
Article PDF Available

SURFACE PATINA AND CLAY CHARACTERIZATION: MULTI-ANALYTICAL INVESTIGATIONS INTO BIDRI HANDICRAFT

December 2023 · International Journal of Conservation Science 14(4):1433-1442

December 2023 · 14(4):1433-1442

DOI:10.36868/IJCS.2023.04.12

Authors:

Show all 6 authors

Abstract and Figures

Bidri handicraft in India, patronised by Bahamani kings, dates back to the fifteenth century
and is nowadays under operational and socio-economic threats. The craft is made of zinc
alloy, which poses scientific challenges in the areas of metallurgy, metal oxidation, and
surface science. In the present paper, the art, owing to its scientific enigma, is under
scrutiny, wherein the handicraft mandates the use of Bidar Fort (in Karnataka, India) clay,
which bestows the handicraft its characteristic matt-black patina. The fort is a heritage
conservation site and thus poses a threat to the perennial practice of handicraft. Therefore,
it is imperative to document the patina and fort clay. Thus, morphological and chemical
characterization of Bidri artefact surfaces was accomplished using scanning electron
microscopy (SEM), X-ray Diffraction (XRD) analysis, X-ray Photoelectron Spectroscopy
(XPS), and Energy Dispersive X-ray fluorescence spectroscopy (ED-XRF); besides,
elemental characterization of Bidar fort clay was accomplished using SEM coupled with
energy dispersive X-ray spectroscopy (EDS). This study is significant, as it is one of the
initial works to scientifically document Bidri handicraft surface and clay, besides laying the
foundation for future studies; a step to conserve the handicraft; and a step to prevent the
deterioration of the Bidar fort monument.
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Abstract  
 
Bidri handicraft in India, patronised by Bahamani kings, dates back to the fifteenth century 
and is nowadays under operational and socio-economic threats. The craft is made of zinc 
alloy, which poses scientific challenges in the areas of metallurgy, metal oxidation, and 
surface science. In the present paper, the art, owing to its scientific enigma, is under scrutiny, 
wherein the handicraft mandates the use of Bidar Fort (in Karnataka, India) clay, which 
bestows the handicraft its characteristic matt-black patina. The fort is a heritage conservation 
site and thus poses a threat to the perennial practice of handicraft. Therefore, it is imperative 
to document the patina and fort clay. Thus, morphological and chemical characterization of 
Bidri artefact surfaces was accomplished using scanning electron microscopy (SEM), X-ray 
Diffraction (XRD) analysis, X-ray Photoelectron Spectroscopy (XPS), and Energy Dispersive 
X-ray fluorescence spectroscopy (ED-XRF); besides, elemental characterization of Bidar fort 
clay was accomplished using SEM coupled with energy dispersive X-ray spectroscopy (EDS). 
This study is significant, as it is one of the initial works to scientifically document Bidri 
handicraft surface and clay, besides laying the foundation for future studies; a step to 
conserve the handicraft; and a step to prevent the deterioration of the Bidar fort monument. 
 
Keywords: Surface patina; Clay characterization; Bidri Handicraft; Bidar fort; Zinc-copper 

alloy; Clay oxidative properties 
 

 

Introduction  

 
India  one of the ancient seats of practicing metal-art [1], and one such ancient is

metalcraft has been the handicraft [2] The availability of metal mines, foundries, and Bidri . 

dexterity with metallurgical knowledge was one of the primary reasons for metalcrafts to 

flourish in the country. This dexterity with metal encouraged craftsmen of the times to cater to 
the royalty by producing artefacts of aesthetic utility, like the ornament huqqas (hubble-bubble), 
boxes, pitchers, figurines, and other articles [3]. India is attributed to be the birthplace of zinc 
metal dating back to the 5  century BCE, supported by the excavations found in Lothal and th

Atranjikhera, in the Indian states of Gujarat and Uttar Pradesh , 5]. Another narrative that [4

supports this claim is the presence of mining ores in Rajasthan, right from the Bronze age, i.e., 
from the mid-fourth millennium BCE [6, 7] Further, as bronze is a copper alloy with zinc (and . 
tin), it is obvious that zinc ores must have been prevalent before the bronze age. 

 
*  Corresponding author: rollakpriya@gmail.com, meet_abhijeet@gmail.com and bhaskarsathe@gmail.com 

6/16/24, 11:16 AM (PDF) SURFACE PATINA AND CLAY CHARACTERIZATION: MULTI-ANALYTICAL INVESTIGATIONS INTO BIDRI HANDIC…

https://www.researchgate.net/publication/377960788_SURFACE_PATINA_AND_CLAY_CHARACTERIZATION_MULTI-ANALYTICAL_INVESTIG… 2/7

https://www.researchgate.net/profile/Krishna-Rolla


6/16/24, 11:16 AM (PDF) SURFACE PATINA AND CLAY CHARACTERIZATION: MULTI-ANALYTICAL INVESTIGATIONS INTO BIDRI HANDIC…

https://www.researchgate.net/publication/377960788_SURFACE_PATINA_AND_CLAY_CHARACTERIZATION_MULTI-ANALYTICAL_INVESTIG… 3/7



The technical examination of bidri ware

Article Full-text available

Aug 1987
Susan La Niece · G. Martin

Impact of variable pH on the stability and aggregate kinetics of Bidri handicraft surface patina

Article

Citations (0) References (23)

View Show abstract

6/16/24, 11:16 AM (PDF) SURFACE PATINA AND CLAY CHARACTERIZATION: MULTI-ANALYTICAL INVESTIGATIONS INTO BIDRI HANDIC…

https://www.researchgate.net/publication/377960788_SURFACE_PATINA_AND_CLAY_CHARACTERIZATION_MULTI-ANALYTICAL_INVESTIG… 4/7

https://www.researchgate.net/publication/320044637_The_technical_examination_of_bidri_ware
https://www.researchgate.net/profile/Susan-Niece
https://www.researchgate.net/profile/Susan-Niece
https://www.researchgate.net/profile/Susan-Niece
https://www.researchgate.net/scientific-contributions/G-Martin-2133258792
https://www.researchgate.net/publication/366316343_Impact_of_variable_pH_on_the_stability_and_aggregate_kinetics_of_Bidri_handicraft_surface_patina
https://www.researchgate.net/publication/320044637_The_technical_examination_of_bidri_ware


Dec 2022 · INORG CHEM COMMUN

Balaji B. Mulik · Vijay sarjerao Sapner · Arbaj Khan · Bhaskar Sathe

Chapter 3 Ancient India

Chapter

Oct 2012
Steven Muhlberger

The History of Zinc and its Use in Pre-Modern India

Article

Mar 2020
Ishrat Alam

Corrosion Resistance of Zinc and Zinc Alloys

Book

Jun 1994
Frank C. Porter

Bidri ware of India

Chapter

Dec 1993
Susan Stronge

Corrosion resistance of zinc and zinc alloys

Article

Jan 1994
F.C. Porter

Hsmn-Km, Corinthian bronze, Shakudo: black patinated bronze in the ancient world

Chapter

Dec 1993
Paul Craddock · Alessandra Giumlia-Mair

Japanese irogane alloys and patination – a study of production and application

Article

O ' Dubhghaill

Enigmas of bidri

Article

Oct 2005
P.T. Craddock

View Show abstract

View

View Show abstract

View

View Show abstract

View

View Show abstract

View

View Show abstract

Show more

6/16/24, 11:16 AM (PDF) SURFACE PATINA AND CLAY CHARACTERIZATION: MULTI-ANALYTICAL INVESTIGATIONS INTO BIDRI HANDIC…

https://www.researchgate.net/publication/377960788_SURFACE_PATINA_AND_CLAY_CHARACTERIZATION_MULTI-ANALYTICAL_INVESTIG… 5/7

https://www.researchgate.net/scientific-contributions/Balaji-B-Mulik-2117763575
https://www.researchgate.net/profile/Vijay-Sapner
https://www.researchgate.net/profile/Vijay-Sapner
https://www.researchgate.net/profile/Vijay-Sapner
https://www.researchgate.net/profile/Arbaj-Khan
https://www.researchgate.net/profile/Arbaj-Khan
https://www.researchgate.net/profile/Arbaj-Khan
https://www.researchgate.net/profile/Bhaskar-Sathe-2
https://www.researchgate.net/profile/Bhaskar-Sathe-2
https://www.researchgate.net/profile/Bhaskar-Sathe-2
https://www.researchgate.net/publication/359027729_Chapter_3_Ancient_India
https://www.researchgate.net/scientific-contributions/Steven-Muhlberger-2216239345
https://www.researchgate.net/publication/339977400_The_History_of_Zinc_and_its_Use_in_Pre-Modern_India
https://www.researchgate.net/profile/Ishrat-Alam
https://www.researchgate.net/profile/Ishrat-Alam
https://www.researchgate.net/profile/Ishrat-Alam
https://www.researchgate.net/publication/331268254_Corrosion_Resistance_of_Zinc_and_Zinc_Alloys
https://www.researchgate.net/scientific-contributions/Frank-C-Porter-2153847636
https://www.researchgate.net/publication/300963260_Bidri_ware_of_India
https://www.researchgate.net/profile/Susan-Stronge
https://www.researchgate.net/profile/Susan-Stronge
https://www.researchgate.net/profile/Susan-Stronge
https://www.researchgate.net/publication/292335737_Corrosion_resistance_of_zinc_and_zinc_alloys
https://www.researchgate.net/scientific-contributions/FC-Porter-2096509599
https://www.researchgate.net/publication/283519643_Hsmn-Km_Corinthian_bronze_Shakudo_black_patinated_bronze_in_the_ancient_world
https://www.researchgate.net/scientific-contributions/Paul-Craddock-2084064624
https://www.researchgate.net/profile/Alessandra-Giumlia-Mair
https://www.researchgate.net/profile/Alessandra-Giumlia-Mair
https://www.researchgate.net/profile/Alessandra-Giumlia-Mair
https://www.researchgate.net/publication/267551764_Japanese_irogane_alloys_and_patination_-_a_study_of_production_and_application
https://www.researchgate.net/scientific-contributions/O-Dubhghaill-2057085635
https://www.researchgate.net/publication/233496219_Enigmas_of_bidri
https://www.researchgate.net/scientific-contributions/PT-Craddock-2035177556
https://www.researchgate.net/publication/366316343_Impact_of_variable_pH_on_the_stability_and_aggregate_kinetics_of_Bidri_handicraft_surface_patina
https://www.researchgate.net/publication/359027729_Chapter_3_Ancient_India
https://www.researchgate.net/publication/339977400_The_History_of_Zinc_and_its_Use_in_Pre-Modern_India
https://www.researchgate.net/publication/331268254_Corrosion_Resistance_of_Zinc_and_Zinc_Alloys
https://www.researchgate.net/publication/300963260_Bidri_ware_of_India
https://www.researchgate.net/publication/292335737_Corrosion_resistance_of_zinc_and_zinc_alloys
https://www.researchgate.net/publication/283519643_Hsmn-Km_Corinthian_bronze_Shakudo_black_patinated_bronze_in_the_ancient_world
https://www.researchgate.net/publication/267551764_Japanese_irogane_alloys_and_patination_-_a_study_of_production_and_application
https://www.researchgate.net/publication/233496219_Enigmas_of_bidri


Recommended publications Discover more

Last Updated: 14 Feb 2024

Article

Impact of variable pH on the stability and aggregate kinetics of Bidri handicraft surface patina

December 2022 · Inorganic Chemistry Communications

Balaji B. Mulik · Vijay sarjerao Sapner · Arbaj Khan · [...] · Bhaskar Sathe

Widespread use of zinc and copper for their anti-corrosive properties with their appearance and reactivity also usage of silver in a
variety of scientific and consumer applications intensifies the need to document their stability in varied aqueous environments. Thus
the current work records a series of experiments with variable pH (buffered), to determine the surface stability and robustness of ...
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Development of highly efficient oxygen evolution reaction (OER) electrocatalysts is a critical challenge in the cost-effective generation
of clean fuels. Here, a metal-free tyramine functionalized graphene oxide (T-GO) electrocatalyst is proposed to use in alkaline
electrolytes for enhanced OER. Moreover, the T-GO and GO nanomaterials are well characterized by SEM, XRD, FTIR, XPS and
Raman ... [Show full abstract]
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Vijay sarjerao Sapner · Bhaskar Sathe

Herein, metal free tyramine functionalized graphene oxide (T-GO) electrocatalyst is used for the electrochemical determination of
ascorbic acid (AA) and organic pollutants specially substituted phenolic compounds i.e. p-nitrophenol (p-NP) in 1 M phosphate buffer
solution at pH-7 as a model species. Cyclic voltammetric investigation towards AA and p-NP is having significant role in biosensing
and ... [Show full abstract]
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Balaji B. Mulik · Bhaskar Sathe · Shivsharan M. Mali · [...] · Shankar Narwade

Herein, cerium/ceriumoxide nanoparticles have been decorated on reduced graphene oxide (Ce/CeO 2 -rGO) for room temperature
electrochemical determination of H 2 S in 0.5 M KOH electrolyte. There is a superior linear correlation between the peak current
density and H 2 S content in the tested range of 1–5 ppm. Moreover, compare to other abundant gases shows no response such as
CO 2 at the ... [Show full abstract]

View full-text

6/16/24, 11:16 AM (PDF) SURFACE PATINA AND CLAY CHARACTERIZATION: MULTI-ANALYTICAL INVESTIGATIONS INTO BIDRI HANDIC…

https://www.researchgate.net/publication/377960788_SURFACE_PATINA_AND_CLAY_CHARACTERIZATION_MULTI-ANALYTICAL_INVESTIG… 6/7

https://www.researchgate.net/search
https://www.researchgate.net/go.GetApp.html?interested=true&originCh=footerLoggedOut
https://www.researchgate.net/go.GetApp.html?interested=true&originCh=footerLoggedOut
https://www.researchgate.net/deref/https%3A%2F%2Fplay.google.com%2Fstore%2Fapps%2Fdetails%3Fid%3Dnet.researchgate.shellapp%26utm_source%3DoriginCH%253Dfooter%26pcampaignid%3DpcampaignidMKT-Other-global-all-co-prtnr-py-PartBadge-Mar2515-1
https://www.researchgate.net/deref/https%3A%2F%2Fplay.google.com%2Fstore%2Fapps%2Fdetails%3Fid%3Dnet.researchgate.shellapp%26utm_source%3DoriginCH%253Dfooter%26pcampaignid%3DpcampaignidMKT-Other-global-all-co-prtnr-py-PartBadge-Mar2515-1
https://www.researchgate.net/publication/366316343_Impact_of_variable_pH_on_the_stability_and_aggregate_kinetics_of_Bidri_handicraft_surface_patina
https://www.researchgate.net/scientific-contributions/Balaji-B-Mulik-2117763575
https://www.researchgate.net/profile/Vijay-Sapner
https://www.researchgate.net/profile/Arbaj-Khan
https://www.researchgate.net/profile/Bhaskar-Sathe-2
https://www.researchgate.net/publication/366316343_Impact_of_variable_pH_on_the_stability_and_aggregate_kinetics_of_Bidri_handicraft_surface_patina
https://www.researchgate.net/publication/331278629_Enhanced_oxygen_evolution_reaction_on_amine_functionalized_graphene_oxide_in_alkaline_medium
https://www.researchgate.net/profile/Vijay-Sapner
https://www.researchgate.net/scientific-contributions/Balaji-B-Mulik-2117763575
https://www.researchgate.net/profile/Bhaskar-Sathe-2
https://www.researchgate.net/profile/Renuka-Digraskar
https://www.researchgate.net/publication/331278629_Enhanced_oxygen_evolution_reaction_on_amine_functionalized_graphene_oxide_in_alkaline_medium
https://www.researchgate.net/publication/348962362_Metal_Free_Graphene_based_Nanoelectrodes_for_Electrochemical_Determination_of_Ascorbic_Acid_AA_and_p-Nitrophenol_p-NP_Implication_towards_Biosensing_and_Environmental_Monitoring
https://www.researchgate.net/profile/Vijay-Sapner
https://www.researchgate.net/profile/Bhaskar-Sathe-2
https://www.researchgate.net/publication/348962362_Metal_Free_Graphene_based_Nanoelectrodes_for_Electrochemical_Determination_of_Ascorbic_Acid_AA_and_p-Nitrophenol_p-NP_Implication_towards_Biosensing_and_Environmental_Monitoring
https://www.researchgate.net/publication/369517692_Nanostructured_CeCeO2-rGO_Highly_Sensitive_and_Selective_Electrochemical_Hydrogen_Sulphide_Sensor
https://www.researchgate.net/scientific-contributions/Balaji-B-Mulik-2117763575
https://www.researchgate.net/profile/Bhaskar-Sathe-2
https://www.researchgate.net/profile/Shivsharan-Mali
https://www.researchgate.net/profile/Shankar-Narwade
https://www.researchgate.net/publication/369517692_Nanostructured_CeCeO2-rGO_Highly_Sensitive_and_Selective_Electrochemical_Hydrogen_Sulphide_Sensor


Company

About us
News
Careers

Support

Help Center

Business solutions

Advertising
Recruiting

© 2008-2024 ResearchGate GmbH. All rights reserved. Terms · Privacy · Copyright · Imprint · Consent preferences

6/16/24, 11:16 AM (PDF) SURFACE PATINA AND CLAY CHARACTERIZATION: MULTI-ANALYTICAL INVESTIGATIONS INTO BIDRI HANDIC…

https://www.researchgate.net/publication/377960788_SURFACE_PATINA_AND_CLAY_CHARACTERIZATION_MULTI-ANALYTICAL_INVESTIG… 7/7

https://www.researchgate.net/about
https://www.researchgate.net/blog
https://www.researchgate.net/careers
https://explore.researchgate.net/?utm_source=researchgate&utm_medium=community-loggedout&utm_campaign=new-footer&utm_content=helpcenter
https://www.researchgate.net/marketing-solutions?utm_source=researchgate&utm_medium=community-loggedout&utm_campaign=new-footer&utm_content=advertising
https://www.researchgate.net/scientific-recruitment?utm_source=researchgate&utm_medium=community-loggedout&utm_campaign=new-footer&utm_content=recruiting
https://www.researchgate.net/terms-of-service
https://www.researchgate.net/privacy-policy
https://www.researchgate.net/ip-policy
https://www.researchgate.net/imprint
javascript:Didomi.preferences.show()

