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ABSTRACT

Human hairisa common waste material thatis found in most parts of the world. Especially, the large
amount of human hair accumulation in the waste stream clogs drainage systems causing many
environmental problems such as attracting molds and pests, releasing unpleasant odors, slowing
drainages, and so on. For waste disposal, human hair can be burned, however, the burning process
produces lots of hair dust, foul odors, and toxic gases into the environment affecting human health
and life. As one of the solutions to the circular economy, human hair waste has been collected and
reused in many fields such as fiber-reinforcing parts in composite materials, adsorbent materials
for oil spill cleanup, organic fertilizers for plants, and so on. With focus on producing an efficiency
method that offers significant benefits of reusing of waste, the human hair/epoxy composite was
fabricated using the hot press technigue in this research. Due to the support of the pressing pro-
cess, the reused human hair waste composition in the composite material was increased compared
with the common methods such as hand lay-up and casting techniques. Besides that, the impacts
of human hair waste and CaCOs filler loading on the mechanical properties like tensile strength
and flexural strength of the human hair/epoxy composite material were also analyzed for applica-
tion purposes. As a result, the fabricated composite panel with the ratio of human hair/epoxy at
50/50 added 100 phr of CaCOj filler introduced the optimal tensile strength, tensile modulus, flex-
ural strength, and flexural modulus at 15.8 MPa, 2.1 GPa, 52.7 MPa, and 7.5 GPa, respectively. The
obtained results show the compatibility of the fabricated human hair/epoxy samples compared

with the other research which satisfied the requirements for composite applications.
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INTRODUCTION

Nowadays, the environment has been more polluted
due to the increasing proportion of domestic and pro-
duction wastes. Originally, the main source of pollu-
tion was caused by untreated wastes which have been
produced in municipal, industrial, and agricultural
areas. One of the environmental pollutants that can
be mentioned is human hair which is found mostly in
waste streams. Human hair accumulates and clogs the
drainage system due to its slow decomposition '. The
trapped water causes eutrophication leading to the de-
cay of organic matter which produces odor gases and
breeding grounds for pathogens. Currently, burn-
ing is the fastest method to decompose human hair
waste. However, human hair produces hair dust, foul
odors, and toxic gases such as ammonia, carbonyl
sulfide, hydrogen sulfide, sulfur dioxide, phenols, ni-
triles, and so on during the burning process’. The
other common way of treating hair waste is the bury-
ing/landfilling method, even so, dumping hair waste
has still caused pollution and health problems. There-
fore, the requirement to develop an efficient treatment

method for hair waste has been progressively concen-
trated. As one of the solutions to the circular econ-
omy, the reuse of hair waste assists in solving the pol-
lution problem and creating the economy. In some
countries, human hair is sold on a large scale for hair
wigs to make a fashion statement or hair pads to soak
up oil spills®>. Recently, some experiments on horti-
cultural plants have shown that human hair provides
the necessary nutrients for plants because it includes
high nitrogen-containing organic substances as well
as sulfur, carbon, and so on*. However, the manufac-
turing processes produce hair dust and waste chemi-
cals causing pollution and legal conflicts. Regarding
the environment and sustainability, green materials
have been focused on through the advancements of
bio-materials. Human hair is greatly recognized as an
enormous eco-friendly resource in the field of green
materials. In this point of view, the human hair in-
dicates high tensile strength at 200 MPa and tensile
modulus at 1.74-4.39 GPa which indicates the ability
to apply in composite materials®. At present, there
are a lot of researchers and scientists who have fabri-
cated the composite from epoxy and human hair and
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indicated the positive effects such as high tensile and
flexural strengths at 15.0 MPa and 25.1 MPa, respec-
tively“‘g. However, small contents of hair waste (un-
der 25%) have been reused due to the disadvantages
of hand lay-up and casting techniques. To build on
the efficiency method for recycling more human hair
waste, the hot press process was applied in fabricating
the hair/epoxy composite in this research.

MATERIALS AND METHODS

Materials

Commercial epoxy resin (SM.828, epoxy equivalent
weight g/eq (EEW): 184-194) and amine base cur-
ing agent (6217C, amine hydrogen equivalent weight
g/eq (AHEW): 95) were purchased from Minh Thanh
chemical joint stock company, Vietnam. CaCOj3
powder (MC-15, purity: > 98.0%, density: 2.7 g/cm?)
was bought from Michem Viet Nam joint stock com-
pany, Vietnam. Human hair was collected at hair sa-
lons in Ho Chi Minh City, Vietnam and then was cut
to a length of about 5 mm.

Procedures

At first, two parts of commercial epoxy and curing
agent were mixed with a weight ratio of 7/3. After
that, human hair and CaCOs filler were dispersed
into the prepared epoxy resin in the mixing mortar at
room temperature for 30 minutes. The compositions
of the compounds were prepared with the contents in
part per hundred of resin (phr) as represented in Ta-
ble 1. After the mixing process, the collected mixtures
(around 200 g each) were spread into the mold to get
a thickness of about 5 mm and then cured at a tem-
perature of 120°C for 30 minutes under a pressure of
50 kgf to form the composite panels. The fabricated
samples were stored at room temperature for 72 hours
before measuring.

Methods

The mechanical properties of the fabricated samples
were tested using a Testometric M350-10CT machine
at the rate of 2.0 mm/min. The samples were prepared
with the dimensions 145 x 10 x 5 mm for applying
the tensile test following the ASTM D638 standard.
For the flexural test, the samples were prepared with
the dimensions 80 x 25 x 5 mm and measured using
the ASTM D790. Besides that, the morphology of the
crack surface of the sample from the tensile test was
analyzed by Optika Microscope Italy device equipped
with Optikam B0.5 digital camera.

RESULTS AND DISCUSSION

Effect of CaCO; filler content on mechanical
properties

In this research, the effects of the filler addition on
the mechanical properties of the prepared compos-
ite samples were studied. The samples were fabricated
with various CaCO3 contents from 0 to 150 phr when
the human hair contents were fixed at 100 phr. As can
be seen in Figure 1, both tensile and flexural tests in-
dicated a consistent increase in mechanical properties
following the increase in the CaCO3 content from 0
phr to 100 phr. It was found that the tensile strength
and tensile modulus of the composite respectively in-
creased to 15.8 MPa and 2.1 GPa with the addition of
100 phr CaCOs filler. Similarly, the addition of 100
phr CaCOs filler also leads to an increase in the flex-
ural strength and flexural modulus of the 100H-100C
sample. Due to the hot press process, the 100H-0C
sample indicated the porous formation in the com-
posite structure which affected its mechanical proper-
ties. By adding the CaCO3, the porous in the compos-
ite can be reduced leading to the improvement of both
tensile and flexural results. However, the 100H-150C
sample presented a strong reduction of mechanical
properties when the CaCOs filler content reached 150
phr. Especially, the tensile strength, flexural strength,
and flexural modulus of the 100H-150C sample indi-
cated the lowest value. Originally, the resin should
cover all the filler, however, the 100H-150C sample
indicated the overuse of the CaCOs filler causing poor
mechanical properties.

To understand more about the interaction between
the composite compositions, the cracked surfaces of
the tested samples were observed using the optical
microscope device. As can be seen in Figure 2, the
100H-0C samples indicated the remained epoxy resin
on the surfaces of the human hairs which indicates
that the epoxy resin is strongly adsorbed on human
hair surfaces and might be forming the bonding with
the amide, amine, and amino acid groups of human
hair'°. The broken epoxy resin stick on the human
hair surface might indicate the interaction strength
between the matrix with reinforcement is higher than
the matrix strength. However, the 100H-150C sam-
ple represented the appearance of some smooth hair
surfaces which is observed in Figure 2d. This can be
explained that the epoxy resin was adsorbed by the
CaCOs filler and there is a lack of resin to cover the
human hair due to the increase of the filler contents.
Based on this result, the optimal CaCOs3 filler con-
tent will be 100 phr which represents high mechanical
properties.
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Table 1: Composition of the composite sample

Sample* Epoxy (phr) Curing agent (phr) Human hair (phr) CaCOs3 (phr)
100H-0C 70 30 100 0

100H-50C 70 30 100 50
100H-100C 70 30 100 100
100H-150C 70 30 100 150
50H-100C 70 30 50 100
150H-100C 70 30 150 100

* In the table, the samples were named with the number referring to the element composition and the letter H and C referring to human hair

and CaCOs; filler, respectively.
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Figure 1: Tensile strength (a), tensile modulus (b), flexural strength (c), and flexural modulus (d) of the samples

with different CaCOs filler contents

Effect of human hair content on mechanical
properties

The mechanical properties of the composite are
mainly determined by the composition of the human
hair, CaCO3 filler, and epoxy resin. In order to deter-
mine the influence of human hair on the mechanical
properties of the composite products, the human hair
content was varied from 50 phr to 150 phr when the
CaCO3 content was fixed at 100 phr.

Based on Figure 3, it can be seen that composites with
hair contents at 100 phr achieved the highest values
in all tensile and flexural tests. The increase of the hu-
man hair content from 50 phr to 100 phr indicated
the positive effect of the addition of human hair in
the composite samples. Human hair takes the role
of the reinforcement part in the composite materials
leading to the improvement of the mechanical prop-
erties. However, the 150H-100C indicates a reduc-
tion in mechanical properties. This reduction was
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Figure 2: Optical microscope images of cracked samples: (a) 100H-0C, (b) 100H-50C, (c) 100H-100C, and (d) 100H-
150C

demonstrated by the overuse effects of human hair
which represented the insufficient cover of the epoxy

1. From the optical microscope image of the

resin
50H-100C sample shown in Figure 4a, the rough sur-
faces of the human hairs are present as similar to the
100H-100C sample. Nevertheless, the optical micro-
scope image of the 150H-100C sample in Figure 4b
indicates the not good cover of the epoxy resin on the
human hair. Furthermore, the mechanical properties
of the 100H-100C sample were compared with the
other natural fiber/epoxy composite. The collected
data are listed in Table 2.

As can be seen in Table 2, the fabricated sam-
ple demonstrated compatible mechanical properties
with the other natural/epoxy composites. For the
hair/epoxy composite, the fabricated sample indi-
cated better tensile and flexural strengths compared
with the reference sample which consumed only 20%
of wasted hair. In particular, the flexural strength
from the prepared sample is double compared with
the reference result of the hair/epoxy composite.
Furthermore, the tensile modulus of the fabricated
hair/epoxy sample is higher than the other reference
composite species.

CONCLUSIONS

Human hair-reinforced epoxy composite has been
successfully fabricated in this research. By studying
the effects of the filler compositions, the composite
reinforced with 100 phr of human hair and 100 phr
of CaCOs indicated high tensile and flexural prop-
erties. As a result, the hot press process is illus-
trated as a suitable technique for reusing an enormous
human hair amount in supporting the waste treat-
ment streamline. Furthermore, the fabricated sam-
ple demonstrated compatible mechanical properties
compared with the other natural fiber/epoxy compos-
ite which may be considered as the promised alterna-
tive to other natural fibers in the composite materials.
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Figure 4: Optical microscope images of cracked samples: (a) 50H-100C and (b) 150H-100C
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Table 2: Mechanical properties of various natural/epoxy composite materials

Sample Tensile Tensile modulus  Flexural Flexural modu-  Reference
strength (GPa) strength lus (GPa)
(MPa) (MPa)
Hair/epoxy 15.8 2.1 52.7 7.6 This work
Hair/epoxy 15.0 = 25.1 - &
Jute/epoxy 16.6 0.6 57.2 8.9 2
Flax/epoxy 35.9 1.5 61.9 1.4 =
Sisal/epoxy 8.4 1.0 40.5 0.4 .
Banana/epoxy 16.1 0.6 57.3 8.9 1
Oil palm/epoxy 29.9 1.4 51.0 3.3 e
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Tai stir dung téc ngudi thai trong san xuat vat liéu composite va
danh gia anh hudng ctia thanh phan dén tinh chat co hoc
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TOM TAT

Téc ngudi 1a chat thai phé bién dugce tim thay & hau hét cac noi trén thé gidi. Dac biét, luong 16n
toc tich tu trong dong chat thai lam tac nghén hé théng thoat nudc dang gay ra nhiéu van dé vé
moi trudng nhu nudi dudng mam bénh, phat sinh mui héi, dong U nudc ban... BSi vdi viec xU ly
chat thai, toc ngudi c6 thé dugc dua di dét, tuy nhién, qua trinh dét sé tao ra rat nhiéu bui toc, mui
hoi va khi doc ra méi trudng gay anh hudng dén stic khde va cude séng clia con nguai. Mot trong
nhing gidi phap hién tai trong xu thé kinh té tuan hoan la quy trinh thu gom va tai s& dung toc
thai trong cac linh vuc khac nhau nhu sgi gia cuong trong vét liéu composite, tam vat liéu hap phu
dau tran, phan bén hitu co cho cay trong... Vi muc tiéu nghién cu phuong phap hiéu qua nham
mang lai lgi ich dang ké cho viéc tai st dung toc thai, quy trinh ép néng duoc ép dung dé ché tao
vat liéu composite ti toc ngudi va nhua epoxy trong nghién ctiu nay. Nha su hd trg clia qué trinh
ép, ham lugng téc ngudi dugc tai st dung trong vat liéu composite dat cao hon so véi cac phuong
phép thong thudng khac nhu ky thudt 1an tay hay quy trinh dé khudn. Ngoai ra, anh hudng cla
ham lugng téc thai va bot don CaCOs 1én tinh chat co hoc clia tédm vat liéu composite tir toc ngudi
va nhua epoxy cing dugc phan tich cho muc dich ing dung. Két qua cho thdy tdm composite
dugc ché tao vdi ty 1é toc ngudi/epoxy & 50/50 bé sung thém 100 phr CaCO3 cho dé bén kéo, mé
dun kéo, d6 bén uén va moé dun udn dat toi uu lan luot & 15,8 MPa, 2,1GPa, 52,7 MPa va 7,5 GPa.
Két qua nghién ctru da cho thdy kha nang ting dung clia mau composite dugc ché tao trong thuc
té.
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