage of layers

The layers formed by the addition of phosphoriad aaie
presented in Figure 3. Figure 3 (A) was taken dftermixture
was left for 5 minutes, while Figure 3 (B) was taladter the
temperature of the mixture was under room tempegaflhe
difference of the two figures was found in the taper (FFA).
This layer was found as liquid at temperatures al®#8PC and
solid at temperatures below 25°C.

™ —
A P =

=

Q)

(B)
Fig. 3 The layers formed by the addition of phosjzhacid at
temperature above 25°C (A) and at temperature b2E\€ (B)

From solution separation, a filtrate with two layawas
obtained. The top layer was free fatty acid (FFéthains with
a pH of 5.0, while the bottom one was glycerol vatipH of
6.87 (Figure 4A). Glycerol solution resulted fronstfiltration
is presented in Figure 4B. It can be seen thategbjaesulted
from the filtration was clearer than crude glycerBksides,
purified glycerol did not solidify even though itaw placed at
under room temperature. This made purified glyceedier to
handle further.

FFA
Glycerol

—

/s -
(A (B)
Fig. 4 The layer of FFA and glycerol (A) and pwediglycerol (B)

B. Glycerol Characteristics

Results of GC-MS analysis showed that crude glycero
revealed more peaks than pure glycerol (Fig. 5is Fuicated
that crude glycerol still contained other compounds
Qualitative analysis done by GC-MS showed thatfiwation
of crude glycerol resulted in purer compounds thetre
indicated from the reduction in the number of inifes from
17 in crude glycerol to 11 after purification.
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Fig. 5 GC-MS spectrum of crude (A) and purifiedagigol (B)

Qualitative analysis on glycerol before and aftarification
was conducted by using glycerol concentration detetion
referring to SNI 06-1564-1995 [19]. Glycerol congation
had to be determined to assess its purity leveduReshowed
that crude glycerol obtained from jatropha was @%land
glycerol concentration after purification was 8245This
indicated that jatropha glycerol could be used &8GA as
according to Traret al. [20], 50-90% is the best glycerol
concentration for CGA. Required glycerol conceiratfor
commercial use at the minimum is 80%, accordin§tb 06-
1564-1195 or 70% according to Kocsisova and Cvenfid).
Comparison of glycerol concentrations from sevétalatures
are presented in Table 2.

C.Texture of Products

Physically, the resulted cement with CGA supplemaion
was finer than one without CGA (blank) (Figure Bhe finery
rate of CGA-supplemented cement was higher thaneghy
p.a.-supplemented cement and blank cement.

186



International Journal of Chemical, Materials and Biomolecular Sciences
ISSN: 2415-6620
Vol:6, No:3, 2012

Glycerol p.a.-
supplemented Ceme supplemented Cement

Blank Cement Glycerol and TEA-

Fig. 6 Resulted cement with and without CGA supgetation

TABLE Il
COMPARISONOF CEMENT BSSVALUES

Source BSS value (crfig)
SNI 15-204¢-2004 Min. 2,80(
ASTM C150-049 Min. 2,800
PT Indocement Tunggal Prakarsa, 3,10(-3,50(
Results of this study 4,274-4,836

Another advantage of CGA-based glycerol is that thpe
of glycerol is capable of eliminating ball coatingnd
dispersing ground materials. Results showed thaheoe
particles obtained without CGA was easier to adher¢he
ball mill than those obtained from cement with C@Agure
7).

A (B)
Fig. 7 Ball mill at CGA-none supplemented cemetrargk) (A) and
CGA-supplemented cement (B)

The factor with the most important role in the prsg of
ball coating is electrostatic force. Cement rawariats, in this
case, clinkers that are made of calcium silicatglciem
aluminate, and calcium aluminopherite [21] possassitive
and negative charges distribution when it is grountb
smaller particles. This charge involves electristébrces
leading to agglomeration. This agglomeration masesent
particles easy to adhere to the ball mill. Glycdrated CGA
as an organic compound functions as an electrostatce
reducer allowing agglomeration to take place. Imitah,
electrostatic force resulted from CGA-supplementednent

D.BSS

BSS analysis was done in order to quantitativebess the
fineness of resulted cement. Results showed thaeieral,
CGA supplementation resulted in cement with higB&S
values. Theoretically, as BBS value gets highee, thkment
gets finer so that its mechanical power gets hig@8}. This
indicated that CGA-supplemented cement was finan tthe
one without CGA supplementation.

BSS values of some glycerol-based CGA as jatropha
biodiesel by-products are given in Figure 8. It vgaen that
BSS values of cement with CGA supplementation wgkehn
than that of cement with p.a. glycerol suppleméonatin
addition, cement with glycerol p.a. supplementatiad higher
BSS values than blank cement.
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Fig. 8 BSS values of blank cement and CGA-suppléeteoement
after 1 hour grinding

The order of the fineness of cements producedinstiudy
are as follows: cement supplemented with CGA frdms t
study > cement supplemented with glycerol p.a. ankl
cement. It was also found that the most optimum CGA
cement particle grinding was the one with the cositppm of
95% purified jatropha glycerol and 5% TEA which waixed
at 80°C. The BSS value from this cement was foundbe
4,836 cryg. This figure met the requirement of minimum BSS
level set in SNI 15-2049-2004 and ASTM C150-049][24
namely 2,800 cfig (Table 3).

BSS level of cement supplemented with glycerol p.a.
(0.05% wiw) was 4,139 ciiy. This was not too different
from the previous study [4]. They found that cement
supplemented with glycol-based CGA had BSS valud 677
cnf/g and the one supplemented with their product aSik
Grind 0.03% w/w) had BSS value of 4,117%gnMeanwhile,
Maederet al. [25] found BSS values of 3,530 and 3,64CF/gm

was much higher than that from non-supplementedenem for triethanolamine-based CGA with 1 hour grindiiige and

although the resulted van der Waals force was airf2]. As
resulted electrostatic force got higher, the ball got clearer
giving its higher capability to produce finer paltis.

Therefore, CGA-supplemented cement had higher dis&en

level than the one without CGA supplementation.

triisopropanolamine-based = CGA, respectively.  These
differences were suspected to be caused by diffenaterials
and number of and ball mill used. This might beetras
materials and number of ball mill was found to effeement
fineness rate although the grinding time was justsame.
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It was also found that TEA composition,
temperature, and their interaction gave significafiect on
BSS value ¢ = 5%). Results of a Duncan test € 5%)
showed that at 0, 5, and 15% but not 10% TEA coitipas,
each temperature gave different BSS values.

E.Residue

In addition to BSS, a residue test can be usedssess
cement fineness. This test is done by using adstial sieve
with a pore diameter of 45 um. This test is basethe notion
that as the percentage of resulted residue des;etdmemore
particles can be sieved through. Therefore, lepsetentage
of residues indicates finer cement. Results ofréstdue test
done in this study are presented in Table 4. It s&n that
blank cement (without CGA supplementation) had ggéi
residue percentage than that supplemented with CGhAe
difference was significantly high indicating thaG& was able
to significantly increase cement fineness.

Cement made from Portland clinker material haddresi
percentage of 0.5-0.8% while that made from clinglem 4
had 0.11-0.59%. The residue percentage of cemexfteisted
by chemical composition of clinker. If the metalide content
of the clinker increases, it will be easier for timker to be
separated into positive and negative charges. fiises the
resulted cement easier to get agglomerated allowihigher
residue percentage level. The composition of metales in
Portland clinker and the clinker used in this st@dinker plan
4) is given in Table 5. It was shown that the cosiyan of
metal oxides in Portland clinker was higher thaat th clinker
plan 4. Therefore, the residue percentage of ceméiht
Portland clinker was higher than that of cemenhvgtan 4
clinker.

It was found that TEA composition, reaction tempanz,
and their interaction significantlyn(= 5%) affected residue
percentage. Results of a Duncan test also shove¢dtio, 5,
and 15% TEA compositions, each temperature gavefis@ant
differences in residue percentages(5%).

IV. CONCLUSION

Results of glycerol measurement in biodiesel bydpod
showed that jatropha crude glycerol content wasl9p.
Meanwhile, after purification, glycerol content wasind to be
82.15% indicating that pure glycerol could be usesl a
cement grinding aid (CGA). Results of a BSS teswsd that
CGA-supplemented cement had a higher BSS value ttian
with no CGA supplementation (blank) indicating tt@GA-
supplemented cement was finer. This was confirmgdhle
results of residue test that showed smaller resjphreentage
in supplemented cement than in blank cement.
optimum CGA composition to refine cement partichess the
one made at 80°C with 95% jatropha glycerol and THRA.

reaction

Tlst m

TABLE v
COMPARISONOFCHEMICAL COMPOSITIONSN CLINKER
Chemicel_l_ Portland Clinker Clinker Plan 4
Composition (%) (Annaet al. [26] )
SiC, 25.21 21,2
Al,O; 5.13 4.85
Fe,O3 3.97 2.7€
CaO 59.99 65.36
MgO 1.2¢ 3.2z
SO, 1.32 0.37
Na,O 0.2t 0.2C
K,0 0.64 0.55
conducted.
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