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Abstract: With ever rising emission of pollutant gases from 

different sources like factories, auto mobiles and power, it is a 
subject of emerging concerns that some strong measures are 
required to monitor and control these pollutant. Breathing of 
these gases may cause serious harmful effects to anyone. In these 
gases, Carbon Monoxide (CO) is often called "Silent Killer" as 
being colour-less, odour-less and poisonous, it is undetectable by 
humans. When inhaled it, it deprives blood stream of oxygen and 
suffocates its victim. In this paper we are proposing a simple 
system to monitor Carbon Monoxide (CO). Carbon Monoxide 
(CO) detectors are used to detect CO. This paper also discusses 
analysis of amount of these CO based a data set from Kaggle and 
prediction of possible amount of CO in air using regression. The 
prediction accuracy which is measured as RMSE is 0.17766.   

 
Keywords : pollutant monitoring, pollution, air quality, 

pollution control, CO emission.  

I. INTRODUCTION 

Emerging concerns about pollution and its effects on 

environment as well as on human health has given a push to 
activities to control it. It requires different ways to collect, 
monitor and analyze levels of pollutant in air. Carbon 
monoxide (CO) - a colorless, odorless, tasteless, and toxic air 
pollutant—is produced in the incomplete combustion of 
carbon-containing fuels, such as gasoline, natural gas, oil, 
coal, and wood. The largest source of CO [9] is vehicle 
emissions. Breathing the high concentrations of CO [1] [8] 
typical of a polluted environment leads to reduced oxygen 
(O2) transport by hemoglobin and has health effects that 
include headaches, increased risk of chest pain for persons 
with heart disease, and impaired reaction timing. Vehicle 
emissions led to increased and unhealthful ambient CO 
concentrations cities. With the introduction of emissions 
controls by different government organization like EPA (in 
U.S.), particularly automotive catalysts, estimated CO 
emissions from all sources decreased by some considerable 
amount. 
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In this paper, we are proposing a system to monitor and 
analyze CO amount in air. The system consists of two parts: 

1. Device : It consists of MQ - 7 sensor connected to ADC 
of Atmega 32A micro controller. It takes reading with specific 
delays and sends it through medium like wifi or gsm 
(whichever available) to cloud server. The reading taken and 
transmitted by sensor are in parts per million (PPM).  

2. Cloud :  Cloud consist of centralized or distributed 
system depending upon geographical convenience. Its task is 
simply to collect and store readings from devices at different 
locations. Further, these reading can be used to analyse and 
visualize different pattern. This can be useful to evaluate 
different factors causing increase or decrease in amount of 
CO in air. Also using linear regression, it is possible to predict 
what can be future values to make different emission control 
policies. 

II.  HOW CO AFFECTS HUMAN BODY 

The CO molecule is made up of a carbon and an oxygen 
atom. CO has a density similar to air. But, its density rises 
when it is produced because of heat caused by combustion. 
When it cools down, it starts circulating as same as ambient 
air. Oxygen molecules enter the lungs through respiration and 
are transported to cells throughout the body by attaching to 
hemoglobin in the blood by circulation. CO poisoning can 
affects due to shorter exposure to high level or prolonged 
exposure to low levels of Carbon Monoxide [10,11]. CO 
molecules attach to hemoglobin far more readily than oxygen. 
Thus, when CO molecules present in environment are inhaled 
and interfere with circulation of oxygen, by attaching itself to 
hemoglobin, throughout the body, it can cause harmful effects 
as given in table below. 

 
Table- II: Name of the Table that justify the values 

CO Concentration (in PPM) Symptoms 

50 
No adverse effects with 8 hours of 
exposure. 

800 

Headache, nausea, and dizziness after 45 
minutes of exposure; collapse and 
unconsciousness after 2 hours of 
exposure 

1,000 
Loss of consciousness after 1 hour of 
exposure 

6,400 
Headache and dizziness after 1-2 minutes 
of exposure; unconsciousness and danger 
of death after 10-15 minutes of exposure 

III. TYPES OF CO DETECTORS 

Carbon Monoxide (CO) detectors are devices that monitor 
the amount of CO in the air over a given period of time.  
Thereare three types of CO detectors present [3]. 
 

Identification of Carbon Monoxide Levels 
Bane Raman Raghunath, Sonar Pratik, Bane Megha R., Walke Sourabh  

mailto:rrbane@git-india.edu.in
mailto:Pratik.jeffysonar@gmail.com
mailto:meghabane2004@gmail.com
mailto:sourabhwalke@gmail.com
https://www.openaccess.nl/en/open-publications
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://crossmark.crossref.org/dialog/?doi=10.35940/ijitee.D1137.029420&domain=www.ijitee.org


 
Identification of Carbon Monoxide Levels 

 

884  

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  

Retrieval Number: D1137029420 /2020©BEIESP 
DOI: 10.35940/ijitee.D1137.029420 
Journal Website: www.ijitee.org 

A. Biomimetic CO Detector 

Biomimetic CO detectors mimic how hemoglobin reacts in 
biological organisms to Carbon Monoxide. A biomimetic 
sensor monitors infrared light that is passed through a disc of 
synthetic hemoglobin that darkens in the presence of CO.  
Thus, as CO concentrations increase, the light signal becomes 
weak, which triggers the alarm. 
Biomimetic detectors are low cost. They require a low current 
draw to operate. But, these detectors are susceptible to false 
alarms if environmental conditions fluctuate outside peak 
operating ranges. 

B. Metal Oxide Semiconductor CO detector 

In Metal Oxide Semiconductor (MOS) detector technology, 
using an electric current, a tin dioxide semiconductor is 
heated with some fixed time intervals. When semiconductor 
reaches its operating temperature, it is starts changing its 
resistance in the presence of carbon monoxide. Once the 
resistance change reaches to a threshold value, it sounds the 
alarm. 

MOS detectors are more expensive to purchase and operate 
than other types of sensors. This type of sensor requires high 
current draw in order to heat metal oxide. Furthermore, MOS 
detectors are susceptible to false alarms in the presence of 
some common household chemicals or gases other than CO. 

C. Electrochemical CO detector 

Electrochemical sensor uses a combination of a platinum 
electrode and acid that lead to a reaction between CO and the 
oxygen in the air. This reaction produces an electric current. 
When CO is present in the air, the current output increases 
above a given threshold and so the alarm is sounded. CO 
detectors using electrochemical sensors are commonly used in 
industrial applications. These detectors are reliable, require a 
low current draw, and are highly responsive to CO. 

IV. DEVICE 

Device has MicroChip Atmega32A at it's core. In our 
prototype, device uses MQ - 7 CO detection sensor to take 
readings. It is connected to ADC of Atmega32A. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1.  Example of a figure caption. (figure caption) 

In our prototype, we have used ESP8266-01 Wifi Module for 
connectivity. It is connected to UART interface of 
Atmega32A. It connects to Access Point and sends detected 

readings to cloud server through internet. Also we can use any 
medium to send data to cloud server. Fig. 1 shows the 
architecture diagram of  the device.  Following hardware 
components are used for device: 

.  
Microchip Atmega 32A Microcontroller. 

 
Fig. 2: Microchip Atmega 32A Microcontroller 

 
    The Microchip Atmega32A is a low-power CMOS 8-bit 
microcontroller. It is based on the AVR enhanced RISC 
architecture. It can achieve throughputs close to 1MIPS per 
MHz. 
    It has 32 K Bytes of In-System Self Programmable Flash 
Program Memory, 1 K Bytes of EEPROM and 2 K Bytes of 
internal SRAM. Also, it has on chip ADC and serial interface 
support for UART, SPI, TWI protocols. 
 
1. ESP8266-01 Wifi module. 

 

 
Fig. 3: ESP8266-01 Wifi Module 

 
ESP8266 is a complete and self-contained Wi-Fi network 

solutions that can carry software applications. It has built-in 
TCP/IP protocol stack. Supporting UART interface, it can 
provide wifi access to microcontorller based application. It 
can work in both P2P or soft-AP modes. There is a set of AT 
commands that allow communication with it for MCU. 
Built-in cache memory will help improve system performance 
and reduce memory requirements. 
2. MQ – 7 CO detector/sensor: 

 

 
Fig. 4: MQ – 7 CO detector/sensor 

 
    MQ-7 [4] gas sensor is Metal Oxide Semiconductor (MOS) 
CO detector.  It make detection by method of cycle high and 
low temperature, and detect CO at low temperature (heated by 
1.5V). The sensor’s conductivity gets higher along with the 

CO gas concentration rising. At high temperature(heated by 
5.0V), it cleans the other gases adsorbed at low temperature. 
    Given below is test ckt of MQ - 7 as given in its datasheet: 
 

Atmega32A MCU 

ESP8266-01 
Wifi Module 

MQ-7 CO Sensor 

Serial Interface 

ADC 
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Fig. 5: MQ -7 CO detector test circuit 

 
Diagram below shows sensitivity curve of MQ-7 sensor as in 
its datasheet:  
 

 
Fig. 6: MQ-7 sensitivity curve 

     
    To ease the calculation we plotted simple regression plot: 
 

 
Fig. 7: MQ – 7 reading calculation plot 

 
    With y-intercept being 193.803 and co-efficient -500.89, 
we can calculate CO (in ppm) as, 
 CO = -500.89 + reading (V) * 193.803 

V. RESULT ANALYSIS AND DISCUSSION 

A. Description 

    We picked a dataset 'US Pollution 2000-2016' [5] from 
Kaggle which is extracted from Environmental Protection 
Agency (EPA), USA by @sogun. The complete dataset is 
available at https://www.kaggle.com/sogun3/uspollution. 
    Dataset includes reading taken at different point across 
USA from 2000-2016 with details of place and time.  

    It provides details of four pollutant namely, CO, NO2, SO2 
and ground level O3. Each pollutant has its five metrics of 
description. For instance, for CO: 
 CO Units : The units measured for CO.  
 CO Mean : The arithmetic mean of concentration of CO 

within a given day. 
 CO AQI : The calculated air quality index of CO within a 

given day. 
 CO 1st Max Value : The maximum value obtained for CO 

concentration in a given day. 
 CO 1st Max Hour : The hour when the maximum CO 

concentration was recorded in a given day. 
    CO units value is “parts per million” for all records.  

B. Understanding the dataset. 

    The dataset includes readings taken at different points 
(address) in 47 states in USA. With state California having 
highest count of 49 address, followed by Pennsylvania 21and 
so on. With some state like Hawaii having single address 
record. Plot below describes number of address present in 
different states. 

 
Fig. 8: Count plot for no. of address in states 

     
The dataset consist of records from 2000-01 to 2016-05. 

However, for all addresses the data is not present from 2000 
to 2016-05. It varies by amount of period in which reading 
were taken for different addresses. For example, 
 

Address Start Date End Date 
1415 Hinton Street, 

Texas 
01-01-2000 31-03-2016 

14306 PARK AVE., 
VICTORVILLE, CA, 

California 
19-01-2000 31-03-2016 

NO. B'HAM,SOU 
R.R., 3009 28TH ST. 

NO., Alabama 
01-12-2013 31-05-2016 

2 YARMOUTH 
ROAD, RG&E 

Substation, New York 
31-01-2011 31-12-2011 

200TH STREET AND 
SOUTHERN 

BOULDVARD Pfizer 
Lab, New York 

23-01-2007 30-04-2016 

Table 2: Range of dates at which records are present 
 
    The plot below describes the number of records present 
year-wise. 
 

https://www.kaggle.com/sogun3/uspollution
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Fig.9: Number of records year-wise 

    The variation in number of records is because the varying 
ranges of dates at which records are present. Thus, we have 
records of 196 points (addresses) in 47 states across USA in 
dataset. 

VI. RESULT ANALYSIS AND DISCUSSION 

A. Analysing the data. 

    The dataset can be analyzed in different ways to provide 
different insights in  data gathered at different points. This can 
help monitor and regulate pollution in different areas. 
    The table below gives year - wise high polluting sites along 
with month where mean of CO Mean reading was high.  

 
Address 
 

State 
CO 
Mean 

Month 

1029 ETHEL ST, 
CALEXICO HIGH 
SCHOOL 

California 7.15 2000-12 

1029 ETHEL ST, 
CALEXICO HIGH 
SCHOOL 

California 4.78 2001-10 

1029 ETHEL ST, 
CALEXICO HIGH 
SCHOOL 

California 5.42 2002-01 

80 E. 'J' ST., CHULA VISTA California 4.50 2003-10 
1029 ETHEL ST, 
CALEXICO HIGH 
SCHOOL 

California 4.33 2004-01 

1029 ETHEL ST, 
CALEXICO HIGH 
SCHOOL 

California 4.14 2005-12 

1029 ETHEL ST, 
CALEXICO HIGH 
SCHOOL 

California 4.04 2006-02 

1029 ETHEL ST, CALEXICO 
HIGH SCHOOL 

California 4.30 2007-12 

1029 ETHEL ST, CALEXICO 
HIGH SCHOOL 

California 2.79 2008-10 

1029 ETHEL ST, 
CALEXICO HIGH 
SCHOOL 

California 3.76 2009-12 

14306 PARK AVE., 
VICTORVILLE, CA 

California 3.56 2010-06 

1029 ETHEL ST, 
CALEXICO HIGH 
SCHOOL 

California 2.96 2011-01 

1029 ETHEL ST, 
CALEXICO HIGH 
SCHOOL 

California 3.44 2012-01 

1029 ETHEL ST, 
CALEXICO HIGH 

California 2.60 2013-12 

SCHOOL 
1061-A Leesville Ave Louisiana 2.12 2014-01 
14306 PARK AVE., 
VICTORVILLE, CA 

California 2.06 2015-12 

1029 ETHEL ST, 
CALEXICO HIGH 
SCHOOL 

California 1.71 2016-02 

Table 3: Maximum captured CO mean value in year 

    We can observe that most of site are from state California.   

    The table below gives year - wise one of low polluting sites 
along with month where mean of CO Mean reading was low. 

 
Address State CO Mean Month 
1005 
INDUSTRIAL 
ROAD 

Nevada 0.00208 2001-10 

1005 
INDUSTRIAL 
ROAD 

Nevada 0.00208 2002-02 

1005 
INDUSTRIAL 
ROAD 

Nevada 0.00208 2003-01 

1061-A 
Leesville Ave 

Louisiana 0.00208 2004-12 

1210 N. 10TH 
ST.,JFK 
RECREATION 
CENTER 

Kansas 0.00208 2005-02 

1029 ETHEL 
ST, CALEXICO 
HIGH SCHOOL 

California 0.00208 2006-08 

1061-A 
Leesville Ave 

Louisiana 0.00020 2007-08 

1061-A 
Leesville Ave 

Louisiana 0.000652 2008-03 

Queens College   
65-30 Kissena 
Blvd  Parking 
Lot#6 

New York 0.000021 2009-06 

1059 Arnold 
Road 

Pennsylvania 0.002084 2010-04 

NCore - North 
Cheyenne 
Soccer Complex 

Wyoming 0.000041 2011-08 

NCore - North 
Cheyenne 
Soccer Complex 

Wyoming 0.000041 2012-07 

2500 1ST 
STREET, N.W. 
WASHINGTON 
DC 

District of 
Columbia 

0.000021 2013-11 

NCore - North 
Cheyenne 
Soccer Complex 

Wyoming 0.000479 2014-07 

NCore - North 
Cheyenne 
Soccer Complex 

Wyoming 0.001214 2015-06 

10TH AND 
MARNE 
STREETS 

Pennsylvania 0.00208 2016-03 

Table 4: Minimum captured CO mean value in year 
 
    For further analysis we picked address '14306 PARK 
AVE., VICTORVILLE, CA' which is address of 'Mojave 
Desert Air Quality Management' in California State. It covers 
most of time period. So, we get a good amount of data to train 
our linear regression model. Also, it appears in max table at 
year 2015.  
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It covers every month from 2000-01 to 2016-03. But from 
count, it can be observed that some records are missing for 
some months. The most probable solution would be filling 
these missing records with mean value. 
However, we applied group by (using Month) on entire record 
with mean (average) function for regression model training 
data set. Thus adding missing record would not change 
month-wise CO Mean values.  
 Plot below shows number of records present month wise in 
year 2015. 
 

 
Fig. 10: Number of records month wise in year 2015. 

 
    We examined characteristics of CO Mean of selected 
address for December 2014 and in year 2015 month-wise. For 
month April 2015 having missing records from 07 April to 12 
April the CO Mean values are filled with mean values of CO 
Mean of existing records. 
 

 
 

Fig. 11: Characteristics of CO Mean in month 2014-12 
 

 
 

Fig. 12: Characteristics of CO Mean in month 2015-01 
 

 
 

Fig. 13: Characteristics of CO Mean in month 2015-02 

 

 
 

Fig. 14: Characteristics of CO Mean in month 2015-03 
 

 
 

Fig. 15: Characteristics of CO Mean in month 2015-04 
 

 
 

Fig. 16: Characteristics of CO Mean in month 2015-05 
 

 
 

Fig. 17: Characteristics of CO Mean in month 2015-06 

 
 

Fig. 18: Characteristics of CO Mean in month 2015-07 
 

 
 

Fig. 19: Characteristics of CO Mean in month 2015-08 
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Fig. 20: Characteristics of CO Mean in month 2015-09 
 

 
 

Fig. 21: Characteristics of CO Mean in month 2015-10 
 

 
 

Fig. 22: Characteristics of CO Mean in month 2015-11 
 

 
 

Fig. 23: Characteristics of CO Mean in month 2015-12 
 

    As it can be observed, the range of values in an year varies. 
Actually, these values vary by different season as in Winter 
they reach near to 0.8 ppm while in Summer it stays near to 
0.4 ppm. 
    This happens because of phenomenon called inversion [6]. 
In USA, there are four seasons - Winter (December to 
February), Spring (March to May), Summer (June to August) 
and Autumn (September to November). 
    The boxplot below describes how CO Mean values vary by 
season. It is plotted over a complete season cycle (from 
2014-12 to 2015-11). 

 

 
Fig. 24: Distribution of CO Mean values over different 

seasons 
 

    The median value for winter is high is 0.46 ppm which goes 
down to 0.19 in summer, rising back in autumn to 0.35 ppm. 
    Also, the same phenomenon makes influence over the time 
at which Maximum reading (CO Max) was recorded. Box plot 
below shows how hour at which maximum value was 
recorded varies. 

 
Fig. 25: Distribution of CO Mean values over different 

seasons 
 

    Most of the values occur to be in hours when there is dark 
(night or early morning). However, considering median 
values, for winter it is late to 06:00 A.M. while for summer it 
is recorded early at 02:30 A.M. 
    Geographical distribution of CO Mean can provide how 
CO levels are distributed regionally (state-wise) in different 
states. Plots below show geographical (state-wise) 
distribution of CO levels season-wise in season cycle from 
2014-12 to 2015-11. Mean of CO values was calculated for 
every record in all present states season-wise.  

 
Fig. 26: Distribution of CO Mean in Winter by state 
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Fig. 27: Distribution of CO Mean in Spring by state 

 

 
Fig. 28: Distribution of CO Mean in Summer by state 

 

 
Fig. 29: Distribution of CO Mean in Autumn by state 

     

    The CO Mean values in maps for Winter are considerably 
high than for Summer. 
    So, in above ways, the data captured and sent by 
devices at different points can be used to analyze and 
view insights in data that can provide as an input or bias 
for government organization to create environmental 
regulation policies. 

B. Prediction using Linear Regression. 

    In statistics, linear regression [7] is a linear approach for 
modelling the relationship between a scalar dependent 
variable y and one or more independent variables Xi. We 
modeled a linear regression model over CO Mean (in ppm) 
against MonthID. Month had a string format was converted to 
numeric form monthID such that the Month at which record 
started (2000-01 in this case) is marked at 0. 

Following function did mapping between month to MonthID. 

 

 

 

 

 

 

 

 

  

 
The data was split into 3/4rd and 1/4th subpart. 3/4rd split was 
used to train the linear regression model while 1/4th was used 
to test it. 
    Plot below show trained linear regression model. 

 
Fig. 30: Trained linear regression model 

Actual and Predicted results are  shown in Table 5. 

Actual_Result Prediction Difference 

0.170932173 0.356639544 -0.185707371 
0.18106429 0.281424746 -0.100360455 

0.221262054 0.343294983 -0.122032929 
0.325724683 0.360885541 -0.035160857 
0.150266717 0.305687584 -0.155420867 
0.147643516 0.3032613 -0.155617784 
0.892879183 0.294162736 0.598716448 
0.391567194 0.354819831 0.036747362 
0.42807115 0.359672399 0.068398751 

0.123299484 0.319638716 -0.196339232 
0.567365607 0.365131537 0.20223407 

0.5342284 0.36695125 0.16727715 
0.353398183 0.340262128 0.013136055 
0.225504613 0.274752465 -0.049247852 
0.940810339 0.292949594 0.647860745 
0.72082079 0.351180405 0.369640385 

0.170511645 0.325704425 -0.15519278 
0.395835911 0.357852686 0.037983225 
0.225597323 0.300835016 -0.075237694 
0.33803755 0.308720439 0.029317111 

0.518967645 0.37301696 0.145950685 
0.295119339 0.27778532 0.017334019 
0.314384387 0.322065 -0.007680613 
0.358665694 0.275965607 0.082700086 
0.202378032 0.346934409 -0.144556377 
0.439358339 0.278998462 0.160359877 
0.135337258 0.283244459 -0.1479072 
0.280765367 0.355426402 -0.074661035 
0.518151274 0.335409561 0.182741714 
0.384309226 0.361492112 0.022817114 

0.2183286 0.298408732 -0.080080132 

# start is first month in record of given address is of form 
‘2000-01’ 
# tofind is input feature for which the CO Mean values   
is to be predicted is of form ‘2018-11’ 
def toID(tofind,start):  
    startY = int(start.split('-')[0]) 
    startM = int(start.split('-')[1]) 
    tofindY = int(tofind.split('-')[0]) 
    tofindM = int(tofind.split('-')[1]) 
    id = 12 - startM 
    id += (tofindY – startY) - 1 )) * 12  
    id += tofindM 
    return id  
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0.163613726 0.312359864 -0.148746139 
0.374687097 0.34147527 0.033211827 
0.271526629 0.287490455 -0.015963826 
0.067197371 0.285670742 -0.218473371 
0.36549275 0.370590676 -0.005097926 

0.170814484 0.325097854 -0.154283371 
0.204835968 0.295982449 -0.091146481 
0.148128321 0.314179577 -0.166051256 
0.280933033 0.331770135 -0.050837102 
0.163678581 0.30932701 -0.145648429 
0.326386452 0.277178749 0.049207703 
0.319776071 0.306900726 0.012875346 
0.320334468 0.377869527 -0.05753506 
0.370090567 0.371197247 -0.00110668 
0.3273785 0.37968924 -0.05231074 

0.262260774 0.35421326 -0.091952486 
0.234297183 0.289916739 -0.055619556 
0.544380548 0.307507297 0.236873252 

Table 5: Actual and Predicted result 
 
The Y-intercept of model was 0.38029581. The coefficient 
for CO Mean was -0.00060657. Thus, the amount of CO 
decreases by 0.00060657 for every next month. But, this can 
be updated as with new values over time, the model will be 
updated. The prediction accuracy is measures as RMSE (Root 
Mean Squared Error) is 0.17762 which is acceptable. 
    The testing data features were used to predict values of CO 
Mean for test monthIDs. Plot below shows distribution of 
difference between predictions and test data labels (test labels 
- prediction). 

 

Fig. 31: Distribution of test_labels – 
prediction(test_feature) values 

    As the peak for Kernel Density Estimation (KDE) lies near 
to 0, we can say that model choice of linear regression was 
right. 

VII. FUTURE SCOPE 

The system is created for Carbon Monoxide. But, the 
system can be scalable for any pollutant types like Nitrogen 
dioxide (NO2), Sulphur Dioxide(SO2) or Ground level Ozone 
(O3). This can help to predict future pollutant levels in air. 
And so, to control pollution levels. 

VIII. CONCLUSION 

Air pollution is having adverse effects from respiratory 
disease to harmful greenhouse effects. It is important to create 
a system to monitor and control their emissions. We have a 
created a system to monitor, analyze and predict CO levels in 
air. This can be used to identify how different factors emit CO 
in air. Also, system can be used to help make better regulation 

policies. The prediction carried out by regression gives 
prediction accuracy of RMSE 0.17766 which is in the 
acceptable range. This way our environment can be protected. 
The implementation cost is very less as commodity hardware 
and open source software is used. 
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ABSTRACT 
3-hydroxy benzoic acid is an organic chemical which can be obtained naturally as well as synthetically. The 

literature survey reveals its various biological properties viz. antimicrobial, antialgal, antimutagenic, antiestrogenic, 

hypoglycemic, anti-inflammatory, anti-platelet aggregating, nematicidal, antiviral, antioxidant etc. It is also reported 

to be used as a preservative in many drugs, cosmetic products, pharmaceuticals, food and beverages. Some 

derivatives of 3-hydroxybenzoic acid are found to possess direct action on Hbs molecules, inhibit acetic acid-

induced oedema and used in the management of sickle cell disease. It also has wide applications in perfumery 

industries. In this paper, novel ester / hybrid derivative of 3- Hydroxy benzoic acid was synthesized and tested for its 

potential antibacterial activity. This combinatorial synthesis of novel 3-Hydroxy benzoic ester/hybrid derivative can 

be a useful approach to generate potent chemotherapeutic agents in developing new drug candidates. 

Keywords: 3-Hydroxy Benzoic Acid, IR, 
1
HNMR, TOF MS, DCC, DMAP, Biological Activities, Antibacterial, 

Agar Cup Method. 
© RASĀYAN. All rights reserved 

 

INTRODUCTION 
Phenolic compounds exist in most plant tissues as secondary metabolites, i.e. they are not essential for 

growth, development or reproduction but may play roles as antioxidants and in interactions between the 

plant and its biological environment. Phenolics are also important components of the human diet due to 

their potential antioxidant activity, their capacity to diminish oxidative stress induced tissue damage 

resulted from chronic diseases, and their potentially important properties such as anticancer activities
1-5

. 

3-Hydroxybenzoic acid is found in common plants such as grapefruit (Citrus paradisi), olive oil (Olea 

europaea), and medlar fruit (Mespilus germanica)
6,7

. It has glucosylating activity
8
. 3-Hydroxy benzoic 

acid is a naturally occurring active compound having antimicrobial, anti-inflammatory and 

antioxidant/anticancer properties, in continuation to our earlier work we thought of synthesizing 

compounds with novel ether, ester and hybrid derivatives of 3-hydroxy benzoic acid wherein 3-hydroxy 

benzoic acid would be etherified, esterified and hybridized with various other compounds and to check 

whether these compounds possess above biological activities
8-18

. The objective of this study is to 

condense two molecules of the same disease domain to produce more potent candidate in the same 

disease domain or to condense two molecules of different disease domain to produce a mixed variety of 

those disease domain or to have drug candidate with entirely different biological activity.  

 

EXPERIMENTAL 
Melting points were determined on a Thomas Hoover capillary melting point apparatus using a digital 

thermometer. IR spectra were recorded on a Shimadzu FTIR Prestige model as KBr pellet. 
1
H NMR 
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spectra were recorded on a Varian 200 MHz spectrometer in CDCl3. Chemical shifts were recorded in 

parts per million downfield from tetramethylsilane. Mass spectra were recorded on a TOF MS ES mass 

spectrometer. Elemental analysis was carried out as a percentage on a Thermo Finnigan, Flash EA 1112 

series, Italy. 

 

Materials and Methods 
Chemicals used were of a laboratory grade. The reactions were monitored by TLC on aluminum-backed 

silica plate visualized by UV-light. 

 

RESULTS AND DISCUSSION 
Preparation of 3-methoxy benzoic acid :- 3-hydroxybenzoic acid (1) was subjected to esterification using 

(MeOH / Conc. H2SO4, 8 hrs.) to yield 3-hydroxy methyl benzoate (2) which were subjected to  

etherification with various alkyl halides (K2CO3 / Acetone / Reflux, 6 – 8 hrs) to yield 3-alkoxy methyl 

benzoate (3) derivatives which were purified by column chromatography. These purified ether derivatives 

were subjected to hydrolysis using 10 % Aq. KOH in MeOH followed by precipitation with dil. HCl at 10 

– 15
0
C to yield off white ppt. of 3-alkoxy benzoic acids (4 – 6) quantitatively. They were filtered through 

Buchner funnel, wash with water till neutral, suck dry and finally dried in an oven at 70
0
C for 12 hrs. 

Their structures were unambiguously confirmed by IR, 
1
H NMR, Mass spectroscopy and elemental 

analysis. 

 

where R = butyl (4),
pentyl (5), hexyl (6)

(1) (2) (3) (4)

Reaction Scheme 1 :

3-Hydroxy
benzoic acid

MeOH / Conc.

H2SO4, Reflux,

8 hrs.

K2CO3/Acetone

Alkyl halide,
Reflux, 4 - 6  hrs.

3-Hydroxy methyl
benzoate

3-Methoxy
methyl benzoate

10 % Aq. KOH 

MeOH, 6 hrs,
20 - 250C

3-Alkooxy
benzoic acid

 
Scheme-1 

 

Above 3-alkoxy benzoic acids were then condensed with 3-Hydroxy methyl benzoate under DCC / 

DMAP / Pyridine condition in dichloromethane to yield desired hybrid derivatives (7, 8, 9) respectively 

whose structures were unambiguously confirmed by IR, 
1
H NMR, Mass spectroscopy and elemental 

analysis and tested for their potential antimicrobial activity.   

 

Synthesis of Fused Molecules(7-9) 
These were prepared by following the general method as depicted below. 

To a stirred solution of 3-Hydroxy methyl benzoate [A] (1 eq.) in 30 ml dichloromethane was added DCC 

[C] (1.3 eq.), DMAP [D] (0.05 eq.), pyridine [E] (0.5 eq.) and the reaction mixture stirred at room 

temperature for 5 min. A clear solution of the reaction mixture was obtained. To this, compound [B] 

aromatic / substituted aromatic acid (1.3 eq.) was added and stirring continued at room temperature for 

the next 8 hrs. As the reaction proceeds, urea derivative precipitates out as a by-product. The progress of 

the reaction was monitored by TLC for completion of the reaction. 

 

Work Up 

The reaction mixture filtered through celite bed which gets rids of by-product urea derivative. The filtrate 

was concentrated to minimum, preadsorbed on silica gel (100 – 200 mesh) and purified by column 
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chromatography with an increase in the concentration of ethyl acetate in petroleum ether. The general 

yields of these reactions range between 70 – 80 %. This is another method of preparing esters and follows 

green chemistry parameters.  

The most significant features of this methodology are (a) good accessibility of the reagent and its stability 

(b) a stoichiometric amount of reagent can be used by direct weighing, avoiding excess (c) no evolution 

of hazardous vapors during the reaction (d) the total elimination of the use of toxic organic solvents (e) a 

simple experimental procedure (g) good control over the outcome of the reaction by varying the amount 

of reagent (h) less expensive. The aforesaid protocol thus provides an improved procedure for the 

synthesis of useful hybrid derivatives having important pharmaceutical, agricultural and other 

physicochemical properties. 

Reaction scheme 2 :
(C) DCC,
(D) DMAP,
(E) Pyridine,
24 hrs, RT

Dichloromethane

(A) (B)

Hybrid derivatives

where R = butyl (7), pentyl (8), hexyl (9) 
 

S .  N o .  A  B  P r o d u c t  ( R )  

1  3-Hydroxy methyl benzoate (2) 3-Butoxybenzoic acid (4)   - C 4 H 9  ( 7 )  

2  3-Hydroxy methyl benzoate (2) 3-Pentoxybenzoic acid (5)   - C 5 H 1 1  ( 8 )  

3  3-Hydroxy methyl benzoate (2) 3-Hydroxybenzoic acid (6)   - C 6 H 1 3  ( 9 )  

 

Scheme-2 

Characterization of Compounds (4) to (9)  

3-Butoxybenzoic acid (4) 
1
H NMR (CDCl3, 200 MHz)  δ ppm : 1.042 ( t, J = 6.2 Hz, 3H, -CH3, terminal methyl from butyl bromide 

moiety), 1.40 – 1.70 (m, 2H, 1 x –CH2 from butyl bromide moiety), 1.70 – 1.90 (m, 2H, 1 x –CH2 from 

butyl bromide moiety), 4.040 (t, J = 6.6 Hz, 2H, 1 x –OCH2 group), 7.0 – 7.8 (m, 4H, ArH), 10.749 

(broad hump, 1H, -OH, D2O exchangeable); IR (KBr) cm
-1

:- 2954, 2937, 2871 (methyls, methylenes, 

methines), 2670 – 2500 (-OH stretching of –COOH group), 1684 (acid carbonyl >C=O group), 1601 – 

1582 (aromatic); TOF MS ES:  217  (M + Na);  Molecular Formula C11H14O3; Melting range 59 – 

61
0
C; Elemental Analysis, Calcd.: C 67.97 %, H 7.33 %, O 24.70 %. Found C 67.95 %, H 7.35 %, O 

24.71 %. 

 

3-Pentoxybenzoic Acid (5)  
1
H NMR (CDCl3, 200 MHz)  δ ppm : 0.993 ( t, J = 7.2 Hz, 3H, -CH3, terminal methyl from pentyl 

bromide moiety), 1.20 – 1.60 (m, 4H, 2 x –CH2 from pentyl bromide moiety), 1.60 – 1.90 (m, 2H, 1 x –

CH2 from pentyl bromide moiety), 4.030 (t, J = 6.4 Hz, 2H, 1 x –OCH2 group), 7.1 – 7.8 (m, 4H, ArH), 

10.289 (broad hump, 1H, -OH, D2O exchangeable); IR (KBr) cm
-1

:- 2951, 2913, 2892, 2870, 2848 

(methyl, methylenes, methines), 2700 – 2500 (-OH stretching of –COOH group), 1684 (acid carbonyl 

>C=O group), 1600 – 1587 (aromatic); TOF MS ES:  231  (M + Na);  Molecular Formula C12H16O3; 

Melting range 96 – 100
0
C; Elemental Analysis, Calcd.: C 69.18 %, H 7.72 %, O 23.10 %. Found C 69.21 

%, H 7.79 %, O 23.08 %. 

 

3-Hexoxybenzoic Acid (6) 
1
H NMR (CDCl3, 200 MHz)  δ ppm : 0.925 ( t, J = 6.4 Hz, 3H, -CH3, terminal methyl from hexyl 

bromide moiety), 1.10 – 1.60 (m, 6H, 3 x –CH2 from hexyl bromide moiety), 1.60 – 1.90 (m, 2H, 1 x –
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CH2 from hexyl bromide moiety), 4.026 (t, J = 6.4 Hz, 2H, 1 x –OCH2 group), 5.324 (broad hump, 1H, -

OH, D2O exchangeable), 7.1 – 7.8 (m, 4H, ArH); IR (KBr) cm
-1

:- 2955, 2902, 2867 (methyl, methylenes, 

methines), 2676 – 2565 (-OH stretching of –COOH group), 1677 (acid carbonyl >C=O group), 1601 – 

1586 (aromatic); TOF MS ES:  245  (M + Na);  Molecular Formula C13H18O3; Melting range 112 – 

115
0
C; Elemental Analysis, Calcd.: C 70.18 %, H 8.22 %, O 21.60 %. Found C 70.21 %, H 8.19 %, O 

21.58 %. 

 

 (3-methoxycarbonylphenyl) 3-butoxybenzoate  (7) 
1
H NMR (CDCl3, 200 MHz)  δ ppm : 0.96 (t, J = 7.2 Hz, 3H, terminal methyl from butyl bromide 

moiety), 1.3 – 1.6 (m, 4H, 2 x –CH2 from butyl bromide moiety), 1.6 – 1.9 (m, 2H, 1 x –CH2 from butyl 

bromide moiety), 3.94 (s, 3H, 1 x Ar–COOCH3 group), 4.045 (t, J = 6.4 Hz, 2H, 1 x –OCH2 group), 7.1 

– 8.0 (m, 8H, ArH); IR (KBr) cm
-1

:- 2952, 2934 (methyls, methylenes, methines), 1726 – 1685 (ester 

carbonyls >C=O), 1615 – 1584 (aromatic); TOF MS ES:  351  (M + Na);  Molecular Formula 

C19H20O5; Off white solid; Melting range 66 – 70
0
C; Elemental Analysis, Calcd.: C 69.48 %, H 6.12 %, O 

24.40 %. Found C 69.51 %, H 6.09 %, O 24.39 %. 

 

(3-methoxycarbonylphenyl) 3-pentoxybenzoate  (8) 
1
H NMR (CDCl3, 200 MHz)  δ ppm : 1.006 (t, J = 7.2 Hz, 3H, terminal methyl from pentyl bromide 

moiety), 1.1 – 1.4 (m, 2H, 1 x –CH2 from pentyl bromide moiety), 1.4 – 1.7 (m, 2H, 1 x –CH2 from pentyl 

bromide moiety), 1.7 – 2.0 (m, 2H, 1 x –CH2 from pentyl bromide moiety), 3.94 (s, 3H, 1 x Ar–COOCH3 

group), 4.054 (t, J = 6.6 Hz, 2H, 1 x –OCH2 group), 7.1 – 8.0 (m, 8H, ArH); IR (KBr) cm
-1

:- 2952, 2934 

(methyls, methylenes, methines), 1726 – 1685 (ester carbonyls >C=O), 1615 – 1584 (aromatic); TOF 

MS ES:  365  (M + Na);  Molecular Formula C20H22O5; Reddish yellowish crystals; Melting range 57 

– 65
0
C; Elemental Analysis, Calcd.: C 70.18 %, H 6.52 %, O 23.30 %. Found C 70.21 %, H 6.49 %, O 

23.28 %. 

 

(3-methoxycarbonylphenyl) 3-hexoxybenzoate (9) 
1
H NMR (CDCl3, 200 MHz)  δ ppm : 0.924 (t, J = 6.8 Hz, 3H, terminal methyl from hexyl bromide 

moiety), 1.2 – 1.7 (m, 6H, 3 x –CH2 from hexyl bromide moiety), 1.7 – 2.0 (m, 2H, 1 x –CH2 from hexyl 

bromide moiety), 1.7 – 2.0 (m, 2H, 1 x –CH2 from hexyl bromide moiety), 3.94 (s, 3H, 1 x Ar–COOCH3 

group), 4.044 (t, J = 6.4 Hz, 2H, 1 x –OCH2 group), 7.1 – 8.0 (m, 8H, ArH); IR (KBr) cm
-1

:- 2952, 2934 

(methyls, methylenes, methines), 1726 – 1685 (ester carbonyls >C=O), 1616 – 1585 (aromatic); TOF 

MS ES:  379  (M + Na);  Molecular Formula C21H24O5; Pale pink crystals; Melting range 110 – 

112
0
C; Elemental Analysis, Calcd.: C 70.80 %, H 6.80 %, O 22.40 %. Found C 70.78 %, H 6.82 %, O 

22.28 %. 

 

Chromatographic System 

Column Chromatography 
For column chromatography 100 – 200 mesh Acme grade silica gel is used. The crude reaction mixture is 

concentrated under reduced pressure to yield crude mass which is preadsorbed on silica gel and purified 

by column chromatography with an increase in the concentration of Ethyl acetate in Petroleum ether. The 

fractions having similar ‘Rf’ values were pooled together, concentrated and subjected for characterization 

using various spectroscopic techniques. 

 

Thin Layer Chromatography 
TLC plates were prepared using silica gel G (ACME, BOMBAY). Pet. ether: EtOAc  (85: 15) was used 

as the solvent system.  

 

Radial Chromatography 
The circular glass plates of thickness 1 mm, were prepared by using silica gel (PF254, E. MERCK, 50 g) 

in cold distilled water (105 ml). For elution, gradually increasing concentrations of EtOAc in a pet. ether 

was employed. 
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Probable mechanism for fused / hybrid molecules :
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Scheme-3 
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Biological Activity 
Antibiotic Sensitivity Testing by the Agar Cup Method

19-20
  

Diffusion assay technique is a standard method used to estimate the antibacterial activity of different 

antibiotics in fluids when tested against selected indicator bacterial strain.  

The agar cup method can also be used for assays of antimicrobial agents in body fluids like a serum, CSF 

to determine whether therapeutic levels of antimicrobial agents have reached the likely sites of infection. 

This is especially important when chemotherapy fails to promote patient recovery even when the 

pathogen was shown to be sensitive to the drug used. Drug concentrations are also monitored in body 

fluids to see if an accumulation of the drug is occurring which might lead to potentially toxic 

concentrations and cause harmful side effects. The other main reason for measurement of antibiotics is to 

document that oral antibiotics are being absorbed from the gastrointestinal tract. 
 

Requirements 
St. MH agar butt (20 mL) - 2 

 St. petriplate - 2 

 St. 1mL pipette - 4  

 Standard antibiotic solutions (7 – 9) 

 St. Cork borer (external diameter l0 mm) 
 

Method 

Day-1 
1. Inoculate 0.2 ml of Staphylococcus aureus ATCC 6538 culture to 20 mL of cooled, melted MH 

Agar butt, mix and pour into a sterile plate. Allow it to solidify make 4 wells in each plate using a 

sterile cork borer. Transfer 0.l mL of 4 different antibiotic solutions in each well of a plate 

aseptically using a micropipette. Place the plate in the refrigerator for 30 min for prediffusion of 

the antibiotic solutions. Incubate the plates at 37°C for 24 hrs. 

2. Inoculate 0.2 ml of Escherichia  col i  ATCC 8739 culture to 20 mL of cooled, melted MH 

Agar butt, mix and pour into a sterile plate. Allow it to solidify make 4 wells in each plate using a 

sterile cork borer. Transfer 0.l mL of 4 different antibiotic solutions in each well of a plate 

aseptically using a micropipette. Place the plate in the refrigerator for 30 min for prediffusion of 

the antibiotic solutions. Incubate the plates at 37°C for 24 hrs. 

Day-2 

Measure the diameter of zone of inhibition given by each antibiotic solution and interpret. 

Note: 

1. Presence of a haze of growth within the zone around the disc indicates drug resistance in the 

population of the isolate. 

2. Quality control should be performed each time a new lot of discs or agar is used. NCCLS has 

established limits of zone size that are acceptable for quality control.  

 
Table-1: Antibacterial Activity Results 

Antibacterial activity of compounds (7 - 9) on E scher ich ia  co l i  [Gram nega t ive ]  

S. No. Name of the compound 
Zone of inhibition (in mm) 

1 2 Mean 

1 (A) 
3-Hydroxy methyl benzoate (2) 

Base Molecule 
14 mm 18 mm 16 mm 

2 (B) 
(3-methoxycarbonylphenyl) 3-

butoxybenzoate  (7) 
30 mm 29 mm 29.5 mm 

3 (C) 
(3-methoxycarbonylphenyl) 3-

pentoxybenzoate  (8) 
31 mm 33 mm 32 mm 

4 (D) 
(3-methoxycarbonylphenyl) 3-

hexoxybenzoate  (9) 
30 mm 28 mm 29 mm 
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Fig. 1 . Antibacterial activity of compounds (7 - 9) on E sch er ich ia  co l i  [ Gr am nega t ive]  

 

Table-2: Antibacterial Activity Results 

Antibacterial Activity of Compounds (7 - 9) on S tap hy lo co ccu s  a u reu s    [ Gr am po s i t i ve ]  

S. No. Name of the compound 
Zone of inhibition (in mm) 

1 2 Mean 

1 (A) 
3-Hydroxy methyl benzoate (2) 

Base Molecule 
18 mm 16 mm 17 mm 

2 (B) 
(3-methoxycarbonylphenyl) 3-

butoxybenzoate  (7) 
27 mm 28 mm 27.5 mm 

3 (C) 
(3-methoxycarbonylphenyl) 3-

pentoxybenzoate  (8) 
28 mm 28 mm 28 mm 

4 (D) 
(3-methoxycarbonylphenyl) 3-

hexoxybenzoate  (9) 
26 mm 26 mm 26 mm 

 

 
Fig.-2. Antibacterial Activity of Compounds (7 - 9) on S tap hy lo coccu s  au reu s    [Gr am po s i t i ve]  

 

CONCLUSION 
The novel hybrid derivatives of 3-Hydroxy benzoic acid were synthesized by cost-effective industry 

viable process following the principles of green chemistry. The synthesis of hybrid derivatives was 

another way to prepare ester derivatives using DCC as a dehydrating agent in a reasonably good yield. 

The probable mechanism for the formation of hybrid derivative was also discussed.  

The biological activity suggests that the base molecule 3-hydroxy methyl benzoate have anti-bacterial 

activity against both the bacterial cultures. Its derivatives viz. 7, 8, 9 were also active against both Gram + 

ve and Gram-ve cultures. Thus, fused molecules of 3-Hydroxy benzoic acid (7 - 9) having alkyl side chain 

were potential antibacterial candidates. In-depth analysis of these compounds through structure-activity 

relationship studies would provide further insight and can be an interesting topic of future studies. 
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The structural diversity and the pronounced biological activities encountered in the 3-hydroxy benzoic 

acid derivatives suggests that this class of compounds were worthy for further studies that may lead to 

derivatives by using combinatorial chemistry approach was an alternative strategy to new therapeutic 

discovery. In other words the generation of diverse  3-hydroxy benzoic acid derivatives develops new 

therapeutic molecules that might result in candidates having better activity. These synthesized hybrid 

derivatives were chemically new and confirmed by Sci-Finder search. 
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Abstract: The workers and people working in chemical and allied industries are exposed to the toxic releases and emissions. They face risk of many 
possible disasters. Health awareness, safety and hazard identification are very important aspects of modern day operating procedures in chemical, 
pharmaceutical, petroleum, biochemical and allied industries. Chemical engineering the core of industrial development. Various raw materials with 
variety of properties and applications are used for synthesis of products. High temperature and pressure conditions are required in many reactions and 
also for storage of various materials in liquefied forms. Extreme operational and storage conditions call for stringent safety norms and disaster 
management systems. Various chain reactions and exothermic reaction are cause of concern. Any problem in cooling system can cause huge disaster. 
The awareness about consequence of small errors should be emphasized on the workers. The chemical engineering education is complimented by 
laboratory studies and experimentation. These experiments also involves many chemicals and hence laboratory disaster identification and mitigation 
measures need to be studied. Research laboratories are more prone to such incidences as many new materials are synthesized and new processes, 
reactions are developed. This paper summarizes these guidelines and practices. 
 
Index Terms: Prevention, injuries, accident, disaster, accident, calamities, safety, awareness, policy. 

———————————————————— 

1 INTRODUCTION   
Toxicological properties of various materials, chemicals, heavy 
metals   and their effect on human being are discussed by 
many investigators [1-5]. Exposure to various compound like 
phenol can cause various long term and short term effects [6-
10]. The extent of effect on living system depends on time of 
exposure and the concentration.  Organic materials present in 
the wastewater can also cause health problems [11-15]. 
Toxicity due to heavy metals is also cause of concern. Heavy 
metals have tendency to accumulate in human bodies [16-20]. 
The workers and people working in chemical and allied 
industries are exposed to the toxic releases and emissions. 
They face risk of many possible disasters. Health awareness, 
safety and hazard identification  are very important aspects of 
modern day operating procedures in chemical, 
pharmaceutical, petroleum, biochemical and allied industries. 
Chemical engineering the core of industrial development. 
Various raw materials with variety of properties and 
applications are used for synthesis of products. High 
temperature and pressure conditions are required in many 
reactions and also for storage of various materials in liquefied 
forms. Extreme operational and storage conditions call for 
stringent safety norms and disaster management systems. 
Various chain reactions and exothermic nature of reaction are 
cause of concern. Any problem in cooling system can cause 
huge disaster. The awareness about consequence of small 
errors should be emphasized on the workers. The chemical 
engineering education is complimented by laboratory studies 
and experimentation. These experiments also involves many 
chemicals and hence laboratory disaster identification and 
mitigation measures need to be studied. Research 
laboratories are more prone to such incidences as many new 
materials are synthesized and new processes, reactions are 
developed. Proper safety guidelines are required for such 
laboratories. Many agencies, government and nongovernment 
bodies, regulatory authorizes have prepared guidelines and 
standard procedures for handling disasters and accidents in 
laboratories and industries. This paper summarizes these 
guidelines and practices. 
 
 
 
 
 

2 REVIEW ON DISASTERS, HAZARDS AND 
SAFETY IN LABORATORIES AND INDUSTRIES 
It is always envisaged that the chemical engineer have 
detailed idea of possible the accidents and hazards in 
chemical industries. Most of the industries showcase personal 
protective equipment as major disaster management activity. 
As they say ‗prevention is better than cure‘, proper knowledge 
and awareness of the process is key to avoid the accidents. 
Redddy and Yarrakula discussed the accidents taken place 
across 30 countries [21]. They identified 70 such accidents 
and analyzed them. The statistics show that on an average 30 
deaths and 90 people injuries occur per accident [21]. These 
figures are really alarming. The number of deaths are 
maximum in African and Asian countries. In developed 
countries the deaths are very less and injuries are more. This 
indicates difference in medical facilities and also 
sophistications and awareness of   post-accident handling of 
accidents and first aid. Industries handling hydrocarbon and 
toxic chemicals   are more prone to accidents. Also 
Flammability and explosive nature of hydrocarbon is reason 
behind sixty percent of accidents. In laboratory practices, it is 
desired that all the investigators, guides, subject teachers are 
aware of the properties of the chemicals, they are handling. 
Physical, chemical and biological properties are indicators of 
possible hazards due to them. Use of proper clean up 
procedure after spillage is decided based on the nature and 
amount of chemical spillage [22]. If the properties and nature 
of chemical is not known then the spillage should be treated 
as highest risk to human safety and dealt with accordingly. 
Approximately up to 4 liters of spillage of the inflammable 
nontoxic chemicals is treated as minor spillage. Also spill with 
20 ml of hazardous chemical is treated as minor spill [22]. For 
minor spillage cleanup is done by laboratory staff. If the 
release or spillage poses major health risk and requires 
immediate evacuation, high level of toxicity and unclear about 
data about chemicals, then this type of spillage is termed as 
major spillage. Studying the material and safety data sheet 
before handling the chemicals is required to avoid the 
accidents. According to Chen, effective process safety 
management is key to process safety [23]. In detail study of 
the chemicals and processes is needed for effective safety 
management. Collecting data, acquiring information and 
gaining knowledge are steps towards effective safety 
management. Knowledge can be of two types [23]. One is 
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explicit, acknowledge that can be shared and documented 
without discussion. Other is tacit knowledge, which comes 
from experience and should be discussed with other 
members. A good knowledge framework helps in preventing 
disasters and hazards. Identification, storage, classification 
and selection of knowledge should done based on available 
data and experience. Explosion is one of the common disaster 
type happening in chemical and allied industries. The 
explosion prevention activities can be carried out at three 
levels [24]. Manufacturers, operators and auditors form three 
levels of such activities. According to   Abdou, laboratories and 
research organization have been slower to adopt such safety 
practices and programs [25]. In an activity program most of the 
dangers can be avoided by proper practices. It is envisaged to 
have science instruction program for safe operation of 
laboratories and research facilities. According to him, safety 
and health should be important aspects of science instruction 
programs. Security is preventive measure taken to avoid 
accident. Safety is protection against accident while security is 
prevention against deliberate harm. Difference between them 
can be described by using one examples. Labelling helps to 
recognize hazardous chemicals. This is safety aspect. Also 
labelling helps to identify the thefts also. This is security aspect 
of labelling. The factors such as Genetics, Specific chemical, 
Protection controls,    Dose & Duration Concentration   Life 
style   & Environment affect the diseases and their severity. 
People should be trained to use fire extinguisher. The 
chemicals must be labelled clearly about their properties such 
as flammable, poison, explosive, toxic, bioactive and 
biohazards etc. Various measures are taken in Japan for 
determining health and safety of workers [26]. Promotion of 
safety program and appreciation of disaster and safety related 
activities can be helpful in spreading safety the chemicals. 
Bologna et al. discussed safety aspects of computer based 
systems for chemical process industries[27]. The safety issue 
has cultural, management and engineering aspects to think 
and study [27]. The safety problems must be address in the 
context of entire system. Various protective systems have 
mechanical, hydraulic, pneumatic, electrical, electronic, 
programmable electronic tools. Process measurement, 
regulation and surveillance applications are made easier with 
the use of proper instrumentation systems. Computers are 
used for Control and alarm systems Safety systems 
Interlocking systems Leak detection systems, Instrument 
monitoring systems Fire and gas detection systems [27].In 
India, there is need for sustained efforts for educating workers 
about risk and hazards at workplace and need for training 
about the same [28]. Substantial efforts are still required to 
improve prediction, mitigation and release of hazardous 
chemicals, gases in the atmosphere. The emission of toxic 
gases in the atmosphere during accidents is major concern for 
the people around the area. Atmospheric conditions decide 
their concentrations at various distances from the source. 
Efforts are done for educating the people for handling the 
situation when disaster occurs in chemical industries. National 
disaster guideline were published by the government of India 
in 2007 [28].In detail guidelines for infrastructure, medical 
facilities, handling, and storage are discussed in detail in these 
guidelines. In the context of worldwide threats due to misuse 
of chemicals and reagents, it is important that the research 
and educational institutes are aware of possible accidents due 
to intentional or unintentional activities of the people [29]. Daily 
commitment by each person can make the safety program 

successful. Faculty members should promote the safety 
programs and make student aware of possible hazards. The 
possible hazards is very important term because student may 
have to face many situations they may not have encountered 
with in real life. Mock accidents and disasters can help 
students to handle the future scenario if it actually occurs in 
much better and composed manner. According to   McLeod, 
formal job safety analysis is the best safely tool [30]. All 
emergency exits and drains should be regularly checked. 
Eating and drinking in the laboratory area must be strictly 
avoided. The guidelines for loss prevention and control for 
high-hazard chemical and petrochemical plants should be paid 
more attention [31]. These guideline helps in evaluation of 
highly divergent protection levels. Pre-emergency planning, 
preventive maintenance and inspection and management of 
change were some key aspect discussed in the global asset 
protection guidelines [31]. Oluoch et al. discussed the 
Occupational Safety and Health Hazards‘ Exposure in water 
service industry [32]. They prepared and got filled the 
questionnaire for obtaining primary data. They conducted risk 
analyses for biological, chemical, ergonomics, physical, and 
psychological and safety risks. Their study indicated that 
biological and chemical risk was very high for the workers. 
Various government agencies and research organizations are 
involved in providing assistance and creating awareness about 
safety and hazards in research laboratories [33]. The 
importance of consulting and listening to the past researchers 
is being emphasized upon the researchers. Fuentes-Bargues 
discussed risk analysis for fuel storage terminal [34]. They 
used hazard and operability study (HAZOP) and fault tree 
analysis for the purpose. Size and complex nature of plants, 
variety of chemicals handled makes the HAZOP study 
important part of safety measures. The probability of risk and 
failure can be analyzed by the FTA. Loading and unloading of 
chemicals   are probable risk incidents for the workers. 
Loading area is prone to spillage hazards. Training of staff can 
help in avoiding the danger due to human errors. When 
natural disaster (earthquake) occurs during laboratory 
working, the ongoing experiments should be completed and no 
new experiments should be started. Prior to evacuation, all the 
chemicals should be identified and labelled. Appropriate 
storage locations should be identified and materials should be 
stored accordingly. Also tightly sealed, waterproof containers 
should be used for storing reactive chemicals (35). Handling of 
nano-chemicals and emergency planning need to be 
discussed and implemented with lot of thought. Many new 
material and new equipment are being synthesized and 
fabricated with specific applications. Identification of possible 
hazards due to these new developments should be taken into 
consideration while preparing laboratory safety guidelines 
[36].Pharmaceutical industries and prone to biohazards and 
toxic release. Toxicological data and hazard identification are 
important aspects of safety measures [37].Hazardous 
materials are classified from A to E categories. Various 
government and non-government agencies, firms and 
laboratories are working hard to keep the people safe. They 
have published studies and guidelines for hazards, safety and 
disaster management in chemical laboratories [38, 39]. These 
efforts need more support from government, workers, research 
and people at large for implementation of more safe and clean 
practices. Proper disposal of electronic and hazardous waste 
can avoid many potential disasters. Most of the times the solid 
waste is buried in the land.  This is a potential risk as the soil 
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cover can be get removed and waste may be exposed. The 
hazardous waste poses big threat to the people near the 
dumping site [40-42]. Incineration, sanitary landfill and aerobic 
and anaerobic methods can be used for solid wastes 
depending on their composition [43-45].  Proper disposal of 
electronic and hazardous waste can avoid many potential 
disasters. The management of electronic waste is very 
important from hazard prevention perspective. Compared to 
developing countries, India needs more awareness among the 
stakeholders regarding E waste. Policy frameworks are 
prepared from time to time [46-47]. Legal measures are also 
being taken in India and other developing countries. E-waste 
recycling is being explored and practiced [48-50]. 
 

3 CONCLUSION 
Health awareness, safety an hazard identification  are very 
important aspects of modern day operating procedures in 
chemical, pharmaceutical, petroleum, biochemical and allied 
industries. Chemical engineering the core of industrial 
development. Various raw materials with variety of properties 
and applications are used for synthesis of products. High 
temperature and pressure conditions are required in many 
reactions and also for storage of various materials in liquefied 
forms. Extreme operational and storage conditions call for 
stringent safety norms and disaster management systems. 
Various chain reactions and exothermic nature of reaction are 
cause of concern. Any problem in cooling system can cause 
huge disaster. The awareness about consequence of small 
errors should be emphasized on the workers. Proper disposal 
of electronic and hazardous waste can avoid many potential 
disasters. The management of electronic waste is very 
important from hazard prevention perspective. Compared to 
developing countries, India needs more awareness among the 
stakeholders regarding E waste. 
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ABSTRACT 

Aluminium composites are broadly utilized as a part of different designing fields like vehicle area, 

aviation applications and restorative field. Specific AMCs are utilized as a part of aviation 

applications due to their light weight proportion, colossal quality contrasted and different metals 

and effortlessly accessibility of materials.The various effective additive compositions like SiC, 

Mg, Al2O3, Tic, B4C, Tin, and ZrO2 were studied. Out of these additives ZrO2 having good wear 

characteristics. The aim involved in designing metal matrix composite materials is to combine the 

desirable attributes of metals and Ceramics. In this work Aluminium 7075 based metal matrix 

composite properties adding ZrO2reinforced material compositions with proper weight 

percentageto enhance the strength of material and made testing of wear properties in that 

fabricated material. Wear of metals is influenced by many factors such as material, surrounding 

atmosphere and sliding conditions. In this present work, the composition of ZrO2 is varying with 

2%, 3%, 4% and 5% to enhance the wear rate and the final outcome infer that the 5% 

combination of ZrO2 indicates great outcome in wear contrasted with other blend. 

Keywords: AMC, Additives, Wear 

I. INTRODUCTION 

Metal Matrix composites (MMCs) as a rule comprise of a low-thickness metal, for example, 

aluminium or magnesium, fortified with particulate or strands of a clay material, for example, 

silicon carbide or graphite. Contrasted and unreinforced metals, MMCs offer higher particular 

quality and solidness, higher working temperature, and more prominent wear protection, and also 

the chance to tailor these properties for a specific application.  
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a. Aluminium 7075 

The aluminium 7075 as shown in Fig.1 was created totally in mystery, and wasn't utilized as a 

part of the generation of planes for the Imperial Japanese Navy until 1940. It was particularly 

used to build the Mitsubishi A6M Zero casing, and it was considered from its first use in World 

War II, to be the best transporter based warrior of the time. It was flown in arrive based crusades 

too. This composite was first utilized as a part of the United States and different nations in 1943, 

promoted by Alcoa, and utilized widely inside the aviation and flying machine businesses very 

quickly. 

 

Fig.1 Aluminium 7075 Plate 

Table 1.Properties of Al7075 

  

Properties Value 

Elastic Modulus 70 to 80GPa 

Density 2.81 g/cc 

Poisson’s ratio 0.33 

Hardness 60 HB 

Tensile Strength 220MPa 

 

 

Table 2.Composition of Al7075 

         

Zn Mg Cu Fe Si Mn Ti Cr Al 

5.1-6.1 2.1-2.9 1.2-2 0.5 0.4 0.3 0.2 0.18-0.28 87.1-91.4 

b. Zirconium dioxide 

Zirconium dioxide is one of the most studied ceramic materials. ZrO2 adopts a monoclinic crystal 

structure at room temperature and transitions to tetragonal and cubic at higher 

temperatures.Zirconia, otherwise called Zirconium dioxide is an outstanding compound in the 

restorative field and in addition our human lives. This mineral is synthetic and is molded in a 

strong cubic crystalline shape. Individuals around the globe have utilized this as a precious stone 

simulant because of its immaculate shading and visual state. Zirconia is a white crystalline 

powder (in specific structures it can be a crystalline cubic shape).  
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Fig. 2 Zirconium di-oxide 

Zirconia can be utilized for some things, for example, therapeutic drug or precious stone 

stimulants by including metal oxides into the procedure that shaped the infinitesimal gems this 

test energetically changed the shade of the compound. By including different mixes it changed the 

shades of the compound shading by shading. This trial made zirconia exceptionally attractive to 

every one of the individuals who adored vivid things.  

Table 3.Properties of ZrO2 

  

Properties Value 

Bending strength 900–1200MPa 

Density 5.68g/cc 

Poisson’s ratio 0.32 

Compressive strength 2000 MPa 

Thermal conductivity 2 WmK–1 

Zirconium dioxide isn't self-inflammable as nanometer-sized powder. Likewise as a blend with air 

(clean) affected by a start source, it isn't inflammable, so there is no plausibility of a tidy blast. 

The property of zirconium dioxide is shown in Table 3. 

II. LITERATURE SURVEY 

AzarGhafariet al[1] has experimentally analysed Al7075 Aluminium alloy with the zirconia 

coating doped with benzotriazole and cerium nitrate inhibitors. In order to evaluate the effect of 

inhibitor on the corrosion resistance, the different type of zirconia coatings were studied. 

Furthermore, the corrosion behavior of coating was investigated by electrochemical impedance 

spectroscopy (EIS) and polarization test. Finally the results showed that the homogeneous, 

uniformity and nanostructured of the zirconia coating was formed. Additionally, the zirconia 

coatings doped with BTA (4-layers contained inhibitor) showed the better corrosion resistant than 

the composite coating of (2-layer contained inhibitor) and the zirconia coatings (4 layers without 

benzotriazole). Finally, the analytic hierarchy process (AHP) and Technique of Order Preference 

Similarity to the Ideal Solution (TOPSIS) methods, depend on the criteria of type coating, 

inhibitor type and inhibitor concentration were selected. The evaluation of results showed that the 

zirconia coating doped with BTA (4-layers contained inhibitor) was the best sample.P.Anitha et 

al[2], has experimentally analysed the dry sliding wear performance of Alumina-Al2O3 and 

graphite-Gr particles reinforced with Al7075 (aluminum alloy 7075) hybrid metal matrix 

composites is studied by means of a pin-on-disc tribometer. Ceramic particles Al2O3 along with 

solid lubricant Gr are incorporated into Al7075 matrix to accomplish improvement in the wear 

properties such as wear and coefficient of friction. The influence of various parameters such as 
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Al2O3 (0 and 3 wt.%), Gr (2, 4 and 6 wt.%), applied load (10, 20 and 30N) and sliding distance 

(1000, 1500 and 2000m) is evaluated on dry sliding wear performance of these hybrid composites 

namely, wear and coefficient of friction. The wear tests are designed according to Taguchi’s L18 

orthogonal array (21 x 33) to observe the wear performance of these composites during dry 

sliding wear tests. R.Deaquino-Lara et al[3] has improved the strength and low wear rate by 

fabricated Al7075–graphite composites. Effects of milling time (0–10 h) and graphite 

concentration (0–1.5 wt.%) on friction, hardness and wear resistance of the AMC were 

investigated. Wear resistance was determined by the pin-on-disk wear method using 20 and 40 N 

normal loads at a 0.367 m/s sliding velocity. Experimental results indicated considerable 

improvement in AMC hardness and wear resistance by adding 1.5% G (wt.) and 10 h of milling, 

showing homogenous distribution of the reinforcement particles in the Al-base metal-matrix 

composite. It was found that abrasion is the dominant wear mechanism in all extruded 

composites, whilst a combination of adhesion and delamination seems to be the governing 

mechanism for the 7075 aluminum alloy.R.Hashemi et al[4]has aimed to improve the wear 

resistance, a surface composite employing with friction stir processing (FSP). The TiN particles 

of nano scale are mixed into Al7075-T651 substrate using 3 different tool geometries and varying 

the number of passes over 2 levels of severity. The most wear resistant composite is realized 

when the processing is carried out using the combination of threaded tool and four passes. 

Further, the wear resistance and friction coefficient of this composite is respectively found to be 

60% higher and 45% lower than the respective properties of parent metal. The finding reveals that 

the tribo growth, in addition to hardness, is also important factor affecting the wear resistance of 

Al/TiN composite.M.NagendraNaiket al[5] has worked in aluminium MMC to improve the 

properties such as high strength to weight ratio, good wear resistance etc. In his work an attempt 

has been made to synthesize metal matrix composite using 7075Al as matrix material reinforced 

with ceramic Al4C3 particulates using liquid metallurgy route in particular stir casting technique. 

The addition level of reinforcement is being varied from 2 - 10wt% in steps of 2wt%. Hardness 

and tensile strength of the prepared composite were determined before and after addition of Al4C3 

particulates to note the extent of improvement. Further, the hardness and tensile strength are 

higher in case of composites when compared to unreinforced 7075Al matrix, also increasing 

addition level of reinforcement has resulted in further increase in both hardness and tensile 

strength.K.SooryaPrakash et al[6] has influencedtherock dust size (10–30 µm) and mass fraction 

(5%–15%) on density, hardness and dry sliding wear behavior of Al 6061/rock dust composite 

processed through stir casting was investigated. Wear behavior of the developed composite was 

characterized at different loads, sliding velocities and distances using pin-on-disc setup. The 

experiments were conducted based on Taguchi's L27 orthogonal array and the influence of 

process parameters on wear rate was studied using ANOVA. The experimental results reveal that 

the applied load and reinforcement size are the major parameters influencing the specific wear 

rate for all samples, followed by mass fraction of reinforcement, sliding velocity and sliding 

distance at the level of 47.61%, 28.57%, 19.04%, 9.52% and 4.76%, respectively. 

M.A.Ezazietal[7] has categorized the Binary (Ti/TiN and Cr/CrN) and ternary (TiCr/TiCrN) thin 

films were deposited on AL7075-T6 by magnetron sputtering. Microhardness, adhesion strength 

and pin-on-plate wear tests were performed to investigate coating performance. Field emission 

scanning electron microscope integrated with focused ion beam milling and energy dispersive X-

ray spectroscopy was employed for microstructural and chemical characterizations. The tribo-

mechanical test results revealed that Cr/CrN promoted up to 5 times greater hardness, Ti/TiN 

showed the highest scratch resistance and up to 8 times reduced wear, while TiCr/TiCrN favored 

the least friction and surface roughness. Furthermore, the excellent tribological properties of 

coatings correlated with their superior adhesion to Al7075-T6. 
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III. Stir Casting Process 

In stir casting process, the reinforcing phases (usually in powder form) are distributed into molten 

aluminum by mechanical stirring. Prior to mechanical stirring, the surfaces of both must be 

properly cleaned in order to minimize the reaction between these two. Introducing reinforcement 

particles to the stirred molten matrix sometimes will entrap not only the particles but also other 

impurities such as metal oxide and slag, which is formed on the surface of the melt. During 

pouring, air envelope may form between particles, which can alter the interface properties 

between particles and the melt and also retarding the wet ability between them. A major concern 

associated with the stir casting process is the segregation of reinforcing particles which is caused 

by the surfacing or settling of reinforcement particles during melting and casting process. To 

prevent settling of particles a motor driven agitator is used. Aluminum silicon carbide metal 

matrix composite will reach a state called mushy state before solidification. Once the mushy state 

is reached the reinforcement particles remain in its position during solidification. The stir casting 

process is shown in Fig.3.  

 
Fig. 3 Stir casting process 

(a) Stir casting setup (b) Stirring rod 

(c) Mixing of Al &ZrO2 (d) Waste material removal 

The final distribution of the particles in the solid depends on material properties and process 

parameters such as the wetting condition of the particles with the melt, strength of mixing, 

relative density, and rate of solidification. The distribution of the particles in the molten matrix 

also depends on the geometry of the mechanical stirrer, stirring parameters, placement of the 

mechanical stirrer in the melt, melting temperature, and the characteristics of the particles added. 

To create and maintain a good distribution of the reinforcement material in molten matrix a vortex 

method is used. In this method, after the matrix material is melted, it is stirred vigorously to form 

a vortex at the surface of the melt, and the reinforcement material is then introduced at the side of 

the vortex. The stirring is continued for a few minutes before the slurry is cast. An interesting 

recent development in stir casting is a two-step mixing process. In this process, the matrix 

material is first heated above its liquidus temperature. Then it is cooled down to a temperature 

between the liquidus and solidus points and kept in a semi-solid state. At this stage, the preheated 

reinforcement particles are added and mixed. The slurry is again heated to liquid state and mixed 

thoroughly. The results indicate that the two-step mixing process is quite successful to obtain a 
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uniform dispersion of reinforcement in the matrix. An increasing trend for hardness and impact 

strength with increase in weight percentage of ZrO2 has been observed. 

IV. Wear Testing 

At initially, stick surface be prepared level with the end goal that it will hold up the heap over its 

whole cross-area called first stage. This was accomplished by the surfaces of the stick test ground 

utilizing emery paper (80 coarseness estimate) before testing. Run-in-wear was perform in the 

following stage/second stage. This stage maintains a strategic distance from first mistook period 

connected for erosion and wear bends. Final stage/third stage is the real attempting called 

consistent unfaltering state wear. This stage is the enthusiastic rivalry flanked by material 

exchange forms (exchange of material from stick onto the circle and development of wear flotsam 

and jetsam and their resulting evacuation).  

 
Fig. 4 Pin on disc setup 

 

Prior to the test, both the stick and circle were cleaned with ethanol soaked cotton. Before the 

beginning of each analysis; prudent advances were taken to ensure that the heap was useful 

ordinary way. Schematic perspective of Pin-on-Disk setup is appeared in Fig.4 

 

 

V. RESULT AND DISCUSSION 

Thepresent work describes the fabrication of MMC using stir casting process with Al7075 as the 

base metal and ZrO2as reinforcements. The wear behaviour of Al-ZrO2 MMCs for constant speed 

and by varying loads was evaluated using a “pin on disk” apparatus. The results are shown in 

Table 4. 

Table 4. Wear test values 

Sample 

Percentage 
Side 

Speed  

(rpm) 

Load  

(Kg) 

Wear 

(micron) 

Frictional 

Force 

(Newton) 

COF 

2% 
Top 

400 

1 32 9.4 0.96 

Bottom 2 106 7.8 0.40 

3% 
Top 1 128 7.7 0.78 

Bottom 2 260 7.8 0.40 

4% 
Top 1 155 7.1 0.72 

Bottom 2 270 7.8 0.40 

5% Top 1 25 12.3 1.25 
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Bottom 2 90 10.5 0.54 

 

The samples which were prepared by stir casting process were machined with ASTM standard 

size and the sample of 2%, 3%, 4% and 5% were analysed with top and bottom and the speed 

given in pin on disc is constant. The load given in the test rig is varying between 1 to 2kg, the top 

surface was tested with 1kg of load and the bottom surface was tested with 2kg of load. In Fig.5 it 

has been clearly shows that the wear rate is increased in 3% and 4% composition, in 2% and 5% 

the wear rate is decreased both in top and bottom. This shows that the percentage of zirconium 

dioxide has not evenly mixed while doing stir casting process, so that the wear rate is increased in 

3% and 4%. 

 

Fig. 5Wear rate vs Percentage composition 

Composition of 2% and 5% the wear rate is good compared with other composition. In 5% 

composition the wear rate is too good this shows the reinforced material was bonded well with 

base metal. The coefficient of friction is good in 5% top surface, this indicates that higher value of 

COF shows good in friction for hardened material like brake pad application. 
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Fig. 6Frictional force vs percentage composition 

 

Fig. 7Coefficient of Friction vs percentage composition 

VI. Conclusion 

The aluminium reinforced with zirconium dioxide has been fabricated and tested 

experimentally to find the wear characterization as per ASTM standards. The results were plotted 

and evaluated to understand the improvement in the mechanical properties due to the changes 

made in zirconium ratio in four different percentages. Aluminium strength was increased in the 

matrix. The strength of the aluminium depends on the bonding between the aluminium and 

zirconium dioxide.The bonding is good in 5% composition of ZrO2 with 95% of Al7075 having   
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a better wear rate compared to the other compositions. It can be used for relevant applications like 

brake pad. 
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