CONSELHO REGIONAL DE
QUIMICA - IV REGIAO (SP)

Solucdes em quimica analitica
para biodiesel e bioetanol

Ministrante: Bel. em Quimica Roméao Beserra Jr°
Supervisor de Produto da PerkinElmer do Brasil
Contatos: romao.junior@perkinelmer.com

Apoio

CAIXA

Aracatuba, 12 de setembro de 2009

B. L

Uum PAIiS DE TODOS
GOVERNO FEDERAL

Observacgdo: A versao original desta apresentacdo, com slides coloridos, no formato
PDF, esta disponivel na se¢cao downloads do site do CRQ-IV (www.crq4.org.br)



Minicursos CRQ-IV - 2009

Solucdes em Quim. Analitica para Biodiesel e Bioetanol

Solucdes em Quimica Analitica para
Biodiesel e Bioetanol

Conselho Regional de Quimica IV Regido (SP) — Apoio: Caixa Econdmica Federal



Minicursos CRQ-IV - 2009

Solucdes em Quim. Analitica para Biodiesel e Bioetanol

AGENDA

EQUIPAMENTOS ANALITICOS E ALGUNS CONCEITOS
PANORAMA DE BIOCOMBUSTIVEIS NO BRASIL E NO MUNDO
METODOS ANALITICOS PARA BIODIESEL

NOVAS TECNOLOGIAS PERKINELMER

METODOS ANALITICOS PARA BIOETANOL

METODOS ANALITICOS PARA BIOCOMBUSTIVEIS

Conselho Regional de Quimica IV Regido (SP) — Apoio: Caixa Econdmica Federal



Minicursos CRQ-IV - 2009

Solucdes em Quim. Analitica para Biodiesel e Bioetanol

EQUIPAMENTOS ANALITICOS E ALGUNS
CONCEITOS
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Turbomatrix HS e
Turbomatrix ATD HS TRAP

Clarus 600 GC Clarus 600 MS |
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Pirolisador

Gerstel MPS2

Purge & Trap HT3
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TurboMatrix HS TurboMatrix HS Trap

Conselho Regional de Quimica IV Regido (SP) — Apoio: Caixa Econdmica Federal



Minicursos CRQ-IV - 2009

Solucdes em Quim. Analitica para Biodiesel e Bioetanol

valve detector
QO — —lllll-
l e
seal trap column
vial

oven

Headspace Sampler Gas Chromatograph

Conselho Regional de Quimica IV Regido (SP) — Apoio: Caixa Econdmica Federal




Minicursos CRQ-1V -2009

Solucdes em Quim. Analitica para Biodiesel e Bioetanol

Parabola Schmidt Visible
Cross Prism

Disperser ! Telephoto Lens
Entrance

Slit 4 . Fold
< £ Flat Field I —————
Flattener i

/.

UV Camera
Sphere

Computer-
controlled
Mirror

— wWAinLab32 1P Continuous

— Aauatomated Aanalysis Condrol
Tools

rdindowvs  Help

Sustern  Snalesis | Options

=
Sutomated Analysis Control

ogress

[ T 1 1 7 |
5

Eral=e @ C it ot = Fesct
21 S

L

1
4
b

=

Sample 1D Sratus

Calib Elank 1 Applied
Standard 1 Anpplied

00 [~ [0 |0 [d | =
JEEET N |

Sample 004
Sample 005
Q1

(VISR NVIE PRI

]

&
o

J #

Sl | Eriet List | FPriorits | e |

/

=
=
r

N

For Help. press F1

Conselho Regional de Quimica IV Regido (SP) — Apoio: Caixa Econémica Federal




Minicursos CRQ-IV - 2009

Solucdes em Quim. Analitica para Biodiesel e Bioetanol

PerkinElmer Optima 7X00

Optima 7000 Series

OPTIMA 7000 DV
OPTIMA 7100 DV
OPTIMA 7200 DV
OPTIMA 7300 DV
OPTIMA 7300 V
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PANORAMA DE BIOCOMBUSTIVEIS NO BRASIL E
NO MUNDO
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Table 3-3: Worldwide - Top Biofuel Producing Countries (in Million Liter), 2005

Table 3-1: Typology of Liquid Biofuel Ethanol Biodiesel

United States 16,214 284
Greenhouse :
Regions  Gas (GHG) P Brazil 16,067 70
. Biofuel yield hi 1
where reduction China 3,800
Feedstock P— impacts vs per hectare  Land Types -
v P : of land India 1,700 )
produced petroleum
fuel France 910 557
Grains : Russia 750
Ethanol (wheat, UE? s Lov:l Moderate Moderate Croplands :
maize) - bl Couth Africa 390
Ethanol Sugar cane _Eli_[‘aazi:la,nlgdia, High Low High Croplands Spam 379 84
— Germany 350 1921
) roplands, ‘
Ethanol (B;:Tualzsse) None High High High Marginal Thailand 300 1
Lands United Kingdom 290 74
Biodiesel Qil seeds .
(FAMEY) e US, Europe Moderate Moderate Low Croplands Ukraine 245
Canada 230)
?;ms)m Palm Oil i«;iuatheast Moderate r:'locrgerate Moderate Coastal lands Poland . 220\
3 Indonesia 170)
Biodiesel . . . . o ands, - ]
(BTL™) Biomass None High High High [::ggsmal Kaudi Arabia 170
Argentina 165
Fatty Acd thyl £t taly L 2
atty Acid Methyl Ester -
“*Biomass-to-liquids Australia 125 57]
Japan 113
Czech Republic - 134
Denmark - 80
Poland - 80
[Sweden - 7]
lOther Countries 2,139 463]
World 44,874 4125

Source: Worldwatch
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Renewable Energy | |
In Brazill

. In 2007: 42% of primary energy
came from renewable resources

— 13% was Hydropower
— 29% was Biomass
* 13% Sugarcane
* 13% Wood and related

* 3% different other
sources

. 50% of transportion fuel comes
from Ethanol
. about 2% of arable land is used for

production of bioethanol from
sugarcane
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Landusage in Brazil
Field numbers

The crop of sugar cane is growing in Brazil, but
Use of land in Brazil according to Caonab, it is not a threat to the area
where food is produced

Total area in Brazil Arable Land
Y

Y v % 850.000.000 ha 347.000.000 ha*
ray .\ . P Pasture Culture ||Sugar Cane plantation
Y 211millions || 63millions of|| 7,8millions of hectare
of hectare hectare

Estimated harvest Sugar and alcohol
for ;:l_nm:fns production

In millions of ha ¥ BUCAR | ALCOHOL
MLLONE OF KILLIONE OF

ToNE LITERE

211

28,6

243
203
EXPANSION
In the cument crop, 32 new plants
will begin to operate in Center-
south of Brazil, totalizing 84 in the
region since 2005

S0
baan
com
Sugar
eans
Beamn
Rice
Afreat
Cotton

*Amazon, Pantanal and preservation areas are not induded
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Bioethanol

Global Availability

WORLD MAP OF SUGARCANE PRODUCTION

100 countries could supply BioFuels to 200 nations,
while currently 20 oil producers provide fossil fuels to 280 nations.

— Source: British Sugar, Prepared by UNICA
Conselno Regional de Quimica IV Regido (SP) — Apoio: Caixa Econdmica Federal
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Global Production of Ethanol

Ethanol production billion liters

130
120
110
100

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

others EU Brazil USA

Note: Projections for 2008/2012 based on announced production capacities
and targets in main producing countries.

Sources: Fapri, Acti, FO Licht, Unica and Toepfer

Data compiled by Unica and Icone
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Figure 3-8: Worldwide - Forecast of Ethanol Demand (in Million Cubic Meter), 2007-2010
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Source: Brazilian Association of Car Manufactures
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Different feedstocks for Bioethanol...

1.4

Cost Ranges for Ethanol & Gasoline Production (US$ / Liter)

2 1"
0.8 T ‘
0.6 I 1 I
0.4
0.2 :

° Ethanol from sugar cane Ethanolfrom corn (US) Gasoline Ethanol fromgrain (EU) Ethanolfrom cellulose

{Brazil)
Bioethanol yield in m3®/ km?

700

600

500

400

300

200

100 -

Barley Wheat Corn Sugarbeet Sugarcane
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The global targets for Biodiesel are... -

European Union:

United States: 2 - 33/0 today ; China:
0.5% today s e 0.3% to 0.5% today
1% !n 2009 0 ~ 2% 1n 2010
2% !n 2012 ~10% in 2020
>15%  in 2022 |

India:

5% today

20% in 2012

Brazil:
3% in 2009
5% In 2013
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Different feedstocks for Biodiesel ; ?
Algae Dr“ 4
Large Scale Bio-Oil Cellulosic
Projects . Diesel

.Jatropha > Soybean: 40 to 50 US gal/acre (40 to 50 m3/km?2)

Diesel » Rapeseed: 110 to 145 US gal/acre (100 to 140 m3/km?2)

o » Mustard: 140 US gal/acre (130 m3/km?2)

E;c;)cg::::ifrgmﬂower SOYb » Jatropha: 175 US gal/acre (160 m3/km?2)
! ’

ean, Palmoil, etc. » Palm oil: 650 US gal/acre (610 m3/km?2))

‘{—-:'

Algae: 10,000 to 20,000 US gal/acre (10,000 to 20,000 m3/km?2)
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Current Global Biofuel Facilities ...

Biodiesel Bioethanol
Production sites
North America 165 200
South America 60 340
European Union 120 70
India 15 25
China 35 50
Rest of World 60 40
Total 455 545
Blenders 170 +
Regulator/TestLab 650 +
Total ~ 2000*

*Universities and Agricultural-R&D facilities are not included; this would add another 300-500
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Top Global Biofuels Producers

Prodcers Biodiesel
Bunge

Neste oil

Cargill

Novaol

Diester

Green Hunter

Natural Fuel

Renewable Energy Group
Abengoa

Prodcers Bioethanol
VeraSun

Archer Daniels Midland (ADM)
Cargill

Pacific Etahnol

Monsanto (?)

BlueFire (Cellulosic)

Grupo Coimex

Construction companies
Lurgi

BDI

Praj

http://www.bunge.com/

http://www.nesteoil.com/

http://www.cargill.com/products/industrial/ps _ethanol.htm

http://www.novaol.it/

http://www.greenhunterenergy.com/

http://www.naturalfuel.com.au/

http://www.renewable-energy-group.com/

http://www.abengoa.es/sites/abengoa/en/index.html

http://www.verasun.com/

http://www.admworld.com/

http://www.cargill.com/products/industrial/ps _ethanol.htm

http://www.pacificethanol.net/

http://www.monsanto.com/

http://bluefireethanol.com/

http://www.grupocoimex.com.br/ingles/index.htm

http://www.lurgi.com/website/index.php?id=19

http://www.biodiesel-intl.com/default.aspx?LNG=EN

http://www.praj.net/fuelethanolplants.htm
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First Generation Biofuels

e Biodiesel
 Ethanol

o
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BIODIESEL: ESTER PRODUZIDO NA REACAO
DE TRANSESTERIFICACAO

ROTA ETILICA
ROTA METILICA

Planta de Transesterificacao

Oleo + Alcool = Ester + Glicerina
1t 1t

100 kg Catalisadaor 100 kg

Biodiesel
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What are Next Generatlon Biofuels?
Batropha

. Food vs. Fuel
. Marginal Lands

. More Efficient

. Reduce the cost to produce and distribute

Domestic Yard Waste?

Conselho Regional de Quimica IV Regido (SP) — Apoio: Caixa Econdmica Federal



Minicursos CRQ-IV - 2009

Solucdes em Quim. Analitica para Biodiesel e Bioetanol

METODOS ANALITICOS PARA BIODIESEL
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BIOFUEL DEVELOPMENT >

PerkinElmer’

] :) REGULATORY STANDARDS
Bl
ASTH DETS1, EMN14214, ANPAZ2004

ecoanalytix . 5 @ Sioethanol
@ . ASTM D488, EM153ITE, ANPIE2005

JATROFHA CELLULDSE

SUGAR CANE CORN
TRACE METHANOL & GLYCERIN GLYCERIN FAME FERMENTATION CXIDATION BIO-CONTEMNT LIMS
METALS ESTER PROFILE & METHANOL SUGARS STABILITY T I

‘ .

- - 7| LABWORKS

! . _J greanl VS
ICP-OES R osC
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Tabela I: Especificagdo do Biodiesel

CARACTERISTICA UNIDADE| LIMITE LT
- e ABNT NBR ASTMD ENASO
Aspecto - LI (1) - - -
7148, 1298, ENISO 3675
Massa especifica a 20°C kg/m?® 850-900 14065 4052 -
EN ISO 12185
Viscosidade Cinematica a 40°C mm?/s 3.0-60 10441 445 ENISO 3104
Agua , max. (2) mgkg 500 - 6304 EN ISO 12937
Contamunacdo Total, max. mg'kg 24 - - EN 12662
. 14598 93 -
Ponto de fulgor. min. oC 1000 - - ENISO 3679
Teor de éster. min e massa 96.5 - — EN 14103 (3)
Residuo de carbono (4) %% massa 0.050 - 4530 EN ISO 10370
Cinzas sulfatadas, max. %% massa 0,020 6294 874 ISO 3987
- 5453 -
Enxoffe total, max. mgkg 50 - EN ISO 20846
EN ISO 20884
Sédio + Potassio, méx. meke 5 : : EN 14100
Calcio + Magnésio, max. mg'kg 5 - - EN 14538
Fosforo, max. me'ke 10 - 4951 EN 14107
i ot IS 1 14359 130 EN ISO 2160
. Inax.
- 613 ENISO 5165
Nu de C S5 Anotar -
umero ‘etano (3) O 6
AU (s ey Seieries Vi T °Cc Anotar 14747 6371 EN 116
a fno, max.
Indice de acidez, méx. mz KOH/g| 050 14448 664 P
15341 6584 (3) (&) -
Glicerol livre, max. e massa 0,02 - - EN 14105 (3) (&)
- EN 14106 (3) (6)
15344
: - 6584 (3) (® -
o,
Glicerol total, max. Ve MASSA 0,25 ) EN 14105 (3) (6)
P - 15342 - -
Mono. di. tnacilglicereol (3) % massa Anotar 15344 6584 (3) (6) -
EN 14105 (3) (6)
Metanol ou Etanol, max._ %% massa 0.20 15343 - EN 14110 (6)
Estabilidade a oxidacdo a o
110°C. min (2) b 6 - - EN 14112 (6)

Conselho Regional de Quimica IV Regido (SP) — Apoio: Caixa Econdmica Federal
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Biodiesel
Property European Union United Sates Brazil Technology Used PKI Capability
BN ASTM ANP
Oxidation stability BN 14112 BN 14112 BN 14112 DSC v
lodine Number BN 14111 BN IS0 14111 GC v
FAMEQomposition BN 14103 ABNT NBR 15342 GC v
Gontent of linolenic acid methyl ester BN 14103 GC v
FAMEBIlend BN 14078 ASTM D7371 IR v
Gontent of polyunsaturated methy esters BN 14103 GC v
Methanol content BN 14110 ABNT NBR 15343 HSGC v
Gontent of Monoglycerine EN 14105 ABNT NBR 15342 GC v
Gontent of Diglycerine EN 14105 ABNT NBR 15342 GC v
Gontent of Triglycerine EN 14105 ABNTNBR 15344 GC v
Free glycerine BN 14105; EN 14106 ~ ASTM D6584 ABNT NBR 15341 GC v
Total glycerine BN 14105 ASTM D6584 ABNTNBR 15344 GC v
Naand K BN 14108; BN 14109 UOP391 EN14108; BN 14109 IcP v
Caand Mg BN 14538 UOP 389 BN 14538 IcP v
Phosphorus content EN 14107 ASTM D4951 ENISOor ASTM ICP v
Qulfur Gontent BN SO 20846, ENISO  ASTM D5453 BN ISOor ASTM IcP v
20884

Conselho Regional de Quimica IV Regido (SP) — Apoio: Caixa Econdmica Federal
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CADEIA DE PRODUCAO

INSUMOS - INDUSTRIALL- -
PARA PRODUCAO ZAC AODA PRODUCAO DE =
PRODUCAO AGRICOLA MATERIA- BIODIESEL DISTRIBUICAO CONSUMO
AGRICOLA PRIMA
REFINA-
METANOL | P RiAS CENTROS
| URBANOS E
CANA- * REGIOES
DE- | ETANOL UNIDADES METROPOLITA-
ACUCAR INDUSTRI- DISTRIBUL NAS (frotas de
INSU- AlS (médioe ’ DORAS :;lt;us, caminhdes,
MOS : grande porte) MISTURA
SOJA OLEO DE * HAORITEGT A
o SOJA SEL(biodiesel em
POSTOS DE pequenas
P COMBUSTI- proporgdes)
VEIS
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Objectives

. To develop a method for the simultaneous, high through put and accurate
analysis of trace metal impurities in biodiesel samples by using ICP-OES
(EN 14538, EN 14107)

. Perform analysis at the levels specified in ASTM D 6751 and EN 14214

. Apply the developed method for the quality control of biodiesel samples
obtained from different feed stocks.

Phosphorus Can damage the catalytic convertor system

Calcium & Magnesium Contribute to injector clogging, fuel pump, piston
and engine wear, engine deposits

Sodium & Potassium Contribute to injector clogging, fuel pump, piston
and engine wear, engine deposits
Can cause soap formation
May get collected in exhaust
Adverse effects on particulate trap technologies

All metals Will affect oxidational stability of biofuels

Conselho Regional de Quimica IV Regido (SP) — Apoio: Caixa Econdmica Federal



Parameter
Plasma gas flow
Auxiliary gas flow
Nebulizer gas flow
RF power
Viewing height
Plasma view
Read delay

Read parameters
Pump rate
Processing

Spray Chamber
Nebulizer
Injector Alumina
Sample tubing
Drain tubing
Quartz torch
Sample capillary

18 L/min

1.6 L/min

0.5 L/min

1450 watts

15 mm

Radial

90 seconds

Min 0.5 and max 2.0 s
1.0 mL/min

Peak area

Baffled cyclonic

Low flow GemCone

1.2 mm i.d.

Solvent flex (0.76 mm)
Solvent flex (1.14 mm)
3-slot

Teflon® (1 mm)
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» Two biodiesel samples based on different feed
stocks were analysed

» Palm oil and Jetropha based

» Samples were diluted 1:10 with high purity
kerosene

» Internal standard was mixed with the diluent

» Blank was prepared with PerkinElmer blank oil and
diluted with diluent containing Internal standard

» Samples were prepared in duplicate

» QC sample was prepared from Spex Certiprep ICP
oil standard

» One sample from each feedstock was spiked with
QC sample prior to analysis

Conselho Regional de Quimica IV Regido (SP) — Apoio: Caixa Econdmica Federal
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U.S. and EU specifications for elemental content in
biodiesel (mag/kq)

e . Metal ASTM D6751 EN 14214
Phosphorus 10 10
Calcium 5 (combined) 5 (combined)
Magnesium
Sodium 5 (combined) 5 (combined)
Potassium

Estimated Detection Limits
Element Wavelength Instrument
; - i , Biodiesel DL

1 o Coutt. /589967 2 Con Coutt 0505370 |3 "o ErGin bSasase |5 Cow Couk n'5ase58 (nm) DL (mg/kg) (mg/kg)
Phosphorus 213.620 0.04 0.4
Sodium 588.993 0.02 0.2
Potassium 766.485 0.08 0.8
Calcium 422.673 0.004 0.04
Magnesium 285.213 0.002 0.02

onc(mgd/L) '10. c(md/L) "1 0. conc(mg/L) "1
Cal Lin, Calc Ini

U. c .
Calib Eq'n: Lin Int r, Calc Int Calib Eq'n: Lin
6 _Corr Coeff: 1.000000 7_Cou Coeff: 0.999996 8 Corr Coeff: 0.999380 9 Con Coeff: 0.999998

Conselho Regional de Quimica IV Regido (SP) — Apoio: Caixa Econémica Federal
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S por ICP-OES

Mean SD %
Sample ID (mg/kg) (mg/kg) RSD %RPD
NIST 2723 | 11.32 0.102 0.89
NIST 2723 11 10.93 0.066 0.61
Mean of
Duplicates 11.13 35
NISTCertified
Value 11.0+-1.1

Emissédo do enxofre em 180.669 nm

k. Examine Spectra

Examine ~| Data v| Line -| Graph ~ IMathud' | Avg. Replicate | Rescale |
Analyte
S 180.669r

P 180.748
wavelength (nm)

Examine ~| Data v | Line ~| Graph + Melhndlevg Replicate v| Rescale
Analyte
S 180.669x

180.748
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APLICACOES PERKINELMER

FERINES LD APPLICATION REPORT

ICP OPTICAL EMISSION

APPLICATION NOTE
Sulphur and Phosphorus Analysis in Vegetable
Oil and Beef Tallow for Biodiesel Production

Using the Optima Inductively Coupled Plasma-
Optical Emission Spectrometer

@ APPLICATION NOTE

ecoanalytix

ICP-Optical Emission
Spectroscopy

Authors
Zoe A, Grosser, Ph.D,
Lek J, Davidowski, Ph,D,

3 PamelaWee FE LB AP Pl e AT NN RE PR T

ICP-OPTICAL EMISSION SPECTROMETRY

s P_erk_in_.ﬁlmer, Inc.
Bridgeport Avenye

SA™Y \ ishelegn, CTUSA [~ {11 Phosphorus, Calcium and Magnesium
' ' \ Analysis of Soybean Oil-Feedstock for
Biodiesel Production Using the Optima
Inductively Coupled Plasma-Optical
Emission Spectrometer (ICP-OES)
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Outras informacoes

« OS EQUIPAMENTOS AA200 E AA400 TAMBEM PODEM SER
UTILIZADOS PARA ANALISE DOS METAIS
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GLICERINA LIVRE [+ Subproduto do processo de transesterificagdo cujo teor depende da separacdo dos ésteres/glicerina.
+ Acarreta depdsitos no injetor, entupimento do filtro, forma

GLICERINA TOTAL* Soma de glicerina livre e mono-, di- e triglicerideos.
* Depende do processo.
* Formacé&o de coque no injetor, entupimento do filtro, formac&o de sedimento.

MONO E DI + Oriundos do processo, sdo produtos intermediarios do processo que nédo terminaram de reagir .
GLICERIDEOS * Provocam dep0sitos nos injetores e nos anéis do cilindro.
+ Os monoglicerideos apresentam alto ponto de fuséo e baixa solubilidade o que implica em cristalizag&o.

TRIGLIGERIDEOS |+ Produtos que néo foram transestereficados.
» Aumentam aviscosidade do biodiesel.
* Provocam depdsitos nos cilindros e nas valvulas.

ALcooL + Utilizado em excesso no processo, podendo influenciar o ponto de fulgor.
METANOL OU + Corrosdo em pecas de aluminio e zinco.
ETANOL * Reduz nimero de cetano e lubricidade do biodiesel.
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Configuracao recomendada para ASTM D-6584

» Clarus®500 GC with Liquid Autosampler and Programmable
Pneumatic Control (PPC)

TotalChrom® control and data-handling software
Programmable On-Column (POC) inlet

Flame lonization Detector (FID)

5-uL syringe with 0.47-mm OD needle

Y V. V VY

Inside the oven:

» Column: Elite 5 HT, 15 or 30 meter, 0.10-um film thickness, 0.32-mm ID
» High-Temperature Guard Column, 0.53-mm diameter

» Low-volume union or hourglass column connector
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. Oven Ramp:

- Initial: 50 oC, hold 1.0 minutes

- 15 deg/min to 180 oC, hold 0.0
minutes

- 7 deg/min to 230 oC, hold 0.0
minutes 11 F

- 30 deg/min to 380 oC, hold 10.0 )
minutes |

117

. Programmable On-Column Inlet: 4
- Initial: 50 oC
- Oven-tracking mode to 380 oC

Moroelein, Neaoltoslein,

*arolizalenin
Tricapria [fztd]

o1l

. FID Detector: .

- 380 oC, 45 mL/min Hydrogen and
450 mL/min Air

® 4:1
16.056:

C 180 18:) 1822
i

C 16:0
¢

CIe un
C 2

1ol (1std)

. Carrier Gas Flow: g
- 3.0 mL/min Helium
» Weigh 100 mg +- 0.1 mg of biodiesel into a 10 mL septa vial - 3 :E
Internal Standard Addition (1STD) - B 3 (I3
» Add 100 L of 1,4 Butantriol & Tricaprin by syringe to the vial ' : A T 2
» Add 100 pL of MSTFA (derivitizing solution) I esver mmect rceataes SrGUTEERIOEE  THALTCORI
» Shake solution and allow to react to for 15-20 minutes ) s 10 15 2o 26

Dilute with 8 mL of Heptane and shake to mix

This solution is now ready for analyses!

Conselho Regional de Quimica IV Regido (SP) — Apoio: Caixa Econdmica Federal



Minicursos CRQ-IV - 2009

Solucdes em Quim. Analitica para Biodiesel e Bioetanol

28 & FAERREER 8 b G REPRGEGY SR IR R & 8
= G i R SO0 00 10 00 Sk ainT aittobioeE o T ol B 8 R
| I I |, ’7 T mwie e rorr F e wr i e e e o q‘- o

MONDS —
AP

eLvT
124 BU—
MONDT —
FAEHER

| |
o =
o @
g L
) o
& -

Conselho Regional de Quimica IV Regido (SP) — Apoio: Caixa Econdmica Federal



Minicursos CRQ-IV - 2009

Solucdes em Quim. Analitica para Biodiesel e Bioetanol

— 1437
— 1490
—14.82
_ 1462
—1470
1473
—14.00
— 1433
_14.08
_15.08

Zi5.12
—15.14

—1536
—15.33
—15.52
—1565
—15.87
—16.25
—16.42

x
Identification I Calibration | User Values/LIMS |
- Component Type
Glycerin
1,2.4 Butanetriol " Peak & Namedgroup ¢ Timed group
Monol

Total Mono

Mono2

Name T otal Mono
Monao3
Monod Group Members Glycerin
1 8| é BI MonoS 1,2.4 Butanetriol
2 z = = Tricaprin
2 sz 2 Total Diglycerides

Total Triglycerides

b

Trcrin
Total Diglycerides
Total Triglycerides

Internal Standard I Tricaprin j
Next I Previous | New Component I Delete Component I
Edit Component | oK I Cancel I Apply

The name by which the component is to be identified and labeled
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Diglicerideos

v Lvd
-3
-074

8
q

-0

Components ” ll

Identification ' Calibration | User Values/LIMS |

- Component Type
Glycerin
1.2.4 Butanetriol ’7 " Peak ¢ Named group % Timed group
Monol
Total Mono
Mono2 Name otal Diglycerides
Mono3
Mono4 Start time |2[1500 min
MonoS
T ricaErin End time |21 .400 min
Total Triglycerides I~ Include only unidentified peaks

Triglicerideos e .

Internal Standard I Tricaprin ;I
: : : ;o
i i i ! i Next I Previous I NewComponentl DeleleComponentI
Edit Component oK I Cancel | Apply I

The name by which the component is to be identified and labeled I

Conselho Regional de Quimica IV Regido (SP) — Apoio: Caixa Econdmica Federal



Minicursos CRQ-IV - 2009

Solucdes em Quim. Analitica para Biodiesel e Bioetanol

The Mono-, Di- and Tri- glycerides have a portion of the molecule due to
glycerin structure. This is the bound glycerin. Only the glycerin portion
of the glycerides are to be included in the total glycerin in the biodiesel.
This requires each of the calculated glycerides to be multiplied by a
factor relating to the glycerin portion prior to summing all the results.

Example, per the ASTM D-6584:

Glycerin 0.015 * 1.0000 = 0.015
Total Monoglycerides 0.016 * 0.2591 = 0.004
Total Diglycerides 0.194 * 0.1488 = 0.029
Total Triglycerides 0.032 * 0.1044 = 0.003

Total Glycerin = 0.051 % mass

Make sure your data-handling package can do this without exporting to
some other second party software

Components

ldenlificationl Calibration  User Values/LIMS I

Glycerin User label |
1.2.4 Butanetriol
Monol —User Yalues

Mono3

Mono2 1 I[].[]l]l][]l]
Monod
Mona5 I[].[Jl]l][]l]

Tricaprin
Total Diglycerides
Total Triglycerides

|0.2591 0
IU.[]U[][]U
I[].[]UUUU

L5 B T A5

™ Send results for this component ta LIMS

Next I Previous I
Edit Component 0K I Cancel I Apply I

g g 2
L] 8 0 2 “ % ® 2 29
Time fmin]
ASTM D-6584 Report
Time Component Area Total
[min] Name [uv*sec] Mass % Mass %
5.003 Glycerin 3002087 0007 0007
5642 1,24 Butanetriol 15510179 —momm oo
16.693 Total Mono 124209016  1.837 0476
19447 Tricaprin 55794105 —n e
20900 Total Diglycerides 109287556 1336 0.199
24200 Total Triglycerides 1532263 81 2828 0295
461029323 6007 0977
[C:\Documents and Settin _16_05002-20060819-005647 12w (14,536 min (160,093 m¥ 4274 pts
Page HOBIFIED

@istart| | B @ 5] > | [5]merosoft Pomer... | =] userrtf -Micros... | g Totaicheom avi... |[B5; Graphic Metho... [ Report Fornat ... | [« WM, & Al nI 2 1134 Am
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Met EN14110 - MetanOI Europe utilizes a HS-GC technique for determination of residual
MeOH, this is a simple technique. No ASTM method exists yet.

» Methanol is used in the reaction process with a catalyst to Most users follow EN 14110 or modify EN 14110.
create the fatty acid methyl ester, glycerin is formed as a by

product * 5g of biodiesel is added to a 20 mL HS vial, with 5 pL of 2-

propanol (ISTD),or ESTD procedure is also accepted
» Residual methanol and glycerin are removed by washing with

water 4 to 6 times or more + Thevial is heated and equilibrated, by the HS instrument, at
80 °C for 45 min

» Methanol can be tested by:
« Flashpoint * Manual headspace injection is allowed but automated HS

_ Quantification is Highly subjective and slow injection is recommended in the EN 14110 method

« Infrared Spectroscopy
— Below 1% methanol is difficult to quantitate

Any of several columns can be used, none are compatible in
the same GC oven as the glycerin column due to the high

e Gas Chromatography temperature of the glycerin analysis, therefore a second GC is
— EN 14110 — Headspace GC required.
— ASTM methods yet to be created
Methanol
&
: . . . . 1000000 =
750000
1]
2
<
500000 /
250000 =
0.000 0.100 0.200 0300 0400 0500 0600
Adjusted Amt
Ready [Methanol [if1 [Curve #1: W= 1 (No Weighting) Ri5q = 0, 999954 15t Order

[
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METANOL — INJECAO DIRETA

» Simplest and least expensive method, but not recommended
» Utilizes same GC and column as glycerin analysis 8 g E R A e
» Biodiesel sample is diluted with heptane or injected neat
» Internal Standard can be used

» Not as accurate and slower than headspace

» Methanol is unretained and therefore co-elutes with any very
minor unretained artifacts (biggest reason for not recommended)

» Probably not acceptable once ASTM method is created

265

§ e B 3 EE@ E!BN_HﬁEB%BE

TR R T T

I

Instrument Conditions:
¢ POC inlet: 50 °C initial, hold for 2 minutes, ramp to 380 °C
* FID: 380°C fL
+ Oven: 50 °Cinitial, hold for 2 minutes, ramp to 380 °C &

Method takes approximately 9 minutes
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Biodiesel Glycerin & Methanol Analyzer ASTM D6584, EN 14105, EN 14110

Automated headspace
sampler optimizes productivity o -
and simplifies sample = 9 Two Solutions in One: Dual
preparation 5 oven to complete both GC
; ' - analyses on a single instrument;
no need to modify hardware
setup or swap columns

Rapid Ramp-up - complete package = = "
with instrument, software, SOPs, =\ - Claru§® 500 GC
consumables, application-specific ) =) IrboMatrix™ Headspace
installation and qualification procedures — -

= ASTM D6584/EN14105

] Report
pE E Time Component Area Total
] [min] Name [uV*sec] Mass %
K o] 4442 Glycerin 740523 0014

5159 1,2,4 Butanetriol (ISTD) 144966.27
“ 15.53 Total Monaglycerides 515808 .44 0.142
m"%_t_nmj MJ\JL i l Y S 1895  Tricaprin (ISTD) 51524964

: T m A 20.31 Total Diglycerides 8276578 0011
E — = 22.44 Total Triglycerides 11608459 0.004
AP S e e AnaIySIS of a biodiesel Sample for Total Glycerides 0171
0.1% methanol in a biodiesel matrix free and total glycerin.
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The EcoAnalytix'™ Biodiesel
Glycerin & Methanol Analyzer

» All of the benefits from the Clarus
500 GC plus the very best from
TurboMatrix HS

e 12-sample overlapping heating
oven for high throughput

* Pressure balanced injection
* Very reliable and repeatable

sampling

Methanol

1000000

750000

Area

500000

250000
|/

Il T T T T T T T
7 | s
0 b
&

0.000 0.100 0.200 0.300 0400 0500 0800
Adjusted Amt

Feady Methanal 111 Curve #1: W = 1 (Mo Weighting) RSq = 0.995994 1st Order
d hanol ! L hting} o 7
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Biodiesel FAME Determination by GC
Clarus® 500 GC

Intuitive touch-screen

Profiling the source of : :
interface allows quick set up

feedstock, looking for unwanted
by-products

and operation

Calculation of different
parameters from FAME profile,
like iodine number, degree of
transesterification, etc.

Rapid Ramp-up of sampling and
analysis with consumables package ﬂ
i

0ot b

\
|+ | i nn " ” u.‘w,, I J\.,Hu?__#b'w—ﬂ- )J‘H"L—’“"*ﬁ
M ST T O A

GC chromatogram FAME standard C14:0 to C24:1

Conselho Regional de Quimica IV Regido (SP) — Apoio: Caixa Econdmica Federal



Minicursos CRQ-IV - 2009

Solucdes em Quim. Analitica para Biodiesel e Bioetanol

APLICATIVOS PERKINELMER

F1ELD APPLICATION REPORT

GAS CHROMATOGRAPHY

Free and Total Glycerin in B100 Biodiesel
by Gas Chromatography

Free and Total Glycerol

in B100 Biodiesel by

Gas Chromatography
According to Methods

EN 14105 and ASTM D6584

Authers:

Timothy Ruppel and Gerald Hall
PerkinElmer Life and Analytical Sciences
710 Bridgeport Avenue

Shelton, CT 06484

AHAVHODOLVIWNOHHO SVH
NOIlLlVOIlIl1lddyVv

Fatty Acid Methyl Esters
in B100 Biodiesel by

Introduction Authors

z
o
=]
m

With today’s increasing concern for the environment and the

AHAVHHYOLVWOHHO SVD

Tim Ruppel
depletion of fossil fuel resources comes a greater awareness ( ; ( : h t h
Gerald Hall l I l
for alternative fuels, especially for biofuels. One of the more Timon Huybrighs aS ro a O g rap y
common biofuels is biodiesel, which is a renewable fuel from William Goodman

NOILlVYOIl1dd

natural oils such as soybean oil, rapeseed oil or animal fats; it
is a substitute for petroleum-diesel fuel.

(Modified EN 14103)

PerkinElmer, Inc.
710 Bridgeport Avenue
Biodiesel consists of fatty acid alkyl esters produced by the Shelton, CT USA

tramanctanifiantinn naantinn af vnmatahla Aile and animal fate

z
(=]
=
m

Introduction Authors

The production and consumption of biofuels continues to
increase as more attention is paid to the environment and
the depletion of fossil-fuel resources. Biodiesel, a fuel from
natural oils such as soybean oil, rapeseed oil or animal fats, PerkinElmer, Inc.

is a substitute for petroleum-diesel fuel. The quality criteria 10 Bridgepont Avenue
for the production of biodiesel are specified in EN 14214, SpeltonOTLSA

Timothy Ruppel
Timon Huybrighs
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CATIVOS PERKINELMER BRASIL

& Metanol-etanol prin 14110 PIRKIN -

Trin Jueks A Digeuma psraunts
wooon o @ | cer i de 7+ v, o v

METODOLOGIA METANOL ETANOL
PERKINELMER

METODOLOGIA GLICERIDEOS
PERKINELMER

Petarminar o conteidn de metannl am

graxes (FAME - “farky ssid mathyl esters’)

filzAstares A AtAnnl Am afilzAsters de Acidns

ARRANGENGTA

Bt Torsar S swvaplica s lisulvcuntbultindl e syt sl
Pt im e cencenttagAn de 1,01% A 0,59% (m/m) de maranal ) - ) ) v
Nin & apliével » mishuras de FAME que cantenham mufns companantes de heiso Determinar, quantitativamente, a glicerina total, livre e ligada (mono-, d
ke e ehuligAn triglicerideos) de ésteres metilicos em biodiesel B-100 por cromatografia gasosa.
PRINCIPIO DO METODO i )
A& G G s AR (VSBEG (Tr SH HU R c  F PRINCIPIO DO METODO

A amostra & analisada por cromatografia gasosa depois da sililaggo com n-metil-n-
trimetisilil-trifluor-acetamida (TMSFA). A calibragdo & feita pelo uso de dois padrdes

internos e quatro substancias de referéncia. A determinacdo dos_mono-, di- e

A o Gonteidu U roslanul w wlanol pare o fesu gasus s, Quanidu U uyuilbiciu &
ity urnia gt duinide s fas dasusa d iniulets o Grom Lol yssusu, urids o

estanul w slanol s3u duleciadus slavis du dstector du unicegSo du chiams (FID —

“Rams ionisation detector”). A quantidads ds metanol 5 stanol 530 calouladas Fafarents.
2.uma.63lIbracs0, 9x1eMna. Estes podem ser determinados apos 3 adico de um padrio
interno 3 amostra antes do aquecimMeNto, ssquido dos c3lCulos com © uso de um fatar
de calibragd intemo.

triglicerideos & feita por comparagdo com os seus padrdes respectivos: monooleina
dioleina e trioleina. Fatores de conversio médios sdo aplicados aos mono-, di-

e nGias triglicerideos para calcular o contetdo de glicerina ligada na amostra.
KEFERENG 1A

Lrafti pre 1110 - Fat and ail dorivatives - katty acid Mothyl Estors (FAME) —
Determination of methanal content;
Desenvolvimenta interna,

SIGNIFICADO DO METODO
0 conteddo de glicerina ligada e livre reflete a qualidade do biodiesel. Um alto

MATFRTAI NFGFRRARTO

ST

Purtogees (@D

METODOLOGIA ESTERES]
PERKINELMER

Lsse metodo de analise se splica 2 biodiesel para determinagdo de | AML que contenha
e toros e, U clives du ©14 G €24

Este mstodo determina o percentusl de esterss metilces de scidos graxos © a

percentagem de esteres matilises e etiicos presentes em amostras, utilizando
Cromatourafi asusg slunidy a nurma EN SO 8508, vum pudidu inturmu malil
hepsadesanaass.

REFERENCIAS

Frafts pEEM 14103 = FAr and il dervatives < FAtry Aid Mathyl Eetorn (FAME —

Determination of sster and linalanic scid methyl sster contents;

MATERIAL NECESSARIO

Lauipamentos
CrmATAGrAfn gAanan (R0 G RtRerar BT6 6 Aalna capiae dn poieriRnaglinnl
BWAK REOWAY tor FID. 8. 2502

RAlAnGA ARAII (Prsisdn de 0,00n 13);

Vidrarias
- BslEu vulumSLicy Us 10 wl,
- Miero pipsts 100uL (precisso de 0.1
Rinntas e Smi;
- Balgo valumstnco 1 ml
- vipetas pauster
Sulugfus  reaguriles

niciar &1 e
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Biodiesel IR FAME Analyzer

Wide range of accessories for
many different sample types

1

ﬁEn:ala::xraasm:un:a::uE

— cpel_datblodiesel.sp

Typical Spectrum for BS Blend

Rapid Ramp-up

SOPs, consumables package
with starter calibration model

Spectrum 100 FTIR |dentification and quality of incoming feed
stocks; monitoring of conversion process

to determine progress of reactions & yield
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Biodiesel blend analysis by FTIR

0.69 T

06 - Ester C=0 stretch

05 - \

w . —— FAME
\ — Mineral diesel

0.3 7

0.2 -

0.1

0.00 ‘ ~ ~ w . . ‘

4000.0 3500 3000 2500 - 2000 1500 1000 650.0

EN 14078 » ASTMD 7371

— European standard * American standard

— Transmission (0.5 mm) « ATR sampling

— Linear correlation against carbonyl « Chemometric calibration (PLS) using

band two spectral regions (shaded)
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Why use ATR?

ATR effectively allows a very short pathlength (a
few um)

No need for sample dilution

Sample introduction is much easier (no syringes
needed)

Cleaning is very quick and requires minimal
solvent

Diamond ATR maximises the advantages:
— Extremely durable
— Excellent reproducibility

— Extremely easy cleaning

e
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FAME measurement procedure

1. Place one drop of the sample on the
ATR crystal ?::-E';.ﬁ;f-,'i”t ok jfnfi{i’ o
2. Press the Go button to measure the
spectrum
3. Clean the crystal

4. Click the Biodiesel button in the
Spectrum Express software

| Samples View 1 | Results Table

_ Results

[#] sample Name # Description o i@ = @ = FAMEVDl =

p (UETH-D 5 I
UATR-11 wo  18.06
UATR-32 wo 16.05
UATR-33 wo 18.10
UATR-34 B == 200
UATR-54 B e 1587
UATR-55 H = i
UATR-56 B = 2012
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PertirE e Snsctram Exomess. Warsion 1.03
SEOTI00S 1E

#He

FAME Analysis by ASTM 7371-07 Report

E“ AFTInETEDT .
Reportin i P:r iyl E—
p g S SE— r;r:E f«.S"l—'I BT l![
IE‘&T:E&FWZTM}IEI e ST e B0 ATRA D
e Crcenir=tion L o ponert SIS
EWWM—' e P TN eE EOUATHE D
Medun Corcertrabon Component | 550055
ﬁg&:ﬁﬁﬁmuﬁ il ST NEhes B0 AT D
HohUmeerimbonUompanent [S0008sEL
. . 01 y YN |
* Reports can be automatically printed or o ‘ *4 |
saved (.rtf format) i | 111
*
* A running record of analysis results can = | |
be saved to a .csv file that can be N |
opened in Excel 2 ||
:CIZIJ 3800 3000 zsugm1 2000 1500 1000 =]
[Sample |nls!ﬁha [M-Phtaﬁhq'rﬂm |neaTaﬁ|FEug'_|
|UF-.'I'F!-' DoZiEE |h.__ 0.2 | . 26318
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“Starter” calibrations for ASTM D 7371

Low FAME Medium FAME High FAME

11.6 _ 34.2 _ 114.0 _

10 ] 100 |

80 |

Estimated
(6]
1
Estimated
Estimated

60 |

40 4

-0.6

T 1 T T T T 254 . .
0.0 5 11.0 10.0 15 20 25 32.0 30.0 40 60
Specified Specified

80 107.0
Specified

e Calibration models developed according to ASTM D 7371 methodology, using soy-
based biodiesel

* Separate PLS models for 0-10%, 10-30%, 30-100% FAME
e Start using the analyzer immediately
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Biodiesel Oxidation Stability Testing by DSC

Unique Fast Scan DSC technology DSC 8000/8500
for unmatched sensitivity and . Quickly screen for oxidation stability
' i} in less than 10 minutes

superior signal resolution so you
don’t miss transitions

Low-mass furnaces for quick
response time and high throughput;
‘I Power compensation design for true

Normalized Heat Flow Endo Up (Wig) 3 i
& 8 2 o 8 & B

t130°C Sample 1.2 3 a4 Isothermal measurements

Oxidation onset 155 167 155 134
i temperature
......... i (degrees Celsius)

OT summary
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NOVAS TECNOLOGIAS PERKINELMER
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High Speed Gas Chromatography

* O que significa “High Speed GC"?

Colunas Curtas (~2a5m)

Colunas capilares de diametro interno muito pequeno ( ~0,05 m)
colunas de filme estreitos

programas de temperatura rapidos

possibilidade de uso de hidrogénio como gas de arraste

fluxos de gas de arraste maiores
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Diesel Oil on the Clarus 600 with High Power Heater

1703 0.3pL Diesel Qil, fast injection
E 5m x 0.050mm x 0.050pm PE-1
160 50(0) — 120 — 70(0) — 90 — 115(0) — 70 -175(0) — 50 — 300(0) — 30 -
E 320
1503 H, at 40cm/s, 400mL/min split (~4500:1)
140%
110%
E —
30
0.(1)’ 0‘2 ' 0‘4 ' 0‘6 ' 0'8 ' 1‘0 1‘2 ' 1/4 1‘6 1'8 o ’2'6 2'2 ' 2'4 2‘6 2'8 / 3‘0 3‘2 ' 3‘4 3‘6 3‘8 '
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From the Restek Catalog

[W Diesel
Ritx®-1
(split injection) 30m, 0.32mm ID, 1.5um Rex-1 (cat# 10169)
1.0pL. split injection of a dieszl fusl #2 standard.
On-column concentration !165ng

mix cat.# 31093
Oven temp.: 40°C (hold § min.) to 300°C @
4°C/min. (hold 5 min.).
Inj. / det. temp.: 275°C 7 300°C
Carrier gas: helium
Linear velocity: 30cmisec, set & 40°C
Split ratio: 30:1
I
_;” hr-l--.. C-gram Iﬁ
min. 10 20 30 40 50 60 70
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C.—C,, ASTM D2887 Calibration Standard

E C10
e co
E Cl1
e c8 5.0m x 0.050mm x 0.050pm PE-1
E C12 40(0)-140-70(0)-105-115(0)-85-175(0)-60-300(0)-35-350(2)
E C14 H2 at 40cm/sec,
2204 e . . . .
° 4 ¢ Hot split injection at 375°C, 200mL/min split
E FID at 375°C
ZO(L;
7 C16
18(L:
16(é
14(é
E c18
12(%;
10c£ Cc28
3 Cc20 c24 32 36 C40 Ca4
=
40% " A Y l l I A A
20;_0‘ " s 1 Ganselho,Regional de Quimica IV Rggido (SR) — Apojg: Caixg Econdondica Fedgal * " "/, " " T LT T
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Gas Oill Cut

180%
1o 5.0m x 0.050mm x 0.050pm PE-1
E 40(0)-140-70(0)-105-115(0)-85-175(0)-60-300(0)-35-350(2)
160 H2 at 40cm/sec,
3 Hot split injection at 375°C, 200mL/min split
R FID at 375°C
10
13€ Gas Ol Cut
120%
110:5
60 MM
4c§ PSS A L A
;.O‘ ‘0‘.5‘ ‘1‘.0‘ ‘1‘.5‘ ‘2‘.0‘ ‘2‘.5‘ ‘3‘.0‘ ‘3‘.5‘ ‘4‘.0‘ ‘4‘.5‘ ‘5‘.0‘ ;. ‘5‘.5‘ ‘6‘.0‘ ‘6‘.5‘
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From the Restek Catalog

[ Sim Dist - [W Sim Dist
ASTM D-2887 C5 to C44 Standard : ASTM D-2887 Reference Gas Qil #1
Rtx®-2887 ; Ritx®-2887
(direct injection) (direct injection)
10m, 0.53mm 1D, 2.65pm Rex-2887 (caLs 10199) i 10m, 0.53mm 1D, 2.65pm Rix-2887 (car# 10199)
1.0yl direct injection of a 0.1 to (.01 wt % hydracarbon 1.0pL direct injection of a 0.1 1o 0.01 wt % hydrocarbon
standard in carbon disulfide. : standard in carbon disulfide.
Oven temp.: 35°C o 360°C @ 15°Cimin. (hold 5 min.} : Oven temp.: 315°C to 360°C & 15°C/min. (hold 5 min.)
Inj. & det. temp.:  360°C i Inj. & det. temp.:  360°C
Carrier gas: nitrogen : Carrier gas: nitrogen
Linear velocity: 112cmvfsec. (!Smlfmin.) E Linear velocity: 112cmvsec. (15mLimin.)
234 5 6 T 8
I. pentane
8 2. hexane
1 3. hepzne
4. octane
5. nonane
. decane
7. undecane
10 8. dodecane
9. temadecans
10. hexadecans
11. octadecans
12. cicosane
13, tetracosane
14. octacosane
1 15. dotricontane
16, hexarriconiane
17. wetraconians
18, tetratetracontane

4 15 15 17 18

min. 5 10 15 20 pamicne
c-gram #4013
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SWAFER

SWAFER

EXISTEM DOIS SWAFER :
D-SWAFER E O S-SWAFER
D-SWAFER

« PODE-SE FAZER BACKFLUSH DE
MAIS PESADOS E TAMBEM DO
SOLVENTE QUE FOI INJETADO

« PODE-SE FAZER SPLIT DE UMA
COLUNA PARA 2 DETECTORES, OU
2 COLUNAS PARA UM INJETOR

« PODE-SE FAZER DESVIO DE
SUBSTANCIAS QUE : NAO SEPARAM
EM UMA COLUNA E “JOGAR” ESSAS
SUBSTANCIAS EM OUTRA COLUNA,
COMO UM SISTEMA GCXGC.

« PERMITE DEIXAR INSTALADOS
HEADSPACE E INJETOR LIQUIDO, OU
COM ATD

« S-SWAFER, APLICACOES MAIS
RESTRITAS
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detector

restrictor uu

injector

[l m—

21N

w)
<
©

column

=

detector

®

P1 restrictor
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Injector restrictor

(¢ A <§> @ —

column
Injector (or HS, ATD_P&T)
restrictor
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i Swafer, Utility Software

PerkinElmer Swafer Utility Software 1>

Version 1.00.09 - Copyright 2009 PerkinElmer

For the Better

@ 0.
El O
I ¢ N
D1 D2 D3 D4 D5

o —J]® o

= | = 1

— @re | rm o
o fro
D6 D7
@ i T,
o B
I.— . -.g T - =]
L2 =
rO
IO I ﬁ;gg
s2 S3 S4 S5 S6
This utility software is made available solely as a reference tool. It is provided only on
e i an "AS |5" basis and on the express condition that it is neither warranted nor supported
e il by PerkinElmer, Inc. PerkinElmer assumes no responsibility or liability for the use of
this utility software.
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100 L

0 . | | | | | |

10 30 50 70
C C
100 ‘ °
M N
O T T T T T T T
1 3 5 7

Significantly reduces runtime

Less wear on column; therefore, they last longer ... reduces costs
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"IJ.T.I-' Swafer Setup Utility - D4 Configuration

-~ General
‘ D4 Carrier Gas m
Ambiert Temp [250 T
Ambient Pressure lrpsi[a]
Pressure Units o = ~Restrictor 1
Cadh Wcm ~Detector 1
o T Length/Type Iﬂ
~Injector ——————————— Flows Wmumin e T
Length/Type m Track Col 2 v
Temp 257 T :mm
Transfer Ling [
Length Wcm ~Oven PPC2 .
o o ITQC /"_\ Pressure WDSI[Q]
\E
~Column 1
Length Wm ﬁ
'd |20 wm  Detector 2
e Flaw Wmumin LengthTope Iﬂ
Pressure iﬁpsi[g] Lackile Temp [260 °C
~Column 2
Length lﬁ_m
id |20 pm
Flows ﬁED_mLJmin
Frint | Help | Exit | Lock [
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METODOS ANALITICOS PARA BIOETANOL
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Bioethanol
Property BEuropean Union United Sates Brazil Technology @ngili ty
pr EN 15376 ASTM D4806
Bhanol: %vol Calculated ASTM D5501 ASTM D5501 GC v
Bhanol + C3-C5 sat alcohols: %vol DIN 51627-3 ASTM D4052 GC v
C3-C5 sat alcohols: % vol DIN 51627-3 Calculated GC v
Methanol content: %vol DIN 51627-3 ASTM D5501 GC v
Denaturant: %vol * Set by country GC v
Hydrocarbons: %vol * NBR 13993 GC v
Gopper: mg/kg ** BN 15488 ASTM D1688 NBR 10893 ICP v
Sodium: mg/ kg ** ICP v
Iron: mg/ kg ** IcP v
Phosphorous: mg/| ** BN 15487 IcP v
Qulfur: mg/ kg ** BN 15485/ BEN 15486 ASTM D2622/5453  NBR9867 ICP v
Iliermantation process *** LC v
C- Content in Biofuels**** LC v

* not specified yet, can be measured by GC

** Intended to be measured by ICP-OES

*** not specified yet, can be measured by LC
***% not specified yet, can be measured by LSC
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ASTM D5501, DIN 51627-3

Fastest heat-up and cool-down For determination of methanol,
conventional GC oven optimizes ethanol, other alcohols ranging
productivity ; from C1 to C5 (extending to C10)
| and other denaturants
(hydrocarbons and aldehydes)

Rapid Ramp-up - consumables
package with calibration
standards provided

bbb fro fun o

\\‘\L\\\\\\\\\\\\\\\\\\\

é%* [
i i T T SR s

Overlay of Calibration standards Typical Chromatogram of Bioethanol
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Ethanol for Fuel - ASTM D5501

* Clarus 500/600 GC with Liquid Autosampler and
programmable pressure control (PPC)

« TotalChrom control and data handling software
» Capillary Injector
* Flame lonization Detector (FID)

— Ethanol 93-97%

— Methanol 0.1-0.6%

— Higher boiling components 3-6% total

Inside the oven:

Column- Elite 1, 100-150 meter, 0.5 um film thickness, 0.25
mm ID

» Any column allowed that can give separation
* Long columns = long analysis time

« Some people use 30m BACL1 type column for
10 min analysis

« Ethanol can be blended into gasoline E10 - E85
* Pure ethanol at Indy 500
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Ethanol fuel by GC/FID; 100m x 250u x 0.5u RTx1-PONA

[o]
]

g &

]
[m]

th
)
II|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|

—~
m]

m]
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Ethanol fuel contaminant compounds

: Sys

rmefrenol 728

Eacetaldehyde 728

racetal (1,1-diethoxy ethane) 728

wethanal 0.5min wide | 8.06

tacetone o.80

dsapropyl alcohol 916

ethyl formate 9.53

t-butyl alcohal 991

n-propyl alcohol 11.12

2-butanal 13.02

rethyl acetate 13.51

sobutanol (Z2-methyl-1-propanol) 14.19

1-butanaol 15.71

dsoamyl alcohol (3-methyl-1-butanal) 15.70

h-armyl alcohol (1-pentanol) 19.93

Ean::tive amyl alcohol (sec-butanoli(Z2-methyl-1-butanal)

ESystem 1: 100m x 2500 x 0.5u BTx1 PORMNA Mo resolution acetaldehydefmethanaol
Zhcmisec H2Z @& A0degC Foor resolution high conc ethanolfacetonefipohf/ethyl formate
AN 220d e g/ minZ25001 0 =35min marginal resolution high conc ethanolt butanol
D.5uling split 40mlimin - _____________________capable of 10ppm, rmaybe down_to 2ppm _ o ___________
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Bioethanol Fermentation Determination by LC

Flexar HPLC
Refractive Index Detector
Excellent reporting capabilities with L Fastest method for determining ethanol
TotalChrom an ; produced and monitoring of fermentation
{ ; broth — now only 10 minutes

24 Hour Fermentation Sample -
Peak List

1 1. dextrin

2. maltose

3. d-glucose
| | 2 4. I-lactic acid
[ [ % 5. glycerol
/

Al asegd | 1 Determines wanted and unwanted by-
i products during fermentation process

o3 RN
E ‘ f
/

T, AT B,

"
w
oo

\ 1 |
\ 6 |
- \&[ \.\',“‘.T F‘T./. \\,*f.\.%—“ﬁﬁ-ﬁj \“‘—

=f
LRI LA AL LAARE LA LA RRALE] HHY RLIRLEI] LSRR AL RN AR ARA|
00 05 10 15 20 25 30 35 40 45 50 55 60 65 W 75 80 &5 90 %5 iDI.U 105

Typical HPLC chromatogram and report
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SISTEMA FLEXAR HED

Control Panel

sid1:UVDet-31:2

Solvent Degasser and Mobile

Phase Bottles \

o

lexar LIV-Vis Detestor B: Turn Lamp O

lexar Bl Detestor: Autozera

Manual Control

Pump Settings | Flow Rate (mL/min) %A 0 %80 =
 —r—| 100 | oo | s |
Purge Pump Flow R ate (mL/min) %,
| Aoply | 1.00

Flush Autosampler  Flush Volume (L)
 —r—
Peltier Tray Temperature ['T) T olerans

v ||
Oven Temperature ('T)  Tolerance +/

| T % |
Flexar UY-Vis Detector A: UV-Vis Detector  Wavelength (nm)
[ Borly ] e |

“Wavelength (nm) | Samping Rte (pls/s)
[ — 50
Flexar Rl Detector: Rl Detector  Temperature (C) | Sensitivity Polarity
Apely )| B | Han | e

Samping Rate (pls/s)
50

Sampiing Rt (pis/s)
05

>

FlexarAutosampler

Flexar Isocratic Pump
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Fermentation Analysis using Aminex Column

Fast easy assay for eight Fermentation analytes

Column: BIO-RAD Aminex E
Mobile Phase: 0.001M H2S0O4 ™
Flow rate: 0.8 mL/min

dextrin
maltotriose
maltose
d-glucose
I-lactic acid
glycerol
acetic acid
ethanol

e
50
00
\E

207

24 Hour Fermentation Sample

Peak List

1. dextrin

2. maltose

3. d-glucose
4. |-lactic acid
5. glycerol

6. acetic acid
3 8. ethanol

=

00 05 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 M0

TTTTTTTT]
D105
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ANALISE DE METAIS EM ETANOL POR ICP

Table 1 - Calibration Standard Concentrations, mg/L

Table 2. System Operating Parameters

Std 1 Std 2 Std 3 Std 4
Copper 0.05 0.10 0.20 0.40
Phosphorus 0.10 0.50 1.0 1.5
Sulfur 1.0 5.0 10 20

All analyses were performed on a PerkinElmer Optima 7300DV atomic emission
spectrometer utilizing the axial plasma view for best sensitivity. The system was
operated in high resolution mode to achieve complete separation between closely spaced
wavelengths of copper and phosphorus.

Sample infroduction system compnsed a PFA microspray concentric nebulizer equipped
with a 100 uL/min self-aspirating capillary (ESL Omaha. NE), a quartz cyclonic spray
chamber. 1.2 mm i.d. ceramic injector and 3-slot quartz torch (PerkinElmer, Shelton,
CT).

Plazma Gas Flow 20 Limin
Amnzaliary Flow 0.5 L'mm
Nebulizer Gas Flow 0.60 L/'min
EF Power 1500 Watts
View Axial
Eesclution High
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METODOS ANALITICOS PARA BIOCOMBUSTIVEIS
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FIELD

APPLICATION ICP—Optical Emission Spectroscopy
REPORT

Figure I. Alarge volume cyclonic spray chamber was used. Due to the “total

consumption” nature of the system, no drain was required.

Author Contributor
Danicl H. Jones Nathan Sactveit
PerkinElmer, Inc. Hlemental Scientific, Inc. Table 2. Samples were spiked by weight with 160 ppb organo-metallic multi-el tstandard. Samples were then analyzed against
710 Bridgeport Avenue 2440 Curning Street a calibration curve made in heptane.
Shelton, CT 06484 Omaha, NE 68131 Butane (1:5) Naptha Gasoline Hexane Hexadecane (1:5)
Analyte Conc.  Spike% Conc.  Spike% Conc. Spike % Conc.  Spike% Conc. Spike %
ppb  Recovery ppb  Recovery ppb Recovery ppb  Recovery ppb Recovery
A Novel Anal sis Of Al 308.215 <50 102 <10 97 <10 95 <10 103 <50 96
Hiehly Volatil YS 1 N— Ca317933 < 103 1 100 1 89 B 9 30 %
ntroduction
ighly Volatile Solvents . ; €d 228802 < 104 <1 98 <t 91 <1 102 <S 98
G 5 The analysis of volatile solvents for trace
us1ng the Pe rk]nElme r metal contamination is important for a Cr267.716 <5 10§ 1 100 <1 99 1 102 s 101
¥ . variety of reasons. Inorganic contami-
Optima 7300 DV with a  nants can damage the refinery process Cu327.393 < 103 2 99 8 97 1 103 10 101
. and certain catalysts can be poisoned
Total Consumptlon Sample rmaking the chemistry of the pracess Fe 238204 <5 103 1 99 1 94 <1 101 S 9
. e ineffident. These contaminants may also
InthdU(-tlon SYStem be harmful to the products the solvents us 285213 <§ i 2 o8 <1 99 2 102 10 97
are used in. They may cause premature Mn 257.610 <5 104 1 99 <1 98 1 102 S 100
breakdown or wear of mechanical equip-
ment. Perhaps most importantly, these Mo 202.031 <15 102 <3 99 <3 84 2 101 10 97
contaminants may be discharged into the Pb 220353 <75 102 <1 o4 11 91 16 86 15 04
environment causing harmful effects to
ecosystems. Ti334.940 <5 104 <1 100 <1 91 <1 104 <5 102
V290.880 <§ 105 <1 100 <1 88 <1 103 S 101
Zn 206.200 <5 102 23 101 29 92 <1 o8 <5 97
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Sample Introduction System

Petrochemical/Organic Solvents High Efficiency Introduction System

| Vacuum

Valve3

PE Optima

PFA-ST
Nebulizer

Valve1

Sample High-Efficiency
SC Autosampler Loading - Svri Cyclonic
w/FAST Duo Controller & Syringe  iSyringe Pyrlngg Spray
FAST Syringe Controller Pump {Pump1 ump Chamber

Waste Waste ﬁ ‘

Valve2 Carrier

Salifion Continuous

Low-Flow Inert
Syringe Pump
System

Waste
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Alguns CLIENTES

I'rom methanol to ethanol

BRAWNVGF

For many years, 100 percent methanol was used in the high-performance
race carengines. In 2006, the IndyCar Series introduced a blend of 90

percent methanol and 10 percent ethanol as a transition fuel before full Home  Rae  latetlews  fotres Gy Tem Wl paties

© Member Login

incorporation of ethanol. The IndyCar Series” conversion to the renewable

Emal address

fuel was introduced by the late Paul Dana, a driver who was killed in 2006 prvor

i i } ; i : Y J [ Remenverlie?
during a practice session, and was supported by the Ethanol Promotion and 7 i‘%‘
Information Council (EPIC), a non-profit alliance of ethanol industry , \ v

leaders — © Merchandise

The use of the Clarus GC for fuel analvsis Our Race Westend Gallny ek Viw

Brawn GP's Rubens Barrichelo won the 2003

European Grand Prix at the Valencia Strest Circut
PerkinElmer tests use its Clarus® chromatography (GC) controlled by a i e o h ' q

» Read more

PerkinElmer TotalChrom® chromatography data system for collecting, L — Brann GP On The et
processing and reporting data. The Clarus GC separates the fuel to identify H” = ‘ Y .‘ﬂ
» Read more %
additives that may give one car a competitive advantage over others. The
lensonButton.com
" ; i " " SRAHAM ;i
testing takes approximately 5 minutes and can detect impurities down to PerkmEImer Barrichello.com.br
i HENRILLOYD Forthe Betir

rawn GF Formula Ona Team | Disciaimer Contact s | Media | Website Feedback | Fan Gl

concentrations of 0.10 percent,

Conclido (8 @ Intemet 100% -
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MUITO OBRIGADO!

Romao B.B. Jr.

Supervisor de produto
11-3868-6231/ 8457-5587
romao.junior@perkinelmer.com
www.perkinelmer.com
www.perkinelmer.com.br

First \

First First First First
commercial capillary commercial  commercial ICP-OES
IR columns GC LC with with a solid-
headspace gradient state detector

sampler capability custom-
designed
for the
technique
| .......... e, I T [ T I I 5 [L—
1 1 1 1 ] T T L] T 1 L L L L L L L L L = ol

L] ®
Pe r kl n E I m e r First First First First First
commercial commercially commercial commercial Dynamic
GC successful AA graphite ICP-MS Reaction Cell
. furnace AA ICP-MS
or the Better st
commercial

power-
compensation

DSC /
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