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ABSTRACT

Bacteria’s and other hazardous substances are produced onto the surgical gowns during various
surgical operations. These undesirable substances cause problems for the medical staff and the
patients as well. For avoiding the production of bacteria’s and avoid the absorption of liquid con-
taminations, the surgical gown fabric is given both the antibacterial and fluid repellent treatment.
Pure cotton fabric is being used due to its properties of high absorbency, high tensile strength,
comfort-ability and durability. Three finishes are applied by pad dry-cure method in different
concentrations onto the pure cotton fabric which are; antibacterial RUCO-BAC (MED), fluid
repellent RUCO-GUARD AFR and Chitosan for achieving the properties of antibacterial, fluid
repellency, high strength, comfort-ability and durability. The antimicrobial activity, fluid repel-
lency, air permeability, tensile strength and MVVTR (moisture vapor transmission rate) of the
treated cotton fabric have been evaluated. The finished fabric shows the adequate tensile

strength, fluid repellency, air permeability and antibacterial activity.

Keywords: surgical gown, chitosan, cotton, RUCO-BAC MED, RUCO-GUARD AFR, pad dry-

cure method, antibacterial, fluid repellent

Development of eco-friendly surgical gown fabric v



TABLE OF CONTENTS

ACKNOWLEDGEMENT ..ceuiiiitcciiissirrrssss s srsss s s snsssesssssssnsssesssssssnsssesnsssssnsssesnssssnnsssenes ii
90 I N I [ PP iii
Statement of SUDMISSION .....oiiiiiie e iv
N 0151 =T v
TABLE OF CONTENTS ..ottt irrecirssssrrsssssssssserss s s snsssrrn s sssnsssesnssssnnsssesnssssnnsssennnnss Vi
LIST OF TABLES ..ottt et e s e e e s s s s s s sna s enn s enn s s nn s en e ennnannn viii
LIST OF FIGUERS ... et em s e s s s s s ee s s e e s e s s s s s snnnsennsenn s snnnsennsnnn X
Chapter LINTRODUCTION ....uiiiiiieieerieeeesreeses s eresssse e s s s sssnnssssssennnssssrenssssseesnnsnses 1
1.1, BaCKGrOUNG ... 2
1.2, INtrodUCHION.....cooiiii e Error! Bookmark not defined.
1.2.1. Textile materials Properties for medical application ...................... Error! Bookmark not defined.
1.2.7. . ADPHNICAIIONS ..ottt Error! Bookmark not defined.
1.22. SUIGICAI QOWNIS ...ttt Error! Bookmark not defined.
1.2.2. a. Types Of SUINQICal QOWNS.............ccccoeiuiiieiiiiieisiseese e Error! Bookmark not defined.
1.2.2. b. WOVEN SUIQiCal GOWNS...........cccouvviiiiiiiiiiieiseseisie s Error! Bookmark not defined.
1.2.2. ¢. NOn-woven SUrQical GOWNS ...........c.cccoouuoienaisieneinenee e Error! Bookmark not defined.
1.2.2. d. Fibers used for making surgical QOWNS...........c..cccccuvevercenesveaneanes Error! Bookmark not defined.
1.2.3. COMION ...ttt e Error! Bookmark not defined.
1.2.3. @. TYPES OF COUON ........cooeciseeiii sttt Error! Bookmark not defined.
1.2.3. b. Polymeric Structure Of COfON ..............cccocuvvieieieiiiensinneise s Error! Bookmark not defined.
1.2.3. C. Properties Of COMfON ...............ccoouoiiiiiiiiiiiiiiieict e Error! Bookmark not defined.
1.2.3. d. PhYSICAl PIrOPEITIES ...........ccooveiiieiiiiieiieisesse et Error! Bookmark not defined.
1.2.3. 6. CheMICAI PrOPEITIES ............cociveiiiiiiiiiiiiieieee e Error! Bookmark not defined.

Development of eco-friendly surgical gown fabric vi



1.2.3. f. Properties if cotfon according o Usage.................cccvueeonvnacnnnns Error! Bookmark not defined.

1.24. CRUEOSAN ... Error! Bookmark not defined.
1.2.5. FIuorinated finiSAES.............coccovovieiniiiisieeee s Error! Bookmark not defined.
1.2.5. a. Beneficial properties of fluorinated coatings...............c... Error! Bookmark not defined.
1.3. Specific Objectives and Scope of the Project............ Error! Bookmark not defined.
1.3.1. ODJECHIVES.........covcveeeieieeeie st Error! Bookmark not defined.
1.3.2. SCOPE OF L@ PrOJECL...........ccoooiiiiiiiiieeit e Error! Bookmark not defined.
1.3.3. Ll o e (o) o e | R Error! Bookmark not defined.
Chapter 2LITERATURE REVIEW.....ccoveiiiiireecee e Error! Bookmark not defined.
2.1. Necessity of the antimicrobial textiles........................... Error! Bookmark not defined.
2.2. Importance and use of surgical gowns.................c..c... Error! Bookmark not defined.
2.3. Utilization of different antimicrobial substances............ Error! Bookmark not defined.

2.4. Major Requirements for the Antimicrobial Finishes of Textiles... Error! Bookmark not
defined.

2.5. Properties of an effective Antimicrobial Finish.............. Error! Bookmark not defined.
2.6. Chitosan as an effective antimicrobial finish................. Error! Bookmark not defined.
2.7. Application method of Chitosan...........ccccccoeeeiiiiiiiienns Error! Bookmark not defined.
2.8. Fluid Repellent property of surgical gowns................... Error! Bookmark not defined.
Chapter 3EXperimental.......cccucceiiireeeiiireeecesnsrrecseeeeer e Error! Bookmark not defined.
3. 1. Materials. ... Error! Bookmark not defined.
BT 7. SUDSIALE. ...ttt e Error! Bookmark not defined.
31,2, CREIMUCAIS ..ottt st sre s Error! Bookmark not defined.
3. 1.3 EQUIDIMIENE ...ttt Error! Bookmark not defined.
3.1.3. @. Processing @QUIPITIENE'S ...........ccccuouiveiaieiienianieie e, Error! Bookmark not defined.
3.7.3. b. TeSHING EQUIPIMENTE'S..........ccccooeiiiiiiiiii ettt e Error! Bookmark not defined.
3.2. Methods ... Error! Bookmark not defined.
3.2.1. Pad dry-Cure@ mMethOQ...............ccccouioeiieiieiieiesie s Error! Bookmark not defined.

Development of eco-friendly surgical gown fabric vii



3.2.2. TESHNG MEIAOGS............cooeiiiiiiiesie e Error! Bookmark not defined.

3.2.2. a. Air PEIMEADIILY TESL........c..coveeeeseiesi s Error! Bookmark not defined.
3.2.2. b. ANBIDACIEITAl TESE...........cocveeieiieiee st Error! Bookmark not defined.
3.2.2. C. Fluid repellence (st ..., Error! Bookmark not defined.
3.2.2. d. Tensile SIrength Of fabIiC..........c...cccouiiveniiniieisieneie e, Error! Bookmark not defined.
3.2.2. e. Waler vapor fransmission St ...............ccuouoioineiceicnceiic i Error! Bookmark not defined.
3.3. Experimental design..........cccoooiiiiiiii Error! Bookmark not defined.
3.4. Results and analysis ..........ccccoooiiiiiiiiis Error! Bookmark not defined.
3.4 1. ANEMIUCTODIA] ESH...........c.coeiiiieiiiiiee e Error! Bookmark not defined.
B4 2. MVTR TESL....ocvoieieiiieeee ettt ettt nne s Error! Bookmark not defined.
3.4.3. Fluid repellency test (Spray test)...........ccoouvvniiiineiiieneieienee, Error! Bookmark not defined.
3.4.4. Air permeabiliy TESE...........ccccocuiiiviiiiiiiieicie e Error! Bookmark not defined.
3.4.5. Tensile Srength tesSt ... Error! Bookmark not defined.
Chapter ACONCLUSIONS.......ciiiirceierrreences s rre e eeer e Error! Bookmark not defined.
4.1. Summary and Conclusions ...........ccooeiiiiiiiiiiiis Error! Bookmark not defined.
4.2. Future researCh ..........ooouuiiiie i Error! Bookmark not defined.
L E] o] T 00T PSS Error! Bookmark not defined.
Appendix A Air Permeability Test......ccovvvreeeecinreeennnne. Error! Bookmark not defined.
Appendix B MVTR (Moisture Vapor Transmission Rate) Test....... Error! Bookmark not
defined.
Appendix C  Tensile Strength Test ....ccovvveeceiiireeeeceneeeeenne. Error! Bookmark not defined.
Plagiarism Repor......... ..o e Error! Bookmark not defined.

Development of eco-friendly surgical gown fabric viii



LIST OF TABLES

Table 1 : Types of fibers used in medical textiles...........c.c.cu...... Error! Bookmark not defined.
Table 2 : Specifications of the fabric...........cccccvveieiiiccn e, Error! Bookmark not defined.
Table 3 : List of chemicalS........ccccovvviiiiiiniiiee e Error! Bookmark not defined.
Table 4 : List Of processing EQUIPMENT’ S .......ccieiiiieiieiii e enes 25
Table 5 : List of testing eqUIPMENT’S ..........coovevererencreninesenn Error! Bookmark not defined.
Table 6 : Design of eXperiment.........cccccvvvevenieieeresieeseese e Error! Bookmark not defined.

Table7 : Overall Moisture Management Content of B1, B2, B3 (RUCO-GUARD AFR)...Error!

Bookmark not defined.

Development of eco-friendly surgical gown fabric iX



LIST OF FIGUERS

Figure 1: Medical textile ........ccoveviiicieiiiice e Error! Bookmark not defined.
Figure 2: Woven surgical OWNS ..........ccovuveeiiiieeiiie e Error! Bookmark not defined.
Figure 3: Non-woven surgical SOWN .........cccevevireeirieiie e Error! Bookmark not defined.
Figure 4: Polymeric structure of cotton[24] .......cccccccvveviveeineenne, Error! Bookmark not defined.
Figure 5: De-acetylation of chitin[30]..........ccccceviiiiiiiiieiecie, Error! Bookmark not defined.
Figure 6 : Pad dry-cure method ..........cccccoviiinieiiie e Error! Bookmark not defined.
Figure 7 : Application Method of Finishes............cc.ccocvvvivnnnnnnn. Error! Bookmark not defined.
Figure 8 : ProCcess SEQUENCE .......cvvieerueeierieesieeiesreesieeeesree e e Error! Bookmark not defined.
Figure 9: Air Permeability TeSter .......c.cccvvveviveveiieieeie e Error! Bookmark not defined.
Figure 10 : Water Repellency Tester........cccvvveveiieveeieseesieenn, Error! Bookmark not defined.
Figure 11 : Tensile Strength TeSter........cccoovviiieiiiniiie e Error! Bookmark not defined.

Figure 12 : Application of antibacterial and repellent finish........ Error! Bookmark not defined.
Figure 13 : Samples treated with chitosan and Fluid repellent (RUCO-GUARD AFR)......Error!
Bookmark not defined.

Figure 14 : First chitosan and then water repellent finish (RUCO-GUARD AFR) ............. Error!

Bookmark not defined.

Figure 15: Antibacterial activity of chitosan .............cccccevevvenne. Error! Bookmark not defined.
Figure 16 : Antibacterial activity of RUCO-BAC MED............... Error! Bookmark not defined.
Figure 17 : First RUCO- BAC MED and then repellent (RUCO-GUARD AFR)............... Error!
Bookmark not defined.

Figure 18 : Overall Moisture Management Content of Al, A2, A3........... Error! Bookmark not
defined.

Figure 19 : Overall Moisture Management Content of C1, C2, C# (Chitosan).Error! Bookmark

not defined.

Development of eco-friendly surgical gown fabric X



Figure 20 : Overall Moisture Management Content of D1, D2, and D3 (RUCO-BAC MED and

RUCO-GUARD AFR) ..ottt Error! Bookmark not defined.
Figure 21 : Overall Moisture Management Content of C1, c2, C3 (Chitosan and RUCO-

GUARD AFR) ..ottt Error! Bookmark not defined.
Figure 22 : Standard spray test rating ..........cccceeereerieieniennennnn Error! Bookmark not defined.
Figure 23: Al, A2, A3 (RUCO-BAC MED).......cceovrinirirnnnnn. Error! Bookmark not defined.
Figure 24 : B1, B2, B3 (Repellent RUCO-GUARD AFR) .......... Error! Bookmark not defined.
Figure 25 : C1, C2, C3 (Chitosan) ........cccovvevvevieiieiieie e Error! Bookmark not defined.

Figure 26 : First Antibacterial (RUCO-BAC MED) and then repellent (RUCO-GUARD AFR)
........................................................................................................ Error! Bookmark not defined.
Figure 27 : First Chitosan and then repellent (RUCO-GUARD AFR)....... Error! Bookmark not
defined.

Figure 28 : Effect of air permeability on Al, A2, A3 (Antibacterial), B1, B2, B3 (Repellent) and
C1, C2, C3 (ChitOSAN)....ueeiveeieireesieeieseesieeiesreesteeeeseeseeeneesseennens Error! Bookmark not defined.
Figure 29 : Effect of air permeability on D1, D2, D3 (Antibacterial and repellent) and C1, C2,
C3 (Chitosan and repellent) .........cccovvieeieeie i Error! Bookmark not defined.
Figure 30: Warp and Weft Tensile strength of the fabric............. Error! Bookmark not defined.
Figure 31: Warp and Weft Tensile strength of dual finished samples........ Error! Bookmark not
defined.

Development of eco-friendly surgical gown fabric xi



Chapter 1

INTRODUCTION



1.1. Background

Medical textile comprises of the development of surgical gowns, drapes, bandages, caps, masks,
gloves, artificial livers, artificial hearts and many others [1]. Surgical gowns are the protective
wear which imparts great properties during various surgical operations. For the development of
surgical gowns different types of fabric are being used, mostly cotton or its blends with synthetic
like PC (polyester cotton blend). Cotton is the most preferable material used for making surgical
gowns due to its durability, non-allergic nature, good strength, breathability, low thermal con-
ductivity and elasticity, good wear-ability and comfort ability [2]. A wide range of surgical
gowns are also made of nonwoven polypropylene fibers as it exhibit good strength, easy to han-
dle and impermeable to fluids [3].The major characteristics which should be essential in devel-
opment of advantageous surgical gowns are; comfort-ability, absorbency, fluid repellence, anti-
microbial, good tensile strength, durability and breathability. All these properties of surgical
gowns can be achieved by the application of various antimicrobial and fluid repellent finishing
materials. These finishes are natural or synthetic, however the preferred finishes are natural be-
cause they are eco-friendly and not give any harm to life [4]. Mostly natural antimicrobial fi-
nishes of chitosan, chitin and silver are used while a wide range of synthetics antimicrobial mate-
rials are being used such as; triclosan, Zinc oxide nanoparticles. Dichlorophenol, nitro com-

pounds, amines, organometallics and formaldehyde derivatives [5].
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