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FUNDAGAO UNIVERSIDADE FEDERAL DE SERGIPE
DEPARTAMENTO DE RECURSOS MATERIAIS

PREGAO ELETRONICO SRP 003/2018

PROCESSO ADMINISTRATIVO 23113.021432/2017-39

A empresa BIOMA CIENTIFICA EIRELLI EPP, inscrita sob o CNPJ 07.993.655/0001-57, sediada na Cidade de Belo
Horizonte/MG, a rua Ernesto Austin, 307 - Balrro Boa Vista - CEP 31060-430, vem tempestivamente apresentar
CONTRA RAZAO referente ao Recurso impetrado pela empresa TECNAL INDUSTRIA, COMERCIO, IMPORTAGAO E
EXPORTAGCAO DE EQUIPAMENTOS PARA LABORATORIOS LTDA, CNPJ 47.010.566/0001-68, conforme os fatos e
motivos a seguir expostos.

I - DO DIREITO

A Constituicdo Federal prevé, no seu art. 37, XXI, a contratacdo de obras, servigos, compras e alienagdes mediante a
observacdo do principio da isonomia, assegurando a todos os concorrentes a igualdade de condigdes. A
obrigatoriedade da aplicagdo do principio é reiterada no art. 3° da lei 8.666/93.

O principio da isonomia pode ser considerado como um instrumento regulador das normas, para que todos os
destinatarios de determinada lei recebam tratamento parificado.

Todos os dispositivos da lei de licitagdes ou regulamentacdo de um especifico processo licitatorio devem ser
interpretados a luz do principio da isonomia o qual, ndo objetiva a proibicdo completa de qualquer diferenciacdo entre
os candidatos, pois essa ira ocorrer naturalmente com a selecdo da proposta mais vantajosa a administracdo publica,
sua verdadeira aplicagdo é a vedagdo de qualquer discriminagdo arbitraria.

Cabe salientar que apesar da caracteristica de essencialidade da isonomia, ela ndo pode ser exacerbada, mitigando
busca da proposta mais vantajosa, assim ndo é cabivel que um defeito irrelevante ou perfeitamente sanavel exclua
uma possivel melhor proposta, mesmo por que essa exclusdo gera além da ofensa ao principio da “vantajosidade”,
uma ofensa ao proprio principio da isonomia quando se retira da concorréncia um candidato perfeitamente apto.

A isonomia deve ser pilar de todo o processo licitatério tanto durante o ato convocatério, que é aberto a todos, dentre
0s quais serdo selecionados os que se enquadram nas caracteristicas necessarias, exceto aqueles que por ato anterior
estejam impossibilitados de participar, e na fase seguinte do processo, sendo que o julgamento das propostas deve
ser feito baseado nos critérios objetivos delimitados no ato convocatério, sem qualquer influéncia subjetiva, ou
preferéncia dos julgadores também nessa fase.

Cabe ao Estado, em casos que haja qualquer tipo de questionamento a aplicacdo ou ndo da isonomia, usar do
principio da proporcionalidade, afim de que ndo sejam comprometidos o interesse publico nem a equidade entre os
concorrentes, para que assim a licitacdo ocorra de forma justa e que venha a sanar as necessidades que ela se
propde.

Assim é obrigagdo da administragdo publica ndo somente buscar a proposta mais vantajosa, mas também demonstrar
que concedeu a todos os concorrentes aptos a mesma oportunidade.
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II - DOS FATOS

Diante da adjudicacdo e habilitagdo da empresa BIOMA CIENTIFICA EIRELI EPP, em andlise ao referido edital e a
descricdo detalhada do objeto ofertado da Marca MACYLAB INSTRUMENTS, equipamento Espectrofotometro de
Absorgdo Atomica, Modelo AA-1800D, vem esclarecer os seguintes questionamentos da empresa recorrente:

19.: Equipamento de simples ou duplo feixe.

Resposta: Normalmente, os equipamentos da MacylLab ndo apresentam a informacdo de feixe Unico ou duplo em sua
descricdo, devido a uma maior precisdo no caminho de fluxo de gas que é um dispositivo de seguranca automatica
projetado em canal duplo com gas combustivel em seu sistema de extingdo, evitando quaisquer interferéncias em
suas analises. O Espectrometro Absorcdo Atomica AA-1800D, possui feixe simples com corrente direta e alternada,
proporcionado as seguintes vantagens: Menor custo de fabricacdo e Maior aproveitamento da luz. Enquanto que
espectrometros de feixe duplo possui as seguintes limitagdes: Maior custo de fabricacdo e Menor aproveitamento da
luz, pois neste tipo de instrumento, a luz é dividida em dois feixes antes de atingir a amostra. Deve-se ter o cuidado
para ndo confundir um feixe que ja sai duplicado da fonte de radiacdo com um feixe que é duplicado somente apds
atravessar o monocromador. No caso do espectrofotometro de duplo feixe, a fonte de luz emite somente um feixe,
que chega ao prisma ou rede de difracdo, como no espectrofotdmetro de feixe simples, e somente depois de passar
pelo monocromador é que o feixe é dividido em dois. Um dos caminhos do feixe é utilizado para a referéncia e o outro
para a amostra. Embora as medicGes de comparacdo de instrumentos de feixe duplo sejam faceis, os instrumentos de
feixe Unico podem ter um alcance dinamico maior e sdo opticamente mais simples e mais compactos.

29.: Atende comprimento de onde de 180nm-900nm, edital solicita 175 to 900nm.

Resposta: Atende plenamente a faixa UV-Visivel de 180-900nm, conforme destacado na pagina 9 do manual. Para
uma maior compreensdo do assunto, todos os elementos quimicos que sdo analisados em Espectrometros de
Absorgdo Atdémica, operam exclusivamente na faixa de 193nm & 852nm, conforme tabela anexa. Portanto, o
equipamento Espectrometro Absorcao Atémica AA-1800D, abrange amplamente os comprimentos de onda desejados.

Lampdadas Deutério
Elementos Comprimentos de onda
(nm)

Na 589,00
Mg 285,21
AL 309,27
Si 251,61
K 766,49
Ca 422,67
Sc 391,18
Ti 364,27
\Y 318,40
Cr 357,87
Mn 279,48
Fe 248,33
Co 240,73
Ni 232,00
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Cu 324,75
Zn 213,86
Ga 294,36
Ge 264,16
As 193,70
Se 196,03
Rb 780,02
Sr 460,73
Y 410,23
Li 670,78
zr 360,12
Nb 334,91
Mo 313,26
Ru 348,89
Rh 343,49
Ag 328,07
cd 228,80
In 303,94
Be 324,86
Sn 224,61
Sb 217,58
Te 214,27
Cs 852,11
Ba 553,55
Pd 244,79

39.: Modulagdo Assimétrica para reducao de ruido em até 40%.

Resposta: O Espectrometro Absorcdo Atémica AA-1800D, possui uma Configuracdo de ganho que apresenta 3
selegdes, x 1, x 2 e x 4. Geralmente, o ganho padrdo é x 1. Os ganhos de x 2 e x 4 sdo projetados para reducdo
negativa de alta tensdo e para melhoria de estabilidade de deteccdo ou redugdo de ruido eletrénico. De qualquer
forma, selecionando a parte eletrOnica estatica mantém a condicdo ideal para reduzir o ruido total em 40%,
melhorando o limite de detecgao.

409,: Corregdo de BG por HYPER PULSE.

Resposta: Possui ignigdo de corregdo eletronica de pulso, conforme consta na pagina 9 do manual.

59,: Lampadas de catodo OCO.

Resposta: Todas as 10 lampadas sdo de escolha do laboratdrio que constam em nossa proposta comercial.
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69.: Ajuste continuo da largura da fenda de 0.1 a 2.0 nm com selecdao automatica (Onm, 0.2nm, 0.4nm, 1.0nm,
2.0nm).

Resposta: Espectrometro Absorgdo Atomica AA-1800D, apresenta ajuste continuo e selecdo automatica selecionavel
da Dispersédo Linear Reciproca: 2 nm e Largura de banda: 0.nm / 0.2 m / 0.4nm / 1.0nm / 2.0nm, conforme pagina
9 do manual.

7°.: Calibragdo com 10 padroes.

Resposta: Espectrometro Absorgdo Atomica AA-1800D, apresenta 4 métodos de adaptacdo, cada curva até 10 pontos,
com equacdo curvilinea, equagdo de curva linear, equacdo de curva quadratica, equacdo clubica e equagao quartica.
89.: Apresentacdo do equipamento MacylLab em site da BIOMA CIENTIFICA.

Resposta 1: http://biomacientifica.com.br/site/item/196

Resposta 2: Carta de Autorizagdo do fabricante anexa com traducdo juramentada em portugués.

Portanto, ndo vemos nenhuma consisténcia quanto as alegagdes infundadas da empresa Recorrente, uma vez que o
equipamento ofertado, atende plenamente a todos os requisitos técnicos, superando além de tudo algumas
caracteristicas técnicas do objeto em Edital.

III - DO PEDIDO

Diante todas as fundamentacdes apresentadas, requer-se o Indeferimento do Recurso impetrado pela empresa
TECNAL INDUSTRIA, COMERCIO, IMPORTACAO E EXPORTACAO DE EQUIPAMENTOS PARA LABORATORIOS LTDA e o
Provimento da presente CONTRA-RAZAO, com a manutencdo da decisdo proferida, para que seja mantida a decisdo
em apreco, declarando-se a empresa "BIOMA CIENTIFICA EIRELLI EPP” - CNPJ 07.993.655/0001-57, Habilitada e
Homologada para prosseguir no pleito como empresa ganhadora do item 08 do referido certame.

Sem mais para o momento, subscrevemo-nos.

Belo Horizonte, 12 de junho de 2018

Marcello Ribeiro Rodrigues
Sdécio Administrador
Responsavel Técnico-Cientifico
RG M3-216.606 SSP/MG
CPF 574.989.116-04
CRBIO-04: 93238/04-D
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Chapter 1  Introduction

1.1 Instrument Description

AA-1800D is a multifunctional atomic absorption spectrometer with two background correction methods,
D lamp background elimination and self-absorption background deduction. It is a high precision analytical
instrument integrates flame atomic absorption spectrometry (abbreviated as FAAS), and hydride generation
atomic absorption spectrometry (abbreviated as HG-AAS), and graphite furnace atomic absorption
spectrometry (abbreviated as GFAAS), and atomic emission spectrometry (abbreviated as AES). An
auto-sampler is optional to equip with graphite furnace atomic absorption spectrometry. AA-1800D is widely
used in geology, metallurgy, mining, petroleum, chemical industry, mechanical, agriculture, food industry,
medicine, health, antiepidemic, environmental protection, and other industries. And it is an essential high
precision analytical instrument for scientific research institutes, colleges and universities, and related
enterprises.
AA-1800D can be used for analyzing metallic elements, amphoteric elements, and alkali elements. It's a high
precision analytical instrument with high performance and its determination range can be from ppb to ppt.
Following are the features of AA-1800D:
< Advanced determination of flame atomic absorption spectrometry
It is developed by experienced professors and senior engineers who are engaged in analytical instrument
industry of atomic absorption spectrometry for many years. The background correction with Deuterium
hollow cathode lamp can eliminate the interference of molecular absorption in low content determination.
The detection sensitivity is greatly improved, and the value is less than 0.015 ug/mi/1%.
<~ High detection sensitivity and low detection limit of hydride generation atomic absorption spectrometry
The import known-how such as the advanced pneumatic component theory, and high performance hollow
cathode lamp guarantees the hydride generation atomic absorption spectrometry performing a high
detection sensitivity and low detection limit. For example, the detection sensitivity of Arsenic element is
better than 0.08 ng/ml/1%. The instrument precision is also greatly improved.
<~ Convenient software operation system provides reliable data processing result
The data processing system of AA-1800H is an application of new data processing achievement in the
field of atomic absorption spectrometry. It provides reliable data processing result. Meanwhile, the special
designed operation software system is advanced and convenient.

<~ A partly substitution of graphite furnace atomic spectrometry

3
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The atomic absorption spectrometry together with on-line enrichment by the pneumatic flow injection
system designed by ourselves can determine some elements and obtain a high sensitivity, that means it is
a partly substitution of graphite furnace atomic spectrometry for certain elements. Thus, it not only
reduces the testing cost, but also improves the instrument utilization.

<~ Special designed double-loop power supply for the high performance hollow cathode lamp
AA-1800D uses special designed double-loop power supply for the high performance hollow cathode
lamp, which is convenient for lamp adjusting. It not only improves the lamp energy of some element, but
also improves the detection sensitivity to several times. And the performance indexes of the instrument
such as stability and detection sensitivity are greatly improved.

< Unigue micro-volume sampler with constant current pulse
A unigue micro-volume sampler with constant current pulse that designed based on the pneumatic
component theory is optional to equip with flame atomic absorption spectrometry. The sample volume can
be reduced to 0.1 ml, however, there is few influence on the detection sensitivity. And a relative standard
deviation about of 1% can be obtained. Thus, it is very significant to medicine and health care industry.

<~ Innovative detection system
Innovative atomic absorption detection system guarantees the instrument having an excellent stability. For
a non-zeeman atomic absorption spectrometer, the detection precision of 0.0001A makes it to be unique.

<~ USB communication port
The instrument is controlled by the USB port of computer, which is an advanced communication method.
User can choose the computer as required, and that is also available for other laboratory use. However, to

avoid viruses, please don’t use this computer for internet surfing.

1.2 Instrument Structures

AA-1800D multifunctional atomic absorption spectrometer includes following parts: Atomic absorption
spectrometer together with graphite furnace and flame atomization system, power supply of graphite furnace,
auto-sampler (optional), computer and printer, and air compressor.
1. The main structure of the atomic absorption spectrometer
The main structure of the atomic absorption spectrometer includes the light source and optical system, the
gas control system, security control system, graphite furnace and flame atomization system, electronic
control and detection system, mechanical lifting system, and other optional systems.

1) The light source system

Tel: 400-616-4686 http://www.macylab.com
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The light source system is composed of a light rack and a deuterium lamp holder. The light rack can hold
six lamps, and the deuterium lamp holder is only for the deuterium hollow cathode lamp.
Among the six positions of the light rack, four positions (lamp holders from No. 1 to No. 4) are for normal
hollow cathode lamps (abbreviated as HCL), two positions (lamp holders of No.5 and No. 6) are for
high-performance hollow cathode lamps (abbreviated as HPHCL).
For HCL, each lamp position can be adjusted automatically, and the lamp current can be set from 0.5 mA
to 9.9 mA. Usually, the best working current is between 1 mA and 5 mA. The system default value is 3 mA.
For HPHCL, it is controlled by the main current and the auxiliary current. Both the main current value and
the auxiliary current value can be set from 0.5 mAto 9.9 mA. The best working range of the main current is
between 2 mA and 6 mA, and it’s better between 1 mA and 7 mA for the auxiliary current. The system
default values are 4 mA and 3 mA respectively for the main current and the auxiliary current.
Note: Don’t plug HCL into HPHCL holder.
For the deuterium hollow cathode lamp (abbreviated as D,), its lamp current can be set from 0.5 mA to
19.9 mA. The best working current is between 6 mA and 12 mA, and the system default value is 6 mA.

2) The gas control system of FAAS
The gas system of flame atomic absorption spectrometer provides enforced protective measures with a

ventilation device and other security measures. Following is the diagram of the gas system (Fig. 1-1).

Atomization device Atomizer chamber  Flame ignitor
N

h

CzH: Flowmeter

=<1 Ignition solenoid valve
Pressure meter

CzHz Needle valve

CzH: Solenoid valve

Air C2H:2
Fig. 1-1
When the electricity fails, the gas of C,H, will be cut off by closing its solenoid valve, and the air will be cut
off at the same time. Then, the flame in the combustion chamber will be blown out by the residual air in the
pipeline, so that the instrument won’t backfire, and the personal safety is ensured.
When an operational error occurs, cut off the air first, then the air pressure will decrease gradually. The air
pressure switch K1 will be off when the pressure is down to about 0.06kg/cm?, and the gas of C,H, will be
cut off by closing its solenoid valve, the residual C,H, will burn out and the flame will be blown out by the

residual air in the pipeline, and both the instrument and the personal safeties are ensured.
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Following pressure settings are suggested:
Air pressure: 2.5 kg/cm? (0.25 MPa).
C,H, pressure: 0.8 kg/cm? (0.08 MPa).

3) The flame atomization system
The flame atomization system includes the burner, nebulizer chamber, nebulizer and position lifting
system. With the flame atomization system, the sample is atomized and ready to be analyzed.

4) The optical system
The optical system includes the first lens and the second lens, semi transparent mirror, collimating mirror,
grating and slits. Most of the light from the hollow cathode lamp are focused on the grating through the
optical system, then be separated to the character spectrum, and later transmit to the photomultiplier.

5) The detection system
The detection system includes the photomultiplier, preamplifier, detection amplifier, control circuit, and
auxiliary circuit system. Its function is to convert optical signal to electrical signal, and the electrical signal
is amplified and later be sent to the computer for further processing.

6) The mechanical control system
The mechanical control system includes the flame and graphite furnace moving platform, slit and
wavelength drivers, lamp position adjustment system and burner position regulating system.

7) The graphite furnace system
The graphite furnace system consists of the graphite furnace and the power supply of heating control
system. The graphite furnace includes the graphite tube, graphite cone and the electrode with water
cooling system. It is designed with the shielding gas of argon inside and outside the graphite tube, which
are controlled by the computer. The sample can be added into the graphite tube, and then be heated to
3000°C.
The graphite tube is the core of the atomization system for graphite furnace spectrometer, where the
ground state atoms are produced. And it has a direct impact on the detection sensitivity, repeatability and
other indexes. Usually, the graphite tube is made of special graphite material with high purity, high density
and high strength. There are kinds of tubes such as ordinary, pyrogenic plated and plated platform
graphite tubes. The detection sensitivity, repeatability and the service life of the ordinary graphite tube are
worse than those of the pyrogenic plated graphite tube. The plated platform graphite tube has the best
measurement repeatability. However, it is only applied to the medium and low temperature elements. The

pyrogenic plated graphite tube is much suitable for medium and high temperature elements.
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The detail structure of the graphite furnace body includes the graphite cone, furnace body, cooling water

pipeline, shielding gas pipeline, shielded quartz window, optical sensor, temperature sensor, lock cylinder,

furnace body bracket and electrodes contact.

a. Graphite cone
The graphite cone is divided into two halves, the left and the right, and its material is the same as the
graphite tube. It is designed for the effective support and protection of the graphite tube. For one way, it
ensures the graphite tube with ultimate reliable contact, and the contact resistance can be less than
several hundreds of microampere. For another way, under its protection with inner and outer argon, the
graphite tube won’t be oxidized, so that its service life can be extended.
Both the left and the right parts of the graphite cone are closely fixed onto the furnace body (electrode
bracket). For the dismantlement of the graphite cone, please refer to chapter 7.3.

b. Furnace body
The furnace body also contains two halves of the left and the right. And it consists of the lock cylinder
and the support bracket. When it reaches the rating pressure, the graphite tube will be locked and a
loop forms. The initialization conditions are prepared and the instrument is ready to carry out the
procedure.
There is a water cooling pipeline in the furnace body, which is designed for rapid temperature
decreasing of the graphite tube and graphite cone.
And there is a shielding gas pipeline in the furnace body, which is designed for shielding gas for graphite
tube and graphite cone. The shielding gas is pure argon with the pressure of 0.3 MPa, and the flow of
1.5 L/min.

c. Shielding quartz window
The shielding quartz window is designed to avoid the argon leaking by air shielding. It also contains two
halves of the left and the right. The characteristic spectrum of the element lamp passes through the
shielding quartz window. The argon respectively inpours to the inner and outer at the two ends of the
graphite tube. The external gas discharges from the graphite cone, and the internal gas discharges from
the sampling hole of the graphite tube.

d. Optical sensor
The optical sensor is designed in the furnace body at the entrance of the light. It is used to detect the
inner temperature in the graphite tube. It will send the real-time optical temperature signal to the

computer when the optical sensor is chosen to monitor the temperature.
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e. Temperature sensor
The temperature sensor is designed on the right furnace body. When the temperature of the furnace
body reaches 80°C, the real-time message will be sent to the computer. The computer will stop the
heating program automatically and alarm. The heating program also won’t be carried out if the water
cooling device is not switch on.
f. Lock cylinder
The graphite tube is clamped by the lock cylinder. It needs switching on or off the lock gas urn to replace
the graphite tube. The lock gas urn is designed at the bottom of the furnace body. If it's not switched off
or is not clamped well, the computer will alarm. Besides, the computer will record the using times of the
graphite tube. User can determine to replace the graphite tube or the graphite cone according to the
using times, the sensitivity decline and alarm caused by the bad contact of the graphite tube.
g. Electrode contact
The electrode contact is reliable fixed on the furnace body. It forms a loop together with above parts.
h. Furnace body bracket
Above parts are all fixed on the furnace body bracket. And the furnace body bracket is placed on the
elevating gear. Adjust the elevating gear to ensure the character spectrum from the hollow lamp will all
pass through the graphite tube.
8) Other auxiliary equipment (Optional)
a. Electrothermal quartz absorption tube, that is optional only for hydride generation atomic absorption
spectrometry.
b. Pneumatic molecular absorption rapid injector, that is optional only for molecular absorption
spectrometry.
c. Micro-volume sampler with constant current pulse, that is optional only for micro-volume sampling of
atomic absorption spectrometry.
d. Auto-sampler, that is optional only for sampling of graphite furnace atomic absorption spectrometry.
2. The computer and printer
Both the computer and printer are equipped with well known brands.
3. The air compressor
The air compressor is special for the flame atomic absorption spectrometry. So far, we provide an oil free air
compressor with the type of KJ-B 1I that made in Tianjin.

4. The power supply of graphite furnace

Tel: 400-616-4686 http://www.macylab.com



EiiXEE

.__l MACY INSTRUMENT

Technology - because you change

A

The power supply of graphite furnace is special for the graphite furnace atomic absorption spectrometry.

1.3 Instrument Specifications

The instrument specifications are described in the following table:

180 nm ~ 900 nm

<0.15 nm

1800 lines/mm

C-T

250 nm

280 nm

2nm

0.nm/0.2m/0.4nm/ 1.0nm/2.0nm (Selectable)

Cu: =0.05 pg/ml
Cd: =1 pg, Cu: <80 pg

Cu: =0.008 pg/ml

Cu: £1%
Cd: <5%, Cu: <4%
< 0.005 A/30min

R928 / R955
150V ~ 800 V
x1, x2, x4

HCL, HPHCL, D,

No. 1 ~ No. 4: HCL
No. 5, No. 6: HPHCL
Independent holder: D,
HCL: 0.5 mA ~ 9.9 mA

HPHCL: 0.5 mA ~ 9.9 mA (main current),
0.5 mA ~ 9.9 mA (auxiliary current)

D;: 0.5 mA~19.9 mA

Glass nebulizer with metal sheath designed by Mr. Wu
100 mm Steel of Titanium alloy
Electronic pulse ignition

9

Tel: 400-616-4686

http://www.macylab.com



l N l H E MACY INSTRUMENT

Technology - because you change

Dual-channel designed, automatic security device with fuel gas
flameout system

Room temperature ~ 3000°C

Up to 20 stages, ramp and step heating

Up to 8 stages, each 4 stages for ramp and step heating, each
stage 0~99 s duration time

Up to 8 stages, each 4 stages for ramp and step heating, each
stage 0~99 s duration time

Ramp and step heating, 0~20 s duration time

Ramp and step heating, 0~20 s duration time

High power heating, and optically controlled high power heating
with the temperature range of 1500°C~3000°C, with graphite
tube temperature self calibration function

1%
22000 C/s
Cooling water flow: <0.75 L/min (Cooling water supply: =20.75 L/min)

Alarm, and automatically stop heating program when following
situation occurs: argon pressure <0.3 MPa, or cooling water
temperature 260°C

Heating program is not allowed when bad contact of graphite tube
occurs

Over current protection

With the graphite tube usage recording function to remind users
to replace the graphite tube when it reaching its service life

Internal gas: 0~300 ml/min, with the internal of 20 ml/min

External gas: 0, or 1.5 L/min (The external gas is supplied with
certain flow of during the four heating stages of drying, ashing,
atomization and clear, and there are three kinds of cooling times
for chosen, 15 s, 30 s, 45 s. Besides, the external gas is shut off)

Ordinary, pyrogenic and platform graphite tubes

Pneumatic switch controlled by computer, stable and safe, with
good contact.

Total absorbance, net absorbance, background absorbance
Average, peak height, peak area

Absorbance: 0.001~2.000, 0.0001~2.0000, Concentration:0.001~9999
4 fitting methods, each curve up to 10 points

SD, RSD, precision

D lamp background elimination, self-absorption background
deduction
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988 mmx 412 mmx 440 mm (LxWxH)
430 mmx 412 mmx 400 mm(LxWxH)
306 mmx 278 mmx 440 mm(LxWxH)

Chapter 2 Installation and Performance Qualification

The instrument installation should be done by our technical engineer or authorized professional agent that
trained by our company. Macylab Inc. shall not be liable for the instrument damage or its abnormal running that
caused by installation without authorizations.

Before installation, user should prepare the necessary conditions according to the requirements that described

in this manual. Then, inform us to do installation and performance qualification.

2.1 Installation Requirements

1. Environment Requirements

The instrument has been designed for indoor use. A laboratory should be prepared, and it should be free of

draft, dust, corrosive vapors as well as vibrations. Neither setting up the instrument near electromagnetic

field, nor exposing the instrument to direct sunlight or the radiation of heaters. To obtain the best
performance from your instrument, following requirements also should be met:

a) Temperature: 20°C~30°C, Relative Humidity: 10%~75%, the laboratory should equip with air conductor
and dehumidification equipment.

b) Power Supply: For the main structure, a normal power supply of 220 VAC is required, and a purifying AC
regulator with the total power 1kWis suggested. The power of the air compressor is about 200 W, and it's
no need to connect to AC regulator, it can be connected to another 220 VAC power supply. For the power
supply of graphite furnace, another 220 VAC power supply with large power of above 6 kW is required.

¢) Workbench: A workbench with the dimensions of 2400 mmx 1000 mmx 800 mm (LxWxH) is suggested.
The material of the workbench should be terrazzo or wood which is inflexible, shockproof, clean, and
smooth. And for the convenience of maintenance, it should be placed with a clearance of at least 60 mm
to the wall.

2. Ventilation System
It will produce metal vapor and toxic gases during the combustion process, which is harmful to human health.
Thus, a ventilation system is required so that the harmful substance can be exhausted. And the ventilation

system should be fixed above the combustion chamber. Following is a diagram of the ventilation system (Fig.

11
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2-1):

400mm
> 400mm
% 412Zmm

: 45 0mm

QESmm
Fig. 2-1
3. Gas sources and equipments
a) Air: Air is the auxiliary gas for flame atomic spectrometry, and an air compressor is used as air equipment.
The air output should be dry and clean with the pressure of 0.25 MPa.

b) C,H,: For flame atomic spectrometry, a purity of 99.6%~99.9% C,H, gas is required, which is in white gas
cylinder, and the flame should be light blue. A qualified acetylene pressure regulator should be
connected to the acetylene cylinder and its output pressure should be stable at 0.08 MPa. For the
acetylene cylinder, a total pressure of at least 0.3 MPa should be guaranteed. Otherwise, it should be
replaced with a new one. Because there is some acetone mixed in the acetylene cylinder, when the
total pressure is less than 0.5 MPa, acetone vapor may brought out with acetylene and affect the
measurement accuracy and the instrument itself. The acetylene cylinder should be standing upright
during the use and storage. To keep the gas balance in the cylinder and avoid the acetone brought out,
don’t immediately use the C,H, gas when the cylinder is carried to the laboratory, and please wait at
least 24 hours.

c¢) Argon or nitrogen: For hydride generation atomic absorption spectrometry and graphite furnace atomic

absorption spectrometry, argon or nitrogen is required. And its output pressure is 0.25

MPa.

2.2 Unpacking

1. Checking
Check the outer packing after receiving the instrument immediately, if there is anything damaged, please

contact the delivery company and the insurance company as soon as possible, and inform us.

12
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If the outer packing is all right, unpack the contents carefully and check the materials according to the
packing list. Please contact Macylab Inc. immediately if any inner part is missing.
The documents together with the instrument include the user's manual, packing list, inspection card and
certificate.

2. Unpacking
A wooden packaging is used for the instrument outer packing. The instrument is packed with liner foam and
with its base plate fixed on the outer packing by two angle iron and four bolts. Just remove the four bolts to

unpack the instrument.

3. Packing list
Following is the packing list of the graphite furnace device:
No. ltem Unit Qty Note
1 Micropipettor (50ul) pc 1
2 External gas tube (¢=7) meter 5
3 External water tube (¢=7?) meter 5
Specialized
4 Withdraw tool of graphite cone set 1 with the
factory
self-made
5 Graphite cone set 1 Specialized
6 Pyrogenic graphite tube pc 10 Specialized
7 Power socket (220 VAC, 32A) pc 1
8 Elbow forceps (5 inch) pc 1
9 Signal cable pc 1 Specialized
10 USB cable (1.5 meters) pc 1
11 Fuse (2A) pc 5
12 User’s Manual of graphite furnace device pc 1
13 Quality certificate of graphite furnace device pc 1
14 Packing List of graphite furnace device pc 1

2.3 Installation

1. Electrical Connection

13
Tel: 400-616-4686 http://www.macylab.com




E Ve

5 wacy instrument Technology - because you change

All the electrical connections of the instrument are shown as the following figure (Fig. 2-2):

n Three-phase AC !

Power Supply
Iy

A 4 b4 h J

GF Power Supply AC Regulator Air Compressor

AAS Instrument }4—

Fig. 2-2

AC Regulator: It provides stable voltage of about 220V to the instrument, computer and printer, with a
fluctuation less than £1% and a response speed between 20 ms and 100 ms.

220V, 6 kW: It provides power to the graphite furnace.

220 V, 2 kW: It provides power to the AC regulator, which will provide stable power to the instrument,
computer and printer.

220V, 0.5 kW: It provides power to the air compressor.

Note: Be sure to connect the ground cord before the electrical connection.

The power and communication interfaces are shown as the following figure (Fig. 2-3):

Fig. 2-3

2. Gas Connection

The gas connection is shown as the following figure (Fig. 2-4):

: v

Pressure Pressure Pressure v v
StablizingValve| [StablizingValve| |StablizingValve
GF
1 i i s
Power |
I nstrument
Air Compressor| | C2Hz2 Cylinder | [ArgonCylinder*| Supply
Fig. 2-4
14
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Note: The gas connection marked with “*” is only used for graphite furnace atomic absorption spectrometry
and hydride generation atomic absorption spectrometry.

The gas connection interfaces are shown as the following figure (Fig. 2-5):

2.4 Performance Qualification

1. Static Performance Qualification of Flame Atomic Absorption Spectrometer

Although both the flame atomization device and the graphite furnace atomization device are at the same

electric platform, the default state is that the flame atomization device is in the light path, and the graphite

furnace atomization device will automatically move into the light path only when the graphite furnace atomic
spectrometry is chosen.

Following are the operating steps for static performance qualification of flame atomic absorption

spectrometer:

Step 1: Set the lamp position and lamp current in the condition setting interface. For normal hollow cathode
lamp, the default current value is 3 mA. And for high-performance hollow cathode lamp, the default
current values are 4 mA and 3 mA respectively for main current and auxiliary current.

Step 2: Set the negative high voltage for the photomultiplier.

Step 3: Set the bandwidth.

Step 4: Carry out “Lamp positioning” after completing above settings. If the set lamp position is just in the
light path, then click “Cancel”, otherwise, click “OK” and the lamp will turn to the new set position.
The operation of “Slit positioning” is like the same.

Step 5: In the wavelength scanning interface, user can do wavelength positioning and peak searching with
the characteristic wavelength of the element.

The main purpose of the static performance qualification is to obtain a stable transmittance of 100%.

The best setting of above conditions are based on the instrument’s stability and sensitivity. User can refer

to the conditions optimization. Here, the illustration is based on the stability. The current value of HCL should

be high enough. However, it is better not to exceed 5 mA. The main current value of HPHCL is better not to

exceed 5 mA, usually 3 mA~4 mA is enough. And the auxiliary current value can be set according to the

15

Tel: 400-616-4686 http://www.macylab.com



l\ 4/" i 1X
ALC ?Acv .NSWE Technology - because you change

actual situation, and it is better when the highest energy is obtained. The negative high voltage of the
photomultiplier is better to be lower, and better to be under 250 V. The highest value is better
not to exceed 300 V. The bandwidth should be wide enough to obtain better stability. It's better to select a
wider bandwidth and just excluding interferences such as spectral interference. The lamp position and
wavelength of the instrument are controlled by the computer. Just click “Start positioning” in the interface
when above conditions are chosen, it will go to the element characteristic wavelength and search the peak
value automatically. It will also go to the optimal lamp position without handle operation. Finally, click “Auto
Energy” to obtain the transmittance of 100%, and then the static performance qualification based on the
stability is completed.

2. External Optical Path Performance Qualification
The external optical path performance qualification (Fig. 2-6) is just to adjust the long slit of the burner, and
make it below parallel to the external optical path, so that the light will pass through the atomization device at
utmost and be absorbed by the sample atomic vapor during the sampling and atomization process.

& B C

W

Fig. 2-6

Generally, it means the external optical path performance qualification is completed when following
conditions are met.

When the transmittance of the instrument is 100%, put a small screwdriver or toothpick or other tool with a
diameter between 1.2 mm and 1.5 mm respectively onto the three positions (left position A, middle position
B, and right position C, as shown in above figure). First, put the tool onto the position B, and adjust the nut
up and down to make the transmittance to be 0%. Then, put the tool onto the position A, and adjust the
rotary rod to make the transmittance to be less than 10%. Later, put the tool onto the position C, and adjust
the rotary rod to make the transmittance to be less than 30%. Otherwise, adjust the rotary rod again until it

meets the requirements.

Note: Generally, there is no need to adjust the front and rear position of the burner, for it has been adjusted
before delivery.

3. Dynamic Performance Qualification of Flame Atomic Absorption Spectrometer
The dynamic performance qualification is based on the static performance qualification. Then, adjust the fuel

ratio and the burner height to find out the optimal condition, as to obtain much ideal determination sensitivity.

16
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The conditions are much rigorous to obtain the detection limit. Make sure that the current conditions can

meet the optimization requirements.

Following are the additional operating steps for dynamic performance qualification of flame atomic

absorption spectrometer:

Step 1: Nebulizer adjustment
The nebulizer of the instrument has been adjusted to a good condition, and there is no need to adjust
it any more except special requirements. Following is the method of the adjustment: First, loosen the
pressure valve, and remove the nebulizer from the nebulizer chamber, and spray with distilled water.
The spray should be like a peacock showing its tail and mainly spray from the left side, upper side,
and right side, and only a little from the below. The best situation is that the spray be fine and dense,
and slightly forward. The impact ball handle within an angle of about +45 degree below will be a best
position. Then, put the nebulizer back to the nebulizer chamber. When the transmittance is 100%,
spray with distilled water without flame, the transmittance declined to 5% ~ 20% is much better, and
the transmittance of no more than 50% will be ok. Otherwise, user should adjust the nebulizer again
or replace with a better nebulizer. The method will be inaccurate if the burner has been heated before
spraying. However, user still can do measurement when the transmittance is more than 50%
excluding the demand of high sensitivity.

Step 2: Ignition and sample atomization
Refer to the operation instruction, ignite the flame and the sample will be atomized. Then, adjust the
fuel ratio and the burner height to find out the optimal condition, as to obtain stable signal and high
detection sensitivity. If it's still too hard to find out the optimal condition, adjust the static conditions
such as lamp current, negative high voltage and bandwidth again after the flameout, then, adjust the

dynamic conditions to optimal ones as required.

2.5 Conditions Optimization

1. Optimization Criteria
a) Optimization based on stability
Good detection stability is the first consideration when doing conditions optimization. And the detection
sensitivity can be less considered.
b) Optimization based on sensitivity

Detection sensitivity can be the first consideration when doing conditions optimization. However, the
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detection stability, interferences, and other influence factors also should be considered properly.
2. Conditions Optimization

a) Lamp Current
Lamp current is one of the important conditions of static conditions optimization. For normal hollow
cathode lamp, excluding some elements, the smaller the lamp current is, the higher the detection
sensitivity will be. However, the smaller the lamp current is the worse the detection sensitivity will be. For
high performance hollow cathode lamp, the detection sensitivity also will be improved at least dozens of
percent when the detection stability is greatly improved, and sometimes even be improved for several
times, which is much advantaged to improve the instrument performance. There are already twenty two
kinds of HPHCL up to now, especially for hydride elements. Instead of weak and unstable HCL, all the
hydride elements use HPHCL to improve the detection stability, and the detection sensitivity are improved
several times. So, HPHCL is preferred as far as possible.
For HCL, the best current range is between 1mA and 5 mA, and to satisfy the stability requirement, a
higher current of 6 mA ~ 7 mA is enough. For HPHCL, the best current range of main current is between
1mA and 5 mA, and the best current range of auxiliary current is between 1mA and 8 mA. Generally, the
sum value of the two currents not exceeding 10 mA ~ 12 mA is much better. Another empirical data is that
the auxiliary current more or less than the main current with one third would be better. It will be the
optimized value when the energy reaching its peak value by adjusting (increasing or decreasing) the
auxiliary current.

b) Negative high voltage
Negative high voltage is also one of the important conditions of static conditions optimization. The smaller
the absolute value of the negative high voltage is, the higher the detection stability will be. The best range
of the negative high voltage is between 150 V and 300 V. For much higher value, it's better not to exceed
400V.

¢) Gain
Gain selection is peculiar to the static conditions optimization of this instrument. It has a special effect on
those unstable and relatively weak element lamps. The negative high voltage can be lower because of the
gain selection. A gain selection of two times or four times may be better for the detection stability.
However, it is not absolute, and it depends on the specific element. One time gain is usually selected.

d) Bandwidth

Generally, the detection stability will be much better with a wider bandwidth, but the detection sensitivity
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will be worse. However, it's on the premise of that there is no spectral interference. And a wider bandwidth
is preferred as far as possible.

e) Fuel Ratio
The fuel ratio is a ratio of fuel gas and auxiliary gas, and it determines the flame properties, to be a poor
burning flame, or neutral flame, or a rich burning flame. Certain elements have much higher detection
sensitivity with poor burning flame, but its detection stability is compromised. And some elements have
much higher detection sensitivity with rich burning flame. Which element has higher detection sensitivity
with certain flame, user can refer to relevant documents. Anyhow, it depends on the actual situation.

f) Burner Height
The burner height here is especially for the sensitive absorption region of the element. There are three
sensitive absorption regions for atomic absorption spectrometry, 1 mm - 4 mm, 4 mm - 8 mm, and 8 mm -
16 mm. Different elements have different sensitive absorption regions. Which element has high detection
sensitivity in certain absorption region, user can refer to relevant documents. The best height obtained
from the experiment is the most feasible.

g) Lamp Position
The lamp position is not regarded as an optimum condition in many documents. Only in a few documents
has referred, and it is adaptive to the Chinese conditions. Although its performance maybe as well as
foreign products, even be much better, domestic hollow cathode lamps have larger assembling errors, and
most of them are without the right luminous solid angle, so that only a few lights from the lamp can focus
on the monochromator, and there is a large position deviation. Thus, it is necessary to adjust the lamp
position. For the instrument has automatic lamp position adjustment function, the lamp itself can be

rotated half-circle at most.

Chapter 3  Operation Instructions of FAAS

3.1 Preparations

1) Put the element lamp into the lamp holder, and remember the lamp holder No.
2) Connect the acetylene cylinder and air compressor.

3) Prepare the standard solutions and the sample solution.
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3.2 Basic Operations

1. Power on
The sequence of power on is power on the computer first, then power on the instrument, while power off the
instrument, the sequence is power off the instrument first, then power off the computer.
When the computer is power on and there displays a shortcut, power on the instrument, and an arrow will
shown in the taskbar at the lower right corner of the desktop. Make sure the arrow is already existed.
Otherwise, the software can’t be opened.

2. Power off
When the measurements are completed, and user wants to power off the instrument, click the arrow at the
lower right corner first, and a prompt of “Stop USB device CH372/CH375” will be shown. Click the arrow
again and a prompt of “Safely remove the hardware” will be shown. Then, the instrument is ready for power
off.

3. Enter the software interface
Double click the shortcut icon on the desktop and enter the software initial interface (Fig. 3-1 ?). Click any

key to enter the main interface (Fig. 3-2).

¥ Untitled - CAAM [folo]==

File(®) EditE) View(\) Setup(S) Measure(M) Output(R) Help(H)

Did] ef=el2el O ||

m ]
Ready Number 4
= 0 T T

Fig. 3-2

4. System reset
The instrument setting includes system reset, stability, optical debugging, and electrical debugging. And the

interface of system reset is shown as in following figure (Fig. 3-3).
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0K System Reposition

« i ] >
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Fig. 3-3

Select the lamp position (lamp holder number) first, then check the lamp position to make sure it is in the
light path. Otherwise, rotate the lamp and make it to be in the light path, and click “System Reset”. Then,
click “OK”, all settings will revert back to defaults. Generally, for every day measurement with the same
element, there is no need to do system reset each time. One time reset is precise enough for measuring
several elements in the same day. Measurement in several days without system reset is also ok. However,
the system reset should be done when the wavelength deviation is more than 0.2 nm.
5. Element selection
Click “Sample selection” in the menu of “Measurement” in the main software interface (Fig. 3-2), and a

periodic table of elements will be shown (Fig. 3-4).

Element Select (=)

The Elements periodic table
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Selected Element | 29 Number | Cu |/0K|

Cancel

o |

Fig. 3-4

Select the element to be measured. The chemical symbol and atomic number of the element will be shown

below the periodic table of elements. Click “OK” to back to the main interface. User also can click “Next” to

21
Tel: 400-616-4686 http://www.macylab.com




l\ 4/" i 1X
ALC ?Acv .NSWE Technology - because you change

enter the parameters setting interface (Fig. 3-5).

Instrument Parameter =
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Fig. 3-5

6. Parameters setting
There are four operation modes including flame atomic absorption spectrometry, hydride generation atomic
absorption spectrometry, atomic emission spectrometry, and graphite furnace atomic absorption
spectrometry. It will show in white background when one operation mode is chosen. And other parameters
such as fuel flow, burner height also will show in white background and are available for rewrite. Parameters
shown in white background together with the drop-down arrow are available for option or rewrite. Then, click
“OK” or “Next”, and the settings will take effect.
For flame atomic absorption spectrometry, the operation of parameters setting is as following: First, select
flame atomic absorption spectrometry as the operation mode in the parameters setting interface. Then, set
relevant parameters.
1) Lamp position selection
There are six lamp holders on the light rack for position selection. Lamp holders from No. 1 to No. 4 are for
normal hollow cathode lamps (abbreviated as HCL), and lamp holders of No.5 and No. 6 are for
high-performance hollow cathode lamps (abbreviated as HPHCL). The lamp will be lit up only when the
lamp position is selected and it will transfer to the light path automatically. Please do not plug HCL into
HPHCL holder, otherwise, once the position is selected, it will cause damage to the circuit board.
2) Wavelength setting
Click the drop-down arrow in the wavelength column, and select the most sensitive wavelength or
secondary sensitive wavelength (if it has) of the element.
3) Display precision setting
Click the drop-down arrow in the precision column, and there are two selections, 0.001 and 0.0001.

22
Tel: 400-616-4686 http://www.macylab.com




l\ 4/" i 1X
ALC ?Acv .NSWE Technology - because you change

Generally, precision of 0.001 is as the default. For high measurement requirements, or measure with trace
elements, user can select the high precision of 0.0001.

4) Gain setting
Click the drop-down arrow in the gain column, and there are three selections, x1, x2, and x4. Generally,
the default gain is x1. The gains of x2 and x4 are designed for negative high voltage reduction, and for
detection stability improvement or electronic noise reduction. Anyhow, select a good static electronic
condition to reduce the total noise and improve the detection limit.

5) Bandwidth selection
Click the drop-down arrow in the bandwidth column, and there are four kinds of bandwidth for chosen, 0.2
nm, 0.4 nm, 1.0 nm and 2.0 nm. Generally, the default bandwidth is 0.2 nm. The selections of 0.4 nm, 1.0
nm and 2.0 nm are usually for improving the light intensity and the detection stability. A wider bandwidth is
necessary especially for those elements neither with adjacent spectral interference nor with strong
intensity itself. User can select a wider bandwidth when a high performance hollow cathode lamp is used.
“Close the bandwidth” is only for factory adjustment.

6) Flame style selection
Click the drop-down arrow in the flame style column to select the flame style. User also can write down
other styles.

7) Measurement method selection
Click the drop-down arrow in the measurement method column, and there are three methods for chosen,
standard curve, standard addition, and absorption photometry. The former two methods are commonly
used for concentration measurement, and the standard curve is used more commonly, and usually be a
default method. However, the method of absorption photometry can be selected when there is no mature
method and it needs method experiments, and user can directly enter the sample measurement interface
to modify kinds of conditions, that including electronic conditions, fuel ratio, burner height, and so on, so
that to obtain the optimized conditions for certain element in the particular environment. Then, measure
the sample with one of the former two methods and obtain the best result.

8) Calculation method selection
Click the drop-down arrow in the calculation method column, and there are three calculation methods for
chosen, average, peak height, and peak area. The flame atomic absorption spectrometry and the atomic
emission spectrometry are commonly use average as the calculation method. In some special cases, for

example, when using the pulse sampling device, the calculation method of peak height, or peak area
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should be used, while adopting the hydride generation atomic absorption spectrometry or the graphite
furnace atomic absorption spectrometry, the calculation method of peak height, or peak area should also
be used. If none of above calculation methods is selected, it will calculate with average. And for hydride
generation atomic absorption spectrometry and graphite furnace atomic absorption spectrometry, peak
height is used as a default calculation method.

9) Concentration unit setting
Click the drop-down arrow in the concentration unit column, and there are six units for chosen, ug/ml,
mg/ml, ug/L, mmol/L, ymol/L, and %. And pg/ml is commonly used as the default concentration unit.

10) Lamp current setting
The default lamp currents are 3 mA, 4 mA, 3 mA and 6 mA respectively for HCL, the main current of
HPHCL, the auxiliary current of HPHCL, and D,. If the lamp positions of No. 5 and No. 6 are not selected,
both the setting columns of the main current and the auxiliary current for HPHCL will be grey, and they
won't take effect until the lamp position is selected. Above three types of lamps are controlled by the
computer and their currents are given through D/A just with the initial setting values, and they need to be
further adjusted in the wavelength scanning interface.

11) Negative high voltage setting
The initial value of the negative high voltage is also give through D/A. It rests with the lamp position of the
element and its emission energy. If the energy is weak, the absolute value of the negative high voltage
should be large. Otherwise, it should be small. The initial value is usually between 150 V and 300 V, and
only a few elements with the value of above 300 V. For some element, if the negative high voltage is too
high, it can be adjusted by widening the bandwidth or enlarging the gain, to reduce the negative high
voltage, then to obtain stability and little instrument noise.

12) Measurement time setting
For flame atomic absorption spectrometry, molecular absorption spectrometry, and atomic emission
spectrometry, the measuring time of 2 s is enough, and 2 s is usually as the default. For specific
requirement, it can be chosen in between 0.2 s and 20 s.

13) Delay time setting
The range of the delay time is between 0 s and 20 s, and it is commonly used with hydride generation
atomic absorption spectrometry, graphite furnace atomic absorption spectrometry and atomic absorption
spectrometry with pulse sampling. Generally, O s is as the default.

14) Fuel gas, carrier gas and burner height settings
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The three conditions of fuel gas, carrier gas and burner height are adopting the optimal values obtained
from each adjustment interface. Then, they will be saved in the memory of the computer. And it's
convenient for reference in the next use with the same method

15) Measurement repetition setting
The measurement repetition can be selected between 1 times and 30 times, and 1 time is commonly used
as the default.

16) Standard sample number setting
Generally, three points is enough for establishing a standard curve. User can select the standard sample
number in between one point and eight points that excluding zero. Three points is commonly used as the
default.

17) Background correction method selection
The atomic absorption spectrometry can be with or without background correction. There are two
background correction methods for chosen, D lamp background elimination, and self-absorption
background deduction. And background correction with D lamp background elimination is commonly used.
If the background correction method with D lamp background elimination is selected, the measurement
will be done with this background correction method.

18) Other settings
When above settings are completed, user can click “lamp positioning”, if the lamp position is already in the

light path, just click “Cancel” to cancel the operation (Fig. 3-6).

Lamp circumgyrate

Do you want to circumgyrate lamp?

Cancel

Fig. 3-6

The operation of “Slit positioning” is like the same. If user wants to change the slit, click “OK”, otherwise,
click “Cancel’. If pre-heating is selected, just input the lamp holder number that to be pre-heating.
However, the pre-heating current is limited. After completing all the settings, user can click “Next” to enter

the wavelength scanning interface (Fig. 3-7).
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Cancel Next

7. Wavelength scanning

User can exactly find out the wavelength peak by wavelength scanning, and following are the operation

steps.

Step 1. Set the start wavelength and the end wavelength. Generally, the default range is set with £ 2 nm
around the most sensitive wavelength. User can set the values as remanded respectively after
clicking in the blank of the start wavelength and the end wavelength.

Step 2: Set appropriate negative high voltage after setting the lamp current. Generally, a range of 150 V -
300 V can meet the requirement. Certain elements may require a higher range of 300 V - 400 V,
which is not suggested. Here, the negative high voltage can be adjusted together with the gain and
the bandwidth.

Step 3: Start wavelength scanning. User can click “Start Scanning” to start the wavelength scanning when
the element lamp is already in the light path. If the settings of lamp current and negative high voltage

are appropriate, and the lamp is right in the light path, and the scanning energy is just

among 60% ~ 110%, the wavelength motor will return to the peak position after completing the
scanning in the setting range, without displaying the peak value. Then, the lamp position motor will
automatically start scanning step by step near the lamp position, finally stop at the optimal position
and the transmittance value will be given. Generally, it will give the peak value after wavelength
scanning and automatic fine tuning of the lamp position, and there is no need to adjust again.
However, there may be a deviation of one or two steps with the wavelength tuning, especially after a

long time using. The transmittance of the wavelength peak may not be 100%, then, “Auto Energy”
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should be clicked, so that the negative high voltage will be automatically adjusted to reach the 100%
transmittance.

If the lamp current and the negative high voltage are too high or too low, the transmittance will far
exceed 100% or below 50% after wavelength positioning, the system will automatically reduce or
increase the negative high voltage, and do wavelength scanning again. It may adjust for several

times until it is in the appropriate position and the transmittance is between 110% ~ 60%.

Note: Following is an extreme incase that should be avoided. The element lamp is not right in the light path
and its characteristic spectrum can’t focus on the monochromator, thus, the zero order light and the
target wavelength can’t be found. If there is no wave form among several times scanning, and the
negative high voltage rises to a much high value, please click “Cancel” immediately and return to the
parameters setting interface. Reset the negative high voltage with a more appropriate value, rotate the
element lamp again and make the light to be in the light path. Then, do system reset. Repeat the
wavelength scanning to find out the peak after the zero order light is found.

Another case also should be avoided. When a wrong scanning range is given, the most sensitive
wavelength will be not in the range, then, click “Cancel” immediately to stop the scanning, reset the
scanning range, and do wavelength scanning again to find out the wanted peak wavelength.

Note: Neither misplacing the element lamp, nor with error lamp position, it should be avoided.

The operation of finding the most sensitive wavelength is not only applicable to atomic absorption
spectrometry, but also applicable to other methods.

8. File creation
Click “OK” to return to the main interface after finding the peak wavelength, then, click “Save” to enter a file
creation window, input the file name and save the file to certain file path.

9. Standard curve establishing
Select “Standard sample” in the menu of “Measurement” in the main software interface and enter the

standard sample setting interface (Fig. 3-8).

Standard Sample ==

Cu Standard Sample Numherl—-ﬂ Entries Measure Mudellm

Measure Time |—2 5 Repeat Standard Sample |—3 Tir Calculate Mudellm
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Measure in Blank Abs 0-000
Sample P SN ¢
IVSN 1 Consistency i‘ 0.000
0.500

1
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3 1.000
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Net Abs 8D RSD

- Sample Measure
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Fig. 3-8
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1) Element displaying
The element is already selected in the elements periodic table and can’t be modified in the standard
sample setting interface. Here it just shows which element is to be measuring.

2) Standard sample number setting
User can set the standard sample number according to the actual needs. The largest number is ten, and
three is commonly used as default.

3) Measurement method setting
There are three methods for chosen, standard curve, standard addition, and absorption photometry.
Generally, the default method is standard curve.

4) Measurement time setting
User can set the wanted measurement time. For flame atomic absorption spectrometry, the measuring
time of 2 s is usually as the default.

5) Measurement repetition setting
The standard sample measurement repetition can be set between 1 times and 30 times, and 1 time is
commonly used as the default.

6) Calculation method setting
There are three calculation methods, which are already described ahead.

7) Ignition
After completing the standard sample setting, return to the wavelength scanning interface to do ignition
operation. For the ignition will affect the transmittance, especially for the short wavelength element, the
influence is much great, and even with a 60% transmittance reduction. So that it should be complemented
to 100% by energy auto-adaptation.
Before ignition, user should turn on the air compressor and the needle valve first. Then, turn on the
acetylene cylinder, and it means the gas system is ready for ignition when the indicator lamp is on. Turn
on the acetylene needle valve with the left hand and make the acetylene flow to reachl.2 L/min, and with
the right hand pressing the left mouse button and make the cursor moving to “Ignition”, the auto-igniter will
ignite the torch and burner. Then, immediately release the left mouth button when the ignition is
successful. When the sample measurement is completed, turn off the acetylene cylinder, or turn off the

acetylene needle valve by right rotation, the flame will go out.

Note: Some air may still exist in the acetylene pipeline and the flame can’t be ignited during the first
ignition. User should continuously click “Ignition” until the flame is ignited. If the torch doesn’t work,
please turn off the acetylene needle valve immediately so to avoid the acetylene leak. Check the
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ignitor and its controlling electromagnetism valve, and make sure that it can smoothly ignite the fire
and the torch works well, then, turn on the acetylene needle valve till the flame is ignited.

8) Nebulizer cleaning
Generally, sampling with distilled water and burn for 5 min ~15 min after completing the sample
measurement, so that to reduce the sample residue and the corrosion of the burner and the nebulizer
chamber.

9) Concentration unit setting
There are six units for chosen, and ug/ml is commonly used as the default concentration unit.

10) File name
The file name can’t be modified in this interface.

11) Standard sample concentration setting
The serial number and the concentration value of the standard sample should be corresponding. And they
should be input one by one.

12) Standard sample measurement parameters setting
a) Total absorbance: It’s equal to the net absorbance when there is no background absorption. Usually, it

is not selected in the case of without background.
b) Net absorbance: It's a pure absorbance with the total absorbance subtracting the background
absorbance, and it is always selected.

¢) Background absorbance: It is commonly selected when the background absorption exists.

13) Blank measurement
Whether to do blank measurement or not, it rests on the demand. If the blank measurement is done, the
sample measurement result should subtract the blank value.

14) Standard sample measurement

Click “Measure” to enter the measurement interface (Fig. 3-9).

29
Tel: 400-616-4686 http://www.macylab.com




D 4/" i 1X
ALC ?Acvmsmwi Technology - because you change

Measure
SN c Net Abs D RSD SN Energy
: ok T e emE | 2[100.8%
: oo Repeat No.  Absorbance
| 11 0.000

Single Result | No. Netabs -

L g

AbsOiCn

0.000
.0

20.0
-0.060L Time { §

e

s I Auanernl "Read Pause |

Fig. 3-9

a) Click “Auto Zero” before standard sample measurement.

b) Adapt Y-axis according to the measurement value.

¢) Measure the standard samples according to the prompts.

d) Click “OK” and switch to the standard sample setting interface. Then, user can view the measurement
data of each standard sample.

e) Click “Next” to switch to the standard curve interface. Then, click “OK” and a standard curve will be

shown (Fig. 3-10).
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Fig. 3-10
15) Fitting method

There are four fitting methods for chosen, linear fit, quadratic fit, cubic fit and quartic fit. The linear fit is
usually for those curves with good linearity, while quadratic fit is chosen for those curves with a little worse
linearity. If the linearity is much worse, cubic fit or quartic fit can be chosen.

User can check the relationship of each standard point with the cursor pointing to the concentration axis.

Intuitively say, the value of the relationship between 0.999 and 1 is the best, and usually, it is available for
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MACY INSTRUMENT

sample measurement when it reaches 0.995. However, it depends on the demand, different elements,
different concentration units and different conditions may have different requirements, and it can’t be all
included.
10. Sample parameters setting
Click “OK” in the standard curve interface and return to the main interface. Then select “Sample” in the menu

of “Measurement” and enter the sample setting interface (Fig. 3-11).
Unknown Sample
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Fig. 3-11

1) Sample amount setting
Up to 999 samples can be set, and user can set the sample amount again after completing 999 samples
measurement. To avoid unnecessary blank rows in the final report, better to set the sample amount as
demand in the current measurement.
2) Measurement repetition setting
The measurement repetition can be set at will, and one time is used as default.
3) Blank deduction
The default situation is that the option be selected, and the blank will be deducted.
4) Total absorbance
This option is not selected as a default. If it is selected, the total absorbance will be calculated.
However, it's equal to the net absorbance when there is no background absorption.
5) Net absorbance
This option is selected as a default, and the net absorbance will be calculated and shown in the datasheet.
6) Background absorbance

The background absorbance will be calculated when it is selected. Commonly, it is not selected as a
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default.

7) Serial number
“SN” here is for serial number of the sample. If the sample needs to be measured again, or the sequence
of the measurement needs to be altered, user can modify the serial number.

8) Continuous measurement

The sample can be measured continuously or discontinuously, and discontinuous measurement is used
as default.

9) Percentage content

When “percentage” is selected, user should fill in the constant volume, the sample weight and dilution
multiple. And proper unit should be selected.
11. Sample measurement

Click “Measure” in the sample setting interface (Fig. 3-11) and return to the measurement interface (Fig.

3-9).

1) Click “Auto Zero” before sample measurement.

2) Measure the sample according to the serial number and repetition.

3) Click “OK”, it will switch to the sample setting interface, and the measurement result will be shown in the

datasheet. User can view the sample data.
12. Operations for standard addition method

The standard addition method is another commonly used method for concentration measurement that based

on the standard curve. When the sample matrix affects the measurement and the influence is not easy to

eliminate, or the standard solution is difficult to prepare, or the sample amount is small, the standard addition
method will be a better selection.

Select “Standard addition” in the parameters setting interface, and following are the operation steps.

Step 1: Respectively add the sample solutions with the same amount to three or four volumetric flasks.

Step 2: Excluding one of above volumetric flasks, respectively add the standard solutions sequentially with
different proportions to other volumetric flasks. Prepare the blank solution at the same time.

Step 3: Respectively dilute to the constant volume with blank solution, so that a group of sample solutions
with different portion of standard solution is prepared as following: Blank, sample, sample + 1 part of
standard sample, sample + 2 parts of standard sample, sample + 3 parts of standard sample.

Step 4: Input the exact concentration values of above standard samples.

Step 5: Measure the blank solution and the group of sample solutions, and a standard curve will be
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established.
Step 6: For the standard curve doesn’t pass through the origin, extrapolate the standard curve according to
the absorbance of the blank solution, and the concentration value obtained from the intersection with

the abscissa is just the sample concentration (Fig. 3-12).

ABS

Step 7: Review the measurement result.

Note:

a) All the measurements should be with a good linearity.

b) The standard solution for addition could not be too thick, and with the concentration between one times
and four times more than the sample’s is much better.

¢) Compared with the standard curve method, the slope error of the standard addition method should be less
than 20%. Otherwise, it means serious interference existing and the analysis accuracy will be reduced.
And a further analysis is needed after eliminating the coexisting substance.

d) The sample without adding the standard solution should be measured in each group of measurements.

13. Output
1) Measurement report
Click “Output” in the menu bar of the main interface, and select “Measurement Report”, a measurement
report will be shown (Fig. 3-13). Fill in the information such as the sample number, sample name, client,
analyst, sample deliver date, and sample measurement date, then click “OK”, a further report will be

shown (Fig. 3-14).
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Fig. 3-13
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Fig. 3-14

2) Data report

Select “Data Report” in the menu of “Output” in the main software interface, a data report will be shown

(Fig. 3-15).
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Fig. 3-15

There are five items for chosen as the content of the data report. And the selected content will be shown in
the data report. Following is a detail data report (Fig. 3-16), which is saved by the operator and can be
used for reference, and for similar test, this method can be used and it will provide great convenience to

the operator.

34
Tel: 400-616-4686 http://www.macylab.com




EiiXEE

5 wacy instrument Technology - because you change

Cuelement measurement data report

3) Multi report
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Fig. 3-16

If two or more elements need to be analyzed for the same client, a multi report will be used

an example of the multi report (Fig. 3-17).
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Fig. 3-17
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Chapter 4  Operation Instructions of HG-AAS

For hydride generation atomic absorption spectrometry, a hydride generation device should be
equipped with the instrument.

When hydride generation atomic absorption spectrometry is selected in the parameters setting
interface, the interface will be a little different, the items such as fuel gas flow, flame type, molecular

absorption will turn grey and become invalid, while the carrier gas flow becoming valid.

Air | CH:

Auto-sampler

' C2H2 Switch

Fig. 4-1

Most of the operations are like the same with flame atomic absorption spectrometry, just plug the

outlet line of the hydride generation device into the auto-sampler jack on the panel of gas path (Fig.

4-1), and connect the hydride generation device to the instrument. Following are the different

operations:

1. Atomization mode
The atomization of hydride generation atomic absorption spectrometry with pneumatic component is carried
out by electrothermal quartz absorption tube. Heat the electrothermal quartz absorption tube with 110V DC,
and the temperature is about 900 ‘C. The sample solution mixes with potassium borohydride solution and a
reaction will take place. The generated gas mixture will be carried into the electrothermal quartz absorption
tube and be atomized. Then, the atomized vapor will be absorbed by the characteristic spectrum of certain
element.
Following are the operations for the external optical path performance qualification of hydride generation
atomic absorption spectrometer:
Adjust the instrument to obtain a transmittance of 100% first. Then, place the electrothermal quartz
absorption tube onto the burner, and following is the installation diagram of the electrothermal quartz
absorption tube (Fig. 4-2). Plug its power cord into the power socket. Adjust the burner position with up and
down, back and forwards, left and right, and make the light spot focus on the electrothermal quartz

absorption tube, and then the light pass through the center. Adjust the transmittance to be 100% again.
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Fig. 4-2

2. Sampling method
The sample together with KBH, is quantitatively and steadily carried into the reaction tube by the carrier gas
and carrier solution, and the generation is carried into the gas-liquid separation tube, then the gas mixture is
carried into the electrothermal quartz absorption tube and atomized, and the waste liquid is drain out. For the
absorption is instantaneous, the instrument reading commonly uses peak height.
Following are the preparations for sampling:
1) Put the capillary tube of the carrier solution into the carrier solution container.
2) Put the sample capillary tube into the sample container.
3) Put the capillary tube of the KBH, solution into the KBH,4 container.
4) Put the waste liquid tube into the waste liquid container without water sealing.
5) Connect the electric source of the electrothermal quartz tube to the outlet of the power.
6) Connect the gas tube at the rear of the hydride generation device to the pressure reduction valve of the

argon cylinder.

For detail operation instructions, please refer to the operation manual of the hydride generation device.

3. Atomization optimization
The atomic absorption area of the hydride generation element uses electrothermal quartz absorption tube,
whichever the hydride element is, the generated gas mixture will be atomized and absorbed in the
electrothermal quartz absorption tube.
For analysis with hydride generation atomic absorption spectrometry, to obtain the optimal absorption, the
whole transmitted energy should completely pass through the electrothermal quartz tube, and it can be done
by adjusting the up and down position, and the burner angle adjusted by the controlling rod and nut. Then,
adjust the transmittance to 100%.

4. Calculation method of the Measurement
Although most analysis of hydride generation atomic absorption spectrometry uses peak height as the

calculation method, it sometimes uses peak area as the calculation method. Whether the peak height or the
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peak area is chosen, user can retrieve the data with another calculation method. However, the calculation
method of average is hardly used.

5. Reading
The reading of the instrument is automatically. When all the preparations are completed, press “Start”, the

hydride generation device will automatically run the procedures as following (Fig. 4-3):

e ; Roatti Gas mixture into the
Siphon three solutions| | prompt with whistle eacrion, »| electrothermal quartz
"Start” [ ”|with qgantity atthe | start reading ™ gas-wa:.e ’ tube, be atomized
same time seperation and absorbed
1 t v
Carrier solution,
KBHs, Waste solution
Standard sample drain out
or sample Instrument
automatically
record results
and graphics
Fig. 4-3

1) System cleaning: All the pipelines will be automatically cleaned during the whole pneumatic procedure.

2) Excluding start-up and sample replacing, the whole pneumatic procedure is automatically completed by
the pneumatic driver.

3) Measurement and delay time setting: The measurement time of the hydride generation atomic absorption
spectrometry is usually selected in between 12 s and 15 s, so that the maximum height can be captured.
The optimal result can’t be obtained if the measurement time is set within several seconds. The delay time
can be between 2 s and 3 s, and with none (0 s) is also ok.

6. Static performance qualification

The static performance qualification of hydride generation atomic absorption spectrometry is mainly like the

same as flame atomic absorption spectrometry. However, all the hydride elements have relevant high

performance lamps. For sensitivity, detection limit and RSD improvements, here using with high
performance lamp is suggested.
7. Measurement method setting

The measurement methods such as standard curve and standard addition described in operation

instructions of flame atomic absorption spectrometry are all applicable to the hydride generation atomic

absorption spectrometry. It is omitted here.

Chapter 5 Operation Instructions of AES
1. Atomic emission spectrometry selection
When atomic emission spectrometry is selected in the parameters setting interface, following are the

operation instructions:
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For atomic emission spectrometry and atomic absorption spectrometry have exactly opposite principles, the
operations of atomic emission spectrometry are different to atomic absorption spectrometry. However, the
parameters setting are the same.
2. Static conditions setting
1) Wavelength setting
The wavelength setting depends on the sample to be measured. For example, the characteristic
wavelength of sodium is 589.0 nm, just find out the wavelength by wavelength scanning. Other operations
are like the same to atomic absorption spectrometry.
2) Lamp current, negative high voltage, gain and bandwidth setting
The lamp current, negative high voltage, gain and bandwidth setting depend on the sample content. They
also depend on the instrument stability, interference and sensitivity. And trials are needed before the
determination.
3) Lamp position adjusting
Lamp position adjusting should be done before above conditions setting, otherwise they will be
inaccuracy.
4) Transmittance adjusting
Beside the consideration of stability, sensitivity and interference, the transmittance of the standard sample
with the maximum concentration also should be considered, and it should be within 100%.
3. Standard sample measurement
When the wavelength scanning interface is transferred to the standard sample measurement interface, the
element lamp will be switched off automatically. And user can do the standard sample measurement.
4. Standard curve establishing
The operation of standard curve establishing is like the same as atomic absorption spectrometry.
5. Sample measurement
The operation of sample measurement is also like the same as atomic absorption spectrometry.
6. Other operations
The operation procedures such as standard addition method and output are also like the same as atomic

absorption spectrometry.

Chapter 6  Operation Instructions of GFAAS
Graphite furnace atomic absorption spectrometry is the most sensitive method in the three methods of atomic

absorption spectrometry. And it's the most complicated method in the three methods with much more
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technology and operation requirements. Not only the measurement elements are extended, but also the

measurement range of concentration is enlarged, so that the trace and ultra-trace measurements from 0.01 pg

t01000 pg are available. Compared with other two methods, graphite furnace atomic absorption spectrometer
is much too expensive, it needs more consumptive material, and it costs much long time and much more
energy. For the method covers a broad area, and some is still in further studying, and it requires advanced
technology theory and well operation skills. So, flame atomic absorption spectrometry or hydride generation
atomic absorption spectrometry is suggested for first consideration unless graphite furnace atomic absorption
spectrometry is necessary to be chosen.

However, the technology of graphite furnace is developed much more in recent years, more questions are

solved excepting a long time cost and high cost for a sample measurement, and it is accepted by more users.

Especially for trace and ultra-trace analysis, furnace atomic absorption spectrometry is one of the most

important analyzing methods.

For the graphite furnace atomic absorption spectrometry can analyze trace and ultra-trace samples with the

content between 0.01-1000 pg, there are many factors influencing the analysis. Besides the installation

requirements described in chapter 2, following conditions also should be considered:

1) The sampling volume, sampling interval, and sampling position in the graphite tube have great influences on
the measurement sensitivity and precision.

2) The instrument conditions such as lamp current, negative high voltage, bandwidth, and lamp position are
also with important influence.

3) The graphite tube type, such as ordinary graphite tube, pyrogenic graphite tube, and platform graphite tube,
also has a great influence on the measurement. Even for the same graphite tube type, it also has a great
influence because of the dispersion.

4) The heating program setting, especially of the heating temperature in each stage and the internal gas
supply with the atomization stage (whether on or off), are also with important influence.

5) The temperature difference of the graphite furnace also will cause measurement error.

6) Complex chemical reaction with the sample may occur in the graphite tube, and other elements in the
sample may influence the measurement.

Above all, the factors that affect the analysis with graphite furnace method are extremely complex and diverse.

The analyst should have a wide range of knowledge, and accumulate rich practical experience, so that to

analyze with graphite furnace method accurately and reduce the measurement error.

6.1 Heating program setting
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The heating temperature controlled by the computer can be from the room temperature to 3000°C, and the
heating program contains four steps: drying stage, ashing stage, atomization stage, and clear stage. Both the
drying and ashing stages can be divided to eight stages, and both the atomization and clear stages can be
divided to two stages. For the whole steps, either ramp heating or step heating can be chosen in each stage.
However, at least one stage should be chosen in each step.
1. Basic principles of heating program setting
Following are the basic principles of setting the heating program:
1) Avoid sample bumping and bubble formation.
2) Avoid the element loss before atomization.
3) Select appropriate atomization temperature.
4) Reduce the background absorption.
2. Descriptions of heating program
1) Drying stage
The purpose of this step is to make the sample to be dry without any loss.
Drying temperature setting: The principle of temperature setting is as following: The lowest
temperature for drying should be lower than the vaporization temperature of about 20-30 percent,
and the highest temperature should be higher than the vaporization temperature of about 20-30
percent. For example, a water solution with the ramp heating from 80 ‘C to 120 ‘C, and with the
step heating from 90°C to 95°C. The latter is slightly lower than the vaporization temperature.
Drying time setting: Every liter of the sample may cost about 2~3 seconds to vaporize under
around 100°C. For 10 ul sample, the standard drying time is 30 seconds. However, for the
sample with deal of coexisting substance, 60 seconds drying time should be better.
Please pay attention to bumping and bubble formation
2) Ashing stage
The purpose of this step is to remove the coexisting organism and low boiling point inorganic.
Then to reduce the interference of coexisting substance and smog which may bring
background absorption.
Ashing temperature setting: The ashing temperature can be set from 150°C to 1500°C, and it is
usually set under the range of 400°C-700°C. The ashing temperature has impact on the
background absorption and the atomic absorption sensitivity. The background absorption can be

reduced with a proper ashing temperature, and so that the sensitivity can be improved. The
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background absorption may increase with improper ashing temperature, and the sensitivity may
be reduced.
Ashing time setting: The ashing time setting rests on the sample volume. For example, the
ashing time is about 30 seconds for 10ul sample. Usually, step heating is not suggested for water
sample. For those samples with high viscosity, ramp heating is suggested to avoid bumping,
bubbles and other abnormal phenomena.

3) Atomization stage
The purpose of this step is to form atoms, and reduce or eliminate the background.
The atomization temperature should be just right. It should not be too high, otherwise, the
measurement repeatability of low temperature elements will become worse, and it's bad to the
service life of the graphite furnace. And it should not be too low, otherwise, the sample can’t be
atomized entirely, and it will cause residues, the measurement repeatability also will become
worse, and the measurement sensitivity also will be reduced.
The atomization time should be just right. If the time is too short, the absorption signal can’t
return to the baseline and residues will form. The time should not be too long, otherwise, it will be
harmful to the service life of the graphite tube. It should be within 8 seconds. Generally, an
atomization time of 3-5 seconds will be suitable.
Atomization temperature setting: Generally, it depends on the atomization characteristic of the
element. For low temperature elements, such as Na, K, Pb, Cs, Ag, Au, Zn, Cd, Hg, Ga, In, Tl, As,
Sb, Bi, Se, Te, Mg, Mn, and |, the atomization temperature could be no more than 2000°C. For
medium temperature elements, such as Li, Sn, Ca, Cu, Sr, Rh, Pt, Be, Sm, Eu, Tm, Yb, S, Cr, Fe,
Co, and Ni, the atomization temperature could be between 2000°C and 2500°C. And for high
temperature elements, such as Ba, Ru, Ir, V, Mo, U, Ti, So, Y, La, Ce, Pr, Nd, Gd, Tb, Dy, Ho, Er,
Lu, Si, Ge, B, Re, and P, the atomization temperature could be no less than 2500°C. However, it
is not an absolute classification method for the atomization temperature that described above.
Sometimes, optically controlled high power heating will be chosen, heating with a much higher
power than that used for normal atomization temperature. When it reaches
the atomization temperature, the system will return to the normal power supply mode to keep the
graphite furnace on the atomization temperature. Above heating mode is just the optically
controlled high power heating, and the valid temperature range is 1500°C~3000°C.

Atomization time setting: It depends on the atomization temperature of the element. For low or
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medium melting point elements with the atomization temperature lower than 2600°C, the
atomization time could be 3~5 seconds. For high melting point elements with the atomization
temperature higher than 2600°C, the atomization time could be 4~6 seconds. The atomization
time can be properly shorten, and the atomization temperature can be reduced with about
100-200 C when choosing optically controlled high power heating.

Note:

a. Although the atomic absorption signal returns to the baseline, a much high absorption peak
still can be existed in the clear stage, which is from the graphite tube contamination. Then,
several times of “Null burning” should be done to eliminate the contamination. Otherwise,
replace with a new graphite tube.

b. When the background value is large, it should be removed by ventilation with carrier gas.

c. Please reduce the sampling volume, and increase the carrier gas flow when the atomic
absorption signal can’t return to the baseline, which is usually caused by a high concentration.

4) Clear stage
The purpose of this stage is to remove all the residues on the graphite tube.
Clear temperature setting: It could be higher than the atomization temperature with about
100-200 C.

Clear time setting: It depends on the contamination. A clear time of 3~5 seconds is usually used.

Note: The clear stage should be with a carrier gas, and the carrier gas flow should be high
enough.

For example of the heating program setting, please refer to the parameters setting interface of the

graphite furnace (Fig. 6-1).

Graphite Furnace parameter settings
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Fig. 6-1
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Take the element of lead as an example. The heating program contains four steps: Drying stage (can
be divided to 8 stages, with 4 ramp heating stages and 4 step heating stages), ashing stage (can be
divided to 8 stages, with 4 ramp heating stages and 4 step heating stages), atomization stage (can be
divided to 2 stages, with 1 ramp heating stage and 1 step heating stage) and clear stage (with 1 step
heating stage). Generally, there are 4 stages, 2 stages and 1 stage respectively for drying stage,
ashing stage and atomization stage. Besides, a cooling time is necessary after completing the
heating program, and there are three selections, 15s, 30s, and 45s.

Following is a simulated diagram for the heating program (Fig. 6-2).

Setting heating parameters Rendering @

3000
2500
2000
1500
1000
500

0 25 50 70 HEl S

Fig. 6-2

6.2 Performance Qualification

The operations for performance qualification of the graphite furnace atomic absorption spectrometer are based
on the flame atomic absorption spectrometer, when the transmittance reaches to about 100%, click “Graphite
furnace reset”, the graphite furnace atomization device will automatically move into the light path. Adjust the

instrument to obtain the maximized transmitted beam. At last, click “Auto energy” to make the transmittance to

be 100%, and the performance qualification is completed.

6.3 Operation procedures

For graphite furnace atomizer is a kind of atomic absorption spectrometry, most of the analyzing conditions are
the same, here only illustrate the differences for reference.

When graphite furnace atomic absorption spectrometry is selected in the parameters setting interface (Fig. 6-1),
the heating program setting box will be shown in the right. Set the heating temperature, duration time, and
internal gas flow according to the setting principles and methods that described in “Heating program setting”.

Then, fix up the graphite tube and click “OK”, the instrument will do self-checking automatically and display the
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parameters setting interface (Fig. 6-1). Click “OK” again and switch to the wavelength scanning interface (Fig.
3-7) when all the requirements are met. However, this interface is without the “Ignition” button. Other operations
are like the flame method. Click “Next” and switch to the standard sample setting interface. Compared to the
flame method, there are several differences. The first difference is that there are three kinds of cooling time for
chosen, 15s, 30s, and 45s, with 30s as the default. The second difference is the display mode of the signal,

there are three selections (shown in Fig. 6-3)
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Measure Time l—ﬁ 5 Repeat Standard Sample l—l Tir Calculate Mudellml
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Sample Measure———————————————
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¥ Absorb Net SN 1

™ Absorb bat popeqy 1

Measure

o |

‘Nexil

‘ last |

Cancel

Fig. 6-3

a. Segment display: Display the times and signal waveforms of the whole heating program (drying,
ashing, atomization and clear) for each sample.
b. Continuous display: Continuously display the time and signal waveform of atomization for each
sample.
c. Overlap display: Display multiple samples in the same graph, and respectively display the time and
signal waveform of atomization repeatedly for each sample.
Other settings and operations are like the same as the flame method.
Click “Blank” and switch to the graphite furnace measurement interface (Fig. 6-4). If a new graphite
tube is used, several times of “Null burning” should be done until the absorbance is close to zero.
User can click “Test” to check whether the program is run with the settings or not. In the “Single-step
set” pane, whether drying, or ashing, or atomization, or clear, once be chosen, and the button
“Single-step execution” is clicked, the system will run the single step. Up to 20 times of “Concentrated
times” which is used for sample concentration can be set. Either standard sample or sample to be

measured, once the concentration procedure is selected, all the concentrated times should be run
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before measurement.

Click “Measure” after adding the sample into the graphite tube, the whole heating program will be run,

and the measurement result and the corresponding waveform will be given at last.
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injection
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Fig. 6-4

Other operations are the same as the flame method.
Power off: Disconnect the USB connection first. Then, respectively switch off the power of the

graphite furnace and the instrument. After that, turn off the computer. At last, cut off the water and the

gas, and switch off the total power supply.

Chapter 7 Maintenance

7.1 Instrument Maintenance

1. Periodic inspection

Whether the instrument is used or not, especially without using for a long time, periodic inspection should be

done. Generally, six months a time is necessary. The inspection includes following contents:

1) Complete inspection
Use the hollow cathode lamp of copper to check the whole instrument completely. Set the wavelength at
324.7nm, with the lamp current of 3mA and the bandwidth of 0.2nm. When the transmittance reaches
100%, record the negative high voltage, and save these conditions to certain file for later reference. Of
cause, it should be on premise of the conditions being all right, and the lamp position should be adjusted

right, the wavelength should be at the peak wavelength. Compare with each negative high voltage in each
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measurement, various problems can be explained. Such as the transmittance variety between the first
lens and the second lens, the element lamp lifetime cost, whether the circuit of the instrument is abnormal
or not, whether the monochromator works all right or not. Periodically run the instrument with proper time
can keep the electric circuit dry.

2) Atomization system inspection
Use the hollow cathode lamp of copper to check the atomization system, with the same static conditions
as above, block the light path when the burner is cold, and record the value. Compared with the values
and to explain some problems, such as whether the measurement sensitivity is reduced or not, whether
the burner is corroded or not, whether there is a residue in the nebulizer chamber or not, whether the
performance of the nebulizer is ok or not.

3) Drying cylinder inspection
Periodically check the silica gel in the drying cylinder. Normally, they should be blue and transparent. If
they become red, replace them with new dried ones timely, and the operation should be done without
electricity.

4) Hollow cathode lamp inspection
Generally, if the hollow cathode lamp is not used for a long time, to avoid spontaneous damage, it should
be timely lighted six months a time.

2. Routine maintenance

1) After completing the sample measurement, spray with the distilled water about 5-15 minutes (the time
length depends on the sample concentration). If the instrument will not be used for several days or a
longer time, run “Null burning” about 10-15 minutes to avoid the corrosion of the burner and the nebulizer
chamber.

2) Regularly clean the burner and the nebulizer chamber to reduce the risk of corrosion and avoid the
memory effect. Regularly check the mechanical system with lifting up and down, moving back and forth to
prevent corrosion. Regularly check the gas pipeline to avoid the fuel gas leakage. Regularly wipe off the
dust and sputtering liquid on the first and second lens, just with the mixture of pure alcohol and ether (1:1),
then, gently scrub with polyester cotton. To prevent the lens from damage, please don’t touch the lens with

a hard object

7.2 Maintenance and Troubleshooting of the Hydride Generation Device

1. Water injection
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Clamp the water inlet tube, remove the plug, fill the syringe with distilled water, and connect the syringe to the
water inlet tube. Inject the water until it reaches the highest level that marked with a blue line before the
whistle. Clamp the water inlet tube, remove the syringe, and block the inlet with the plug. The water will
evaporate after a long term use, so it should be added with above method when the liquid level is lower than
the marked line.

2. Electrothermal quartz tube cleaning
Some milk-white salt spray deposition will be on the inner surface of the absorption tube after a long term use,
which will react with hydrogen and generate hydrogen radical, take the hydrogen from the hydride and be
atomized, and cause the measurement sensitivity decline. So cleaning the absorption tube should be done
regularly. User can use hydrofluoric acid to clean the absorption tube. Place the absorption tube vertically,
and block both ports of the bottom and the branch with plastic plugs, then, pour concentrated hydrofluoric acid
into the tube from the upper port, pour the liquid out after holding 15 minutes. Then, rinse with water. Above

method can be used once only, and next time, it should be replaced with a new absorption tube.

Note: Please be carefully and don’t drop the acid onto the heating cord. Otherwise, the insulation layer will be
dissolved and causes short circuit.

3. Potassium borohydride no inhalation
Remove the No. 0 capillary tube in the lower left corner at rear of the hydride generation device, inject water to
the capillary tube with a syringe to keep it unobstructed, then, fix it back. If it is still obstructed, gently heat with
a small fire and inject water so that it will be unobstructed. Otherwise, replace with a new capillary tube.

4. Carrier liquid no inhalation
The No. 1 capillary tube is for carrier liquid. To keep it unobstructed, the operation is like the same as the No.
0 capillary tube.

5. No back-blowing after sampling tube filling with sample solution
Open the cover of the hydride generation device, find out the No. 2 capillary tube, make it unobstructed and fix
it back.

6. Sample and solutions inhalations ok, but no absorption signal
Check the mixed gas tube, and keep it unobstructed with gently pull. If there is some water on the inner wall,
blow it dry with air. The liquid level of gas-liquid separator should be above the lower marking line.

7. Start button can’t return to its position after reading whistling
Check the pipeline, make sure that the vent-pipe is unobstructed and the pressure is adequate.

8. High baseline and large blank value

Sampling with high concentration samples, may cause contaminations to the pipeline of the hydride
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generation device, and cause high baseline and large blank value. If that occurs, don’t do automatically zero,
just increase the carrier gas flow to blow away the contaminations on the pipe wall until the blank value return
to normal. Another way, directly connect the compressed air to the mixed gas outlet pipe to blow in reverse
until the blank value return to normal, and the waste tube should be clamped first.

9. Measurement sensitivity too high
If the measurement sensitivity is too high, user can increase the carrier gas flow, or dilute the sample. If it still
can’t satisfy the requirement, please contact us.

10. Open flame or explosion in the graphite tube
Phenomena of the open flame and explosion are the reflections of impure carrier gas (nitrogen or argon) with

too much oxygen. Please replace with high purity carrier gas.

7.3 Maintenance of the Graphite Furnace Device

As the graphite furnace method is mainly for trace and ultra trace measurement, user should pay more attention

to the maintenance of the furnace body.

1. Graphite tube
The graphite tube is the core of the furnace body, and it has a direct impact on the measurement results.
Generally, for the first using, several times of “Null burning” should be done until the absorbance is close to
zero. Contaminations may exist after a period of time unused, to obtain accurate measurement results,
several times of “Null burning” also should be done before reuse.
Besides, pay attention to the usage frequency. Generally, a temperature calibration is suggested after about
50-80 times use. If the measurement repeatability becomes poor and the sensitivity varies greatly, it may be
the service life of the graphite tube exhausted, and it's time to replace with a new one.

2. Graphite cone
The graphite cone is an intermediary to ensure the reliable contact between the graphite tube and the
electrodes. The contact quality of the graphite cone directly affects the graphite tube for that whether the set
temperature can be steadily arrived or not. Especially for those medium and high temperature elements, more
attention should be paid. The graphite cone may be contaminated and cause the poor measurement
repeatability and varied sensitivity. In that case, user should remove the graphite tube from the furnace body
and clean the graphite tube with polyester cotton that dipped in the mixture of alcohol and ether (1:1).
Generally, the graphite cone can be used for a long period. However, once the damage of the graphite cone is

confirmed, user can dismantle it with special tool (Fig. 10-1) and replace with a new one.
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The graphite cone can be dismantled and reinstalled as following:

1) Dismantle the left half of the graphite cone (Fig. 10-2): Loosen the two countersunk screws first, and
remove the optical sensor and the left shielded quartz window. Put the button stem into the inner cavity of
the left half of the furnace body, and put the outer barrel onto the outer ring of the graphite cone, clockwise

screw the screw arbor to push the button stem until the left half of the graphite cone is pushed out.

Furnace bod .
/—Y Outerring
Button stem il

et

Fig. 10-2

2) Dismantle the right half of the graphite cone: As above operation, remove the right shielded quartz window,
and place the withdraw tool of graphite cone in reverse. Clockwise screw the screw arbor to push the button
stem until the right half of the graphite cone is pushed out.

3) Reinstall the left half of the graphite cone: Put the left half of the graphite cone rightly back into the left half
of the furnace body, and push with hand. Then, respectively place a pad at both the ends (as shown in Fig.
10-3). Place the withdraw tool of graphite cone, screw the screw arbor to push the pad until the graphite
cone is slowly into the furnace body and close to the internal end. Then, fix up the outer ring and the

installation of the left half of the graphite cone is completed.
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Fig. 10-3

4) Reinstall the right half of the graphite cone: The operation is similar to the left half of the graphite cone, and
place the withdraw tool of graphite cone in reverse to install the right half of the graphite cone.

3. Shielded quartz window
The shielded quartz window is used for sealing the protection gas. For the light beam from the hollow cathode
lamp should pass though it, it should be with high transmittance. However, its inner surface may be polluted by
the graphite powder from the graphite tube and the sputtering liquid from the sample. Once the transmittance
becoming low and can’t return to the initial level, it may be the pollution problem of the shielded quartz window.
Remove it from the furnace body and clean it with polyester cotton dipped in the mixture of pure alcohol and

ether (1:1). Periodic cleaning also can be done if necessary.

7.4 Notices

To prolong the service life of the instrument, for safety usage and to keep the best performance of the

instrument, user should pay attention to following notices:

1. The monochromator of the instrument has been adjusted well before delivery. To keep its good performance,
please don’t disassemble it without authorization. Otherwise, any consequence brought about due to this
should be charged by the user.

2. To avoid unnecessary lost, please don’t plug in or pull out the power plug during the instrument running.

3. If the instrument is not commonly used, and user want to keep the wavelength set in the parameter setting
interface, user can save the wavelength parameter under the system reset. When the instrument is
commonly used, and the wavelength is not accurate, the system reset should be done. After that, do
wavelength scanning and make sure that the wavelength is accurate.

4. A water seal is needed for the flame method. User should connect the waste tube and add water to the
waste tube before measurement. Otherwise, the instrument may run unsteadily, even cause an accident of

backfire.
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5. The instrument provides automatic protection of the gas system, so that user needn’t to be scared when a
power failure occurs while ignition and sample atomizing. However, to avoid the fuel gas leakage when the
power is suddenly recovered, user should turn off the needle valve of the fuel gas first. Then, switch off the
instrument power and the computer power. It also means that the operator should not leave the instrument
as long as the ignition. And for safety consideration, user should pay attention to such an exceptional case.

6. When hydride generation method is chosen, user should check the liquid level of the gas-liquid separator
tube whether the requirement is met or not, otherwise, water injection should be done first.

7. Periodic replacement of the silica gel is needed when the instrument lays idle.

Any questions or comments about the documentation for this product, please contact us:

Address: A711 Haige International Building, Xuanwumen, Xicheng District, Beijing, China.

Zip Code: 102201

Tel: 010-63014082, 400-616-4686
Fax: 010-63132725

Email: exportmc@163.com

Website: http://www.macylab.com
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A BIOMA CIENTIFICA EIRELLI EPP esta autorizada a participar de licitagdes, a apresentar ofertas, a negociar e finalizar
as vendas em nome da Macylab Instruments Inc.

A BIOMA CIENTIFICA EIRELLI EPP ¢ responsavel pela instalagdo, treinamento do cliente, por reparos cobertos por
garantia e o servigo pés-venda dos produtos vendidos. .

Esta autorizagdo é valida até 31 de dezembro de 2022.
Atenciosamente,

Joyce Lee

[carimbo] MACYLAB INSTRUMENTS INC.

‘['ro'dyapé]
Telefone: 400-616-4686 http://ww.macylab.com

//ﬁm da trédugéo//

Nada mais continha o referido documento, o qual eu fielmente traduzi para o vernaculo. Esta tradugdo ndo implica
aprovagao, consentimento ou concordancia com a forma, autenticidade ou contetido do documento original. Nada mais.
Assino._dou fé. Belo Horizonte, 11 ¢# junho de 2018.

Dulce Maria da Silveira de Castro
Emolumentos: R$119,56

Rua Sdo Gotardo 71 - Santa Tereza - Belo Horizonte - MG
Telefax: (55-31) 2516-9482 Celular: (55-31) 9-9628-4142
Email: dulcecastro.traducao@gmail.com
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Letter of Authorization
Date: June 07,2018

To whom it may concern:

This is to certify that

BIOMA CIENTIFICA EIRELLI EPP
(CNPJ:07.993.655/0001-57)
RUA ERNESTO AUSTIN,307-BAIRRO BOA VISTA
CEP 31060-430-BELO HORIZONTE-MG-BRASIL

Is an authorized distributor for the territory of Brazil for the products manufactured by

Macylab Instruments Inc,
Haige International Building,Xuanwumen
Xicheng District, Beijing, China
Tel: +86-10-53395663 - Fax:+86-10-63132725
Cel:+86-15901796873

BIOMA CIENTIFICA EIRELLI EPP is authorized to bid in the tenders,submit offers, negotiate and finalize the sales on

behalf of MacylLab Instruments Inc.

BIOMA CIENTIFICA EIRELLI EPP is responsible for installation, customer training, warranty repair and after sales

This certificate will be valid till December 31, 2022.

service of sold products.

1° OFICIO DE TITULOS E DOCUMENTOS
REGISTRONe 01555193

Certifico e dou fé que o presente documento
foi apresentado, protocolado sob o n°
01555193, livro n° A-92, registrado em
microfiime e digitalizado sob o n® 01555193,
livro n® B-174, nesta data. Belo Horizonte,
12/06/2018. Emol 46,28 TUF: 11,94 ISSQN2,31 Recompe 2,77
Total: 63,30 Cod:5202-7: 1, 5550-9: 1, 8101-8" 12 RTD-BH

iria Kelly 0. dos Santo
Lo ‘M_nv:s;.ﬂ—
O Oficial

PODER JUDICIARIO - TIMG
CORREGEDORIA-GERAL DE JUSTICA
Oficio do 10 Registro de Titulos e Documensns
de Belo Horizonte - MG - CNS:05.529-3

Selo Eletrénico N© CCL32029
Cédd. Seg.: 9386.6112.1841.1848
Quantidade de Atos Praticados:00003
Emolumentos: R$49,05 - TF3: R$11,91};
Valor Final: R$60,99 7
(/\(\ Consulte a validade deste Selo no
site: https://seles.timg.jus.br

' 'h'? t ;17' 2 /'/ www I 'r:f}i/d b.com






..\\
we

BIOMA
Cientifica
Belo Horizonte, 15 de maio de 2018.
PROPOSTA N°: 117- 2018.
FUNDA(;I'-'\O UNIVERSIDADE FEDERAL DE SERGIPE
DEPARTAMENTO DE RECURSOS MATERIAIS
PREGAO ELETRONICO SRP 003/2018
PROCESSO ADMINISTRATIVO 23113.021432/2017-39

BIOMA CIENTIFICA EIRELI - EPP - Estabelecida & Rua Ernesto Austin, 307 - Bairro Boa Vista — CEP 31060-430 - Belo
Horizonte — MG - Telefone: (31) 3485.6319 - Celular: (31) 999739386 - E-mail: bioma@biomacientifica.com.br - CNPJ]
07.993.655/0001-57 - Inscricao Estadual: 001.515.603.00-84. Apresenta proposta de pregos dos equipamentos & produtos,
conforme abaixo discriminado:

ITEM QTE DESCRICAO UNIT. TOTAL
R$ R$
08 04 Espectrofotometro de Absorcdo AtOmica, Marca MACYLAB INSTRUMENTS, 119.700,00 478.800,00

Modelo (#AA-1800D).

Espectrometro de absorcdo atdomica AA-1800, pode ser usado para a analise de
amostras complexas, multifuncional automatica cheia, varios métodos de
analise podem alternar automaticamente, analise automatica ndo
tripulada. Espectrofotometro de absorcdo atémica AA-1800 ¢é agora
amplamente utilizado em pesquisa cientifica, controle de qualidade, controle de
doengas, protecdo ambiental, metalurgia, agricultura, industria quimica.
Hardware e design de software de inovagao para garantir a precisao,
seguranga, facilidade de uso na andlise de amostras, manutencdo de
equipamentos, simples e conveniente.

Principais caracteristicas:

Sistema Optico automatico de alta precisdo: 1800/mm reticulo (taxa de
dispersdo) monocromador com grade de grande area, um novo tipo de auto
colimacao, todas as lentes sdo de revestimento de quartzo, a faixa de deteccao
e a estabilidade da dptica ampla garantem a precisdo da analise. Configuracdo
automatica 8 soquete/ 8 fonte de alimentacdo da lampada independente, pode
ser respectivamente pré-aquecidas.

Camara de pulverizagdo de polimero: Camara de pulverizacdo de corrosao de
materiais poliméricos, acido e alcali de resisténcia, incluindo acido hidrofludrico,
seja organico ou inorganico, pode ser a mais alta sensibilidade e estabilidade.
Queimador de titanio: O queimador de titdnio, o queimador opcional de 50 mm
e 100 mm, o tipo pré-misturado de resfriamento a ar, resistente a corroséo,
resistente ao alto teor de sal, melhora muito a eficiéncia da analise e a precisao
da chama.

Andlise automatica: Pode realizar automaticamente ignicdo de seguranca,
extingdo e comutagdo, estrutura confidvel, baixa taxa de falhas, garantindo
assim a sensibilidade e reprodutibilidade do método de chama.

O sistema de fonte de luz de conversdo automatica de 8 lampadas, pode ser
diretamente usado ldmpada de catodo oco de alto desempenho, melhora a
andlise de sensibilidade da chama, o ajuste automatico dos paréametros da
fonte de alimentacdo e da posicdo do feixe, varredura automatica de
comprimento de onda e pico de busca.

Fungdo de software: Software inteligente, fungdo poderosa, operagdo amigavel
da interface. Os instrumentos automaticos e o controle adicional, chama, modo
de funcionamento da fornalha de grafite, podem ser comutados
automaticamente, otimizacdo automatica, diluicdo automatica; operagdo do
mouse, dados do menu de configuracdo automatica e método de corregao.
Principais Parametros Técnicos:

Fonte de Luz: Torre automatica de <8 lampadas, alinhamento automatico;
Fonte de Energia: 110 / 220V (+ 5% ~ -10%), 60 / 50Hz; 5000VA;

Corrente da Lampada: Fonte de alimentagdo pulsada;

Sistema Optico: Grande régua de grade 1800/mm, sistema éptico totalmente
fechado;

Faixa de comprimento de onda: 180nm-900nm (Automaticamente o pico
encontra uma fungdo chave de otimizagdo optica);

Precisdao do comprimento de onda: <0.15nm

Repetibilidade do comprimento de onda: £ 0,1 nm

Largura de banda espectral: Onm, 0.2nm, 0.4nm, 1.0nm, 2.0nm (5 etapas com
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PROPOSTA N°: 117- 2018.
troca automatica);
Estabilidade de linha de base: < + 0,002A/30 min (Estatico) < + 0,005A/30min
(Dindmico);
Faixa de Absorcdao:0-4A
Sistema Analitico de Chamas
Detector: Tubo fotomultiplicador importado;
Cabeca do queimador: Cabega de combustdo em titdnio, combustdao de 50mm
ou de 100mm;
Camara de atomizacdo: Camara de pulverizacdo a prova de explosao;
Nebulizador: Atomizador de vidro eficiente, também pode ser personalizado;
Tipo de ignigdo: Controle microprocessado, ignicdo automatica;
Controle de Gas: Sistema automatico de controle de gas;
Limites de Deteccao (Cu): 0,002 pg/mL;
Precisao: RSD<0,5%
*Incluso: 10 L&mpadas de Catodo & escolher.

# Validade da proposta: Conforme Edital.
# Prazo para entrega: Conforme Edital.

# Ressalva: Em virtude de toda a logistica envolvida no processo de importacdo e desembaraco alfandegario com destino ao
Brasil, através da Receita Federal, Anvisa, Inmetro e Mapa. Todo o processo de importacdo apresenta as seguintes
condigcOes: Fechamento de Cambio com assinatura de contrato junto ao Banco do Brasil e envio do Swift de pagamento ao
exportador (10 dias); Pedido de manufatura para producdo dos produtos/equipamentos junto ao fabricante com prazo médio
de entrega no pais de procedéncia/origem em (60 dias); Transporte aéreo/maritimo internacional da carga para o Brasil (40
dias); Desembaraco alfandegario no Brasil (40 dias). Existem ainda outros fatores internos no Brasil de ordem publica que
sdo as frequentes greves dos Auditores da Receita Federal e Anvisa. Portanto, devido & todos os tramites burocraticos,
procedimentos de logistica e desembaraco alfandegario no processo de importacdo, o prazo para entrega, pode
eventualmente ocorrer entre 90/120 dias.

# Declaramos que nos pregos estdo incluidos todos os custos diretos e indiretos de despezas, tais como encargos fiscais,
comerciais, sociais e trabalhistas e demais despezas decorrentes da execucao do objeto.

# Garantia: Conforme Edital.
# CondicOes de pagamento: Conforme Edital.
# Dados Bancarios: Banco do Brasil - Agéncia 3495-9 - Conta Corrente: 2410-4

Atenciosamente,

Marcello Ribeiro Rodrigues
Sécio Administrador
RG M3-216.606 SSP/MG
CPF 574.989.116-04





