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Abstract

Around the world, digital technology has proven highly effective and has received attention in
documentation, monitoring, and reconstruction as a tool for the restoration and preservation of cultural
heritage and as a low-risk method for dealing with the problems in this field. Accordingly, the present
study aims to investigate the process of applying rapid prototyping technology, including three-
dimensional (3D) scanning and 3D printing, for the reconstruction of missing parts of ceramic artifacts,
while examining the advantages and disadvantages of this technology. For this purpose, a glazed
ceramic artifact from the Islamic period, excavated during the archaeological investigations of the
Tabriz Grand Bazaar, was selected as the case study for conducting historical, comparative, and
condition assessment analyses, as well as 3D reconstruction. Historical studies, based on the motifs,
colors of the decorations, and the excavation site, indicate that the pottery dates to the Middle Islamic
Period. The results of technological studies, based on classical chemical tests conducted to determine
the oxides of the color-forming elements of the glaze, indicate the presence of iron oxide in the pottery
glaze. Also, serious damage to the pottery, such as loss of structural integrity, lack of strength of the
pottery structure, and improper joints resulting from previous conservation during the excavation, were
identified. Therefore, in accordance with conservation principles, the previous joins were dismantled,
and the initial conservation procedures, including cleaning, consolidation, and reassembly, were
carried out. Then, in order to reconstruct the missing parts of the artifact (46%, as calculated by
software), three-dimensional images of the sample surface and its missing surfaces were initially
prepared with the help of a 3D scanner. In the next step, these 3D images were converted into usable
data in a 3D printer by software, and then the missing parts were fabricated by a 3D printer, and the
printed parts were fitted to the missing parts of the pottery body, and color matching was performed.
In other words, the results of this study showed that the application of this new method leads to a better
perception of the form of historical artifacts while providing a safe and non-contact approach to their
conservation.
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Introduction

The conservation of historical ceramics,
especially glazed wares, presents considerable
challenges in reconstructing damaged or
missing parts. Traditional methods such as
plaster molding and casting are often time-
consuming, imprecise, and may expose fragile
surfaces to physical contact. These limitations
create a knowledge gap in Iranian conservation
practice regarding safe, accurate, and
reversible reconstruction methods. This
research focuses on a specific blue-and-white
pottery fragment excavated in 2018 from the
Tabriz Bazaar (Locus 2011, Layer 2, depth 10—
12 m). The piece features a white glaze with
blue, green, and brown underglaze decorations,
characteristic of late  Timurid-Safavid
traditions. However, it suffers from cracks,
fractures, and extensive missing sections,
along with previous improper restorations
during excavation. The study addresses two
main questions: First, what is the process of
applying 3D scanning and  printing
technologies to reconstruct missing parts of
glazed pottery, and how does it align with
conservation principles? Second, given the
colored glaze and decorations, how should
color reintegration be approached—minimal
intervention or full visual recreation? By
answering these, the research aims to provide
an operational model for low-risk, precise
digital reconstruction that respects both
structural integrity and aesthetic authenticity.

Materials and Methods

The study followed a structured conservation
workflow. Initial documentation included
descriptive (textual and metric), graphical
(sectional drawings), and photographic
records. A Dino-Lite AMA413T digital
microscope (58x) was used to examine glaze
cracks and structural weaknesses. For 3D
documentation, a Rexcan CS structured-light
scanner (accuracy 0.01 mm) was employed. To
reduce glaze reflectivity, the surface was
lightly dusted with titanium dioxide powder
and industrial target points were applied.
Scanning was performed using EZScan
software, generating an STL point cloud. The
point cloud was denoised and converted to a
mesh surface using Geomagic Design X, then
transformed into a solid 3D model in
SolidWorks 2020. Due to the asymmetric
shape of the sherd, the revolved boss/base
command failed; instead, ten horizontal

sections were lofted to create inner and outer
surfaces. Missing parts (46% of total volume)
were virtually extracted via the cavity
command. For printing, a Prusa i3 FDM printer
(0.4 mm nozzle) with PLA+ filament was
chosen for its flowability, low shrinkage, and
post-processing capability. Print settings: 0.05
mm precision, 150-micron layers, 40 mm/s
speed, vertical orientation, and 30% infill.
Physical reconstruction involved: (1) initial
consolidation with 5% Paraloid B-72 in
acetone, (2) removal of previous inappropriate
repairs using acetone, (3) surface cleaning with
water and alcohol, (4) final rejoining of
original fragments with 30% Paraloid B-72, (5)
attaching printed parts (sized 2% smaller to
allow adhesive space) with the same adhesive,
and (6) color reintegration using a white-chalk
base and acrylic paint applied with fine
brushes, extending original patterns at lower
tonal intensity to ensure distinguishability.

Discussion and Findings

The digital documentation revealed that the
piece had seven original fragments, a diameter
of 34 cm, a base diameter 10.2 cm, a weight
670 g, and wall thicknesses ranging from 0.6 to
0.9 mm. Chemical tests indicated iron oxide in
the glaze. Virtual reconstruction successfully
generated missing sections that fit the fracture
edges with high precision (a deviation of less
than 0.1 mm). The 3D-printed PLA+ parts
were rigid yet lightweight, and their semi-
translucency approximated the ceramic body.
The decision to print at 0.05 mm resolution
minimized the need for sanding, reducing
mechanical stress on the original sherd.
Adhesion with 30% Paraloid B-72 proved
reversible and strong. Color reintegration
adopted a full visual recreation approach (tonal
harmonization) because the original decorative
scheme was well-documented from existing
motifs. However, the new paint was applied
with lower color intensity and thinner
brushstrokes, ensuring distinguishability upon
close inspection. Compared to traditional
plaster casting, the digital method eliminated
direct contact with the glaze, reduced
reconstruction time by an estimated 40%, and
allowed multiple digital trial fittings before
final printing. The main limitation was the
monochrome nature of FDM printing,
necessitating a separate color toning phase.
Nevertheless, the process fully respected
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reversibility, minimal intervention (no physical
molding), and legibility (tonal difference). The
figure references in the original paper (Figs. 1—
14) visually confirm the stepwise success: from
initial damage (Fig. 1), through 3D scanning
(Fig. 3), virtual reconstruction (Fig. 4, 10-12),
printing (Fig. 6), final joining (Fig. 13), and
color toning (Fig. 14).

Conclusions

This research demonstrates that 3D scanning
and printing technologies offer a highly
effective, minimally invasive, and ethically
sound method for reconstructing missing parts
of historical glazed pottery. The process aligns
well with core conservation principles:
reversibility (through the use of Paraloid B-
72), minimal intervention (no direct-contact
molding), distinguishability (achieved via
tonal differences in color reintegration), and
legibility  (visual completeness  without
forgery). Regarding the first research question,
the digital workflow—from scanning to
superior  dimensional
accuracy and allows iterative virtual
corrections before physical intervention.
Regarding the second question, while current
3D printers cannot directly reproduce
polychrome glazes, a controlled post-printing
color reintegration that respects

distinguishability is both necessary and
acceptable. The study confirms that digital
reconstruction is particularly beneficial for
glazed wares with complex surfaces and
extensive losses, where traditional molding
would risk further damage. Future work should
explore multi-material printing and the
integration of digital color documentation.
This approach can serve as a replicable model
for other ceramic conservation projects in Iran
and beyond, bridging the gap between modern
technology and traditional conservation ethics.
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