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SOROTAN 

YUNIAR DUWI SUSANTI. Karakteristik Tekstil Fungsional Berpewarna Alami 

Ekstrak Kayu Secang – Indigo dengan Pelapisan N-Doped Carbon Dots Wax. 

Dibimbing oleh DEDED SARIP NAWAWI, YANICO HADI PRAYOGO, dan 

MAYA ISMAYATI. 

1. Pewarnaan alami kain katun dengan kombinasi ekstrak kayu secang dan indigo. 

2. N-doped carbon dots dan candellia wax digunakan sebagai pelapis penambah 

sifat antimikroba dan hidrofobik kain. 

3. Rasio pencelupan indigo dan ekstrak secang 1:9 menghasilkan warna abu 

keungu-unguan. 

4. N-doped carbon dots berhasil disintesis dengan karakteristik ukuran 10-13 nm, 

kaya gugus fungsi, dan memiliki dominasi amorf. 

5. Tekstil fungsional menunjukkan aktivitas antibakteri dan sifat hidrofobik yang 

baik. 

 

HIGHLIGHTS 

YUNIAR DUWI SUSANTI. Characteristics of Functional Textiles Dyed with 

Natural Secang Wood Extract – Indigo and Coated with N-Doped Carbon Dots Wax. 

Supervised by DEDED SARIP NAWAWI, YANICO HADI PRAYOGO, and 

MAYA ISMAYATI.  

1. Natural dyeing of cotton fabric using a combination of secang wood and indigo 

extracts. 

2. N-doped carbon dots and candelilla wax were used as coatings to enhance 

antimicrobial and hydrophobic properties. 

3. An indigo to secang ratio of 1:9 produced a grayish purple color. 

4. N-doped carbon dots were successfully synthesized, with a size of 10–13 nm, 

abundant functional groups, and predominantly amorphous structure. 

5. The functional textile exhibited good antibacterial activity and hydrophobic 

properties. 
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RINGKASAN 

YUNIAR DUWI SUSANTI. Karakteristik Tekstil Fungsional Berpewarna Alami 

Ekstrak Kayu Secang – Indigo dengan Pelapisan N-Doped Carbon Dots Wax. 

Dibimbing oleh DEDED SARIP NAWAWI, YANICO HADI PRAYOGO, dan 

MAYA ISMAYATI. 

 

Inovasi dalam bidang pewarna alami dan lapisan tekstil fungsional 

menunjukkan potensi yang besar. Tekstil fungsional berkaitan dengan penggunaan 

pewarna untuk estetika. Kayu secang (Caesalpinia sappan L.) mengandung 

brazilein yang menghasilkan warna merah, sedangkan daun nila (Indigofera 

tinctoria L.) mengandung indikan menghasilkan warna biru. Kombinasi antara zat 

warna alami secang dan indigo dapat menghasilkan warna ungu. Pewarna alami  

memiliki sifat antimikroba, antioksidan, dan perlindungan terhadap UV sehingga 

dapat meningkatkan nilai guna kain. Selain itu, tuntutan tekstil fungsional 

mendorong inovasi teknologi pelapisan permukaan kain dengan carbon dots. 

Carbon dots dengan doping nitrogen (N-CDs) yang disintetis kemudian 

kombinasikan menggunakan candellia wax untuk menambahkan sifat hidrofobik 

yang dapat diaplikasikan menjadi wrapped makanan. Penelitian ini bertujuan untuk 

menerapkan pewarna alami yang berasal dari kayu secang dan daun nila yang 

dikombinasikan dengan lapisan N-CDs serta candellia wax untuk menghasilkan 

kain fungsional. Penelitian ini dilakukan dengan beberapa tahap yaitu persiapan 

bahan baku, ekstraksi kayu secang dan daun nila, aplikasi tawas dan pewarna, 

pembuatan N-CDs, pelapisan N-CDs dan candellia wax, uji karakterisasi, serta 

analisis data.  

Hasil penelitian menunjukkan keberhasilan penyerapan pewarna ungu 

dengan ketahanan warna yang baik. N-CDs berhasil disintesis dengan ukuran 10–

13 nm. Hasil spektroskopi transformasi fourier inframerah dan difraksi sinar-X 

menunjukkan adanya situs karbon dalam N-CDs serta kelimpahan gugus 

fungsional. N-CDs berhasil disintesis dengan keberadaan gugus fungsi –NH dan C–

N mengonfirmasi keberhasilan doping nitrogen menggunakan amonium, 

sedangkan keberadaan gugus hidroksil dan domain karbon aromatik berperan 

dalam meningkatkan aktivitas antioksidan, sifat hidrofilik, dan karakteristik optik 

N-CDs. Difraktogram N-CDs menunjukkan dominasi fase amorf 65,5%. Proses 

pewarnaan, pelapisan dengan N-CDs, dan perlakuan hidrofobik menghasilkan 

sudut kontak sebesar 114,8°. Sampel kain hasil pewarnaan yang dilapisi N-CDs 

memiliki nilai tertinggi pada elastisitas, kekuatan tarik, dan kekuatan maksimum. 

Selain itu, pelapisan kain yang telah diwarnai dengan N-CDs dan candellia wax 

untuk menjadi kain fungsional menghasilkan aktivitas antibakteri terbaik terhadap 

Staphylococcus aureus dan Escherichia coli.  

 

Kata kunci: antibakteri, hidrofobik, N-CDs, pewarna alami  

 

 

 

 

  



SUMMARY 

YUNIAR DUWI SUSANTI. Characteristics of Functional Textiles Dyed with 

Natural Secang Wood Extract – Indigo and Coated with N-Doped Carbon Dots Wax.  

Supervised by DEDED SARIP NAWAWI, YANICO HADI PRAYOGO, and 

MAYA ISMAYATI.  

 
Innovation in the field of natural dyes and functional textile coatings shows 

great potential. Functional textiles are associated with the use of dyes to provide 

aesthetic value. Secang wood (Caesalpinia sappan L.) contains brazilein, which 

produces a red color, while indigo leaves (Indigofera tinctoria L.) contain indican, 

which produces a blue color. The combination of natural secang wood and indigo 

dyes can produce a purple color. Natural dyes possess antimicrobial, antioxidant, 

and UV-protective properties, which can enhance the functional value of textiles. 

In addition, the growing demand for functional textiles has encouraged innovations 

in surface coating technologies using carbon dots. Nitrogen doped carbon dots (N-

CDs) were synthesized and subsequently combined with candelilla wax to impart 

hydrophobic properties to the fabric, with potential applications in food wrapping. 

This study aimed to apply natural dyes derived from secang wood and indigo leaves 

in combination with an N-CDs and candelilla wax coating to produce functional 

textiles. The study was conducted through several stages, including raw material 

preparation, extraction of secang wood and indigo leaves, alum mordanting and 

dyeing, N-CDs synthesis, N-CDs and candelilla wax coating, characterization, and 

data analysis. 
The results showed successful uptake of the purple dye with good color fastness. 

N-CDs were successfully synthesized with particle sizes ranging from 10–13 nm. 

Fourier transform infrared spectroscopy (FTIR) and X-ray diffraction (XRD) analyses 

indicated the presence of carbon sites and abundant functional groups in the N-CDs. 

The N-CDs exhibited –NH and C–N functional groups, supporting the successful 

incorporation of nitrogen using ammonium as the nitrogen source. Meanwhile, the 

presence of hydroxyl groups and aromatic carbon domains contributed to the 

antioxidant activity, hydrophilic properties, and optical characteristics of the N-CDs. 

The XRD diffractogram showed that the N-CDs were predominantly amorphous, with 

an amorphous phase of 65,5%. The dyeing process, N-CDs coating, and hydrophobic 

treatment resulted in a water contact angle of 114,8°. The dyed fabric coated with N-

CDs exhibited the highest values for elasticity, tensile strength, and maximum strength. 

Furthermore, coating the dyed fabric with N-CDs and candelilla wax to produce 

functional textiles resulted in the highest antibacterial activity against Staphylococcus 

aureus and Escherichia coli. 

 

Keywords: antibacterial, hydrophobic, natural dyes, N-CDs  
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