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Abstract: A series of different eggshell membrane (ESM) and chitosan (CS) blend
films (ESM/CS) were prepared for wound-care dressing. The appearance,
transparency and microstructure of the films were characterized. Several wound
care-related properties such as the film integrity in solution, pH, protein (BSA) and
wound fluid absorption capacity as well as the antibacterial property of ESM/CS films
were evaluated. The blend films were more stable than CS film after 95 hours of
incubation in solution. The integrity of the blend films improved significantly at the
cost of a small insignificant decrease in wound fluid absorption capacity. Besides, the
blend films provided an acidic environment (pH = 5.86) for wound healing. The
swelling properties of ESM contributed significantly to the increase of BSA
absorption capacity of the blend films (from 46.57 mg/g of CS film to 61.07 mg/g of
blend film) and helped absorb more nutrients to promote the proliferation and
migration of fibroblasts. Addition of CS to ESM also enhanced the antibacterial
activity of the films significantly. The results indicated that the EMS/CS blend films
with 0.01 g ESM/mL CS solution showed the highest high potential to be used as a
wound-care dressing for humans as well as animals.

Keywords. wound healing; eggshell membrane; antibacterial activity

1. Introduction

There are a large number of patients suffering from various destructive types of
cutaneous wounds caused by trauma, burns, or other conditions such as sickle cell
anemia leg ulcer in China [1]. Wound-healing is a multifaceted complex and dynamic
biological processes such as inflammation, cell proliferation and tissue remodeling,
and having a high nutrient exchange capacity and an acidic microenvironment is
essential for cell proliferation and self-healing process, respectively [3, 4]. A suitable
wound-care dressing can promote the wound healing process by maintaining
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moderate humility of the wound area, helping exgeaaf nutrients, and keeping the
area from microbial infection. Thus, the wound-camessings should have high
biocompatibility, antimicrobial activity, liquid aorptivity, and modest physical and
mechanical strength.

Nowadays, various natural polymers with strong kmdierial properties,
effective hemostasis or scar-repairing ability hdeen developed as wound-care
dressing materials. Among them, chitosan (CS), satipely-charged polysaccharide
containing glucosamine, is considered as a chedp,and effective natural material
for wound-care dressings [®]. Because CS has various prominent biomedical
properties, including biocompatibility, film-formgn ability, broad antimicrobial
activity, high hemostatic capacity, and excellaftiering ability to injured tissues and
vessels to seal off the wounds [7, 8]. Nonethelesis)g CS as a wound-care dressing
is still limited because of its poor mechanicalesgth in acidic solutions [8].
According to our preliminary experiments where €@ films were immersed in the
exudate of the wounds, it was easily dissolved biee®f its molecular structure with
a large number of hydroxyl groups. Thus, CS films mot conducive to use for the
long-term healing of wounds. Various crosslinkingategies (i.e., glutaraldehyde or
transglutaminase) have been studied to enhancen¢lsbanical and water-resistance
properties of CS films. However, the cross-linkagents may be cytotoxic and have
adverse effects on human health. Furthermore, difiicult for a single polymer or
biomaterial to meet all the general requirementsafgerfect wound-care dressing.
Therefore, CS has been blended with other macramiale polymers or biomaterials
such ascellulose acetate [9], lysozyme [1Mentonite [8] andsilk fibroin [11] to
enhance its functionalities as a wound-care drgsaiaterial. To the best of our
knowledge, no research work on producing wound-cdiressing materials by
blending CS and eggshell membrane has been conducte

About 5 million tons of eggshells are produced asyaproduct of 1& eggs
annually in the world and are generally overlooked disposed as the industrial and
household wastes [12]. Eggshell membrane (ESM)praptex mixture of proteins
(i.e., kept in and collagen) and glycoprotein (itgzaluronic acid, glucosamine), has
been proposed as a highly-value material for bioklgand biomedical engineering
because of its nontoxic, protein-rich and biocontpatcharacteristics [1, 13]. ESM
named "Phoenix cloth" has been used as a medimigatdient for healing burn,
corneal ulcer, and decubitus ulcer in Chinese ticadil medicine for more than 400
years. Sumo wrestlers still use it as a first aoimd-care dressing in Japan [14, 15].
Levytska et al. found that ESM could be considere@ skin-graft donor site dressing
due to its pain relief, wound protection and hepktceleration properties [16]. Yang
et al. showed that ESM could effectively promote thuick epithelialization of
split-thickness skin graft donor sites and redudgjective pain sensations [17]. To
assess the practicability of ESM as a home remedyakterations and abrasions,
some scholars used it on a rat model to help wdwwading. The results showed that
ESM could be incorporated into bandages [18]. Allsocan be applied to the existing
CS film as a remedy to improve its poor mecharstangth.

The main objective of this study was to preparecfiomal blendfilms using CS
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and ESM (ESM/CS) and compare their physical andbgical properties such as
thickness, appearance, surface morphology, andvodnd fluid absorption capacity,
BSA absorption capacity, degradation ability, antleacterial activity. The prepared
films were also evaluated for their potential apgiions as a biomaterial for
wound-care dressing.

2. Materialsand methods

2.1. Materials

Chitosan (CS) with the molecular weight of 100,080d with 80%~95%
deacetylation was obtained as a gift from Sinoph&inemical Reagent Co., Ltd.
Glycerol (G) was purchased from Sinopharm Chemiehgent Co. Ltd. Eggshell
membrane (ESM) was purchased from Heilongjiang Kénd\griculture Co., Ltd.
Bovine serum albumin, acetic acid, and other chalmiovere received from
Sinopharm Chemical Reagent Co., Ltd and used withuwther purification.

2.2. Particle Sze Detection of ESM powder

The average particle size distribution of ESMwger was measured using
APA2000 laser particle size distribution instruméviailvern, UK).

2.3. Preparation of ESVI/CSfilms

One gram of CS powder was dispersed in 100 mL of (¢ acetic acid
solution and continuously stirred at %D until a clear solution is obtained. The ESM
powder was added to 10 mL of CS solution to ob@a@di g, 0.02 g or 0.03 g ESM per
mL CS solution. The solutions were stirred contllyuasing a magnetic stir until the
ESM powder was dispersed entirely, and then glyc@®, 1% or 2%, v/v) was
added to the CS/ESM suspensions to form homogensagisg solutions. Finally,
the suspension was cast on a 12-well plate and dti@7°C to form ESM/CS films.
The CS film (control) was prepared using the sanoequlure without ESM powder.
According to the amount of glycerol (G) and ESM ew the blend membrane was
named xG-ESM/CS film (Table 1; x=0, 1, 2, the volume ratiogbycerol; y=0, 0.01,
0.02, 0.03, the mass ratio of ESM).

2.4. Morphological characterization of ESVI/CSfilms

The visual assessments were made using the appeartinickness, mass
uniformity, transparency and microscopic morpholarfythe ESM/CS films. The
thickness of films was measured with an electrogigital micrometer at three
different positions of one filmThe transparency was measured by placing the films
on a printed paper with green patteriihe mass uniformity of the films prepared
were measured using two methods: for the uniformitthe films from casting plates
was assessed by making a circular cut (10 mm imeter) from a film and
individually weighing the cut-film, and the uniforty of each individual film was
determined by making three small circular cuts (B m diameter) from a film and
comparing the weight of the cut-films. The micromioology of films was observed
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using a scanning electron microscopy (SEM) (JSMe&89Japan) operated at 10 kV
accelerating voltage.

2.5. Evaluation of integrity of ESVI/CSfilms and degradation in vitro

The integrity and degradation of ESM/CS films itroiwere measured using the
method described by Ma et al. [19, 20]. The pregpéitms (12x12 mm) with a known
weight were immersed into 1 mg/mL lysozyme/PBS7at $or 1 hr (D) to swell and
equilibrate before use. The equilibrated films wezenoved, washed with distilled
water, wiped off the residual water, and weighed.(Dhe pre-equilibrated films were
further immersed in 1 mg/mL lysozyme/PBS at'3or 1, 2, 3, 4, 23, 47, 71 and 95 h,
and weighed at the designated time).(Dhe relative degradation ratio (RDR) was
calculated using the following equation:

RDR (%) = (Q-Dy)/D; x 100

where
D; isthe initial weight after 1 hr equilibration
Dy is the weight after t-hours of incubation (t 213, 4, 23, 47, 71, 95).

2.6. Wound healing ability of ESM/CSfilmsin vitro
2.6.1 Microenvironmental pH of ESM/CSfilms

The films were cut into pieces (12x12 mm) and timersed in 4 mL of
normal saline solution (0.9%) for 24 h ati25The pH of the soaking solution was
determined to evaluate the microenvironment crelyetthe films [8].

2.6.2 Wound fluid absorption capacity of the blend films

The wound liquid absorptivity of the films was essited using the simulated
wound fluid (SWF)[21]. The weighed films () were immersed into SWF consisting
of 2% wi/v of BSA solution, 0.08 M tris methylamir@4 M NaCl, and 0.02 M Cagl
in distilled water (pH=7.5). At predetermined tirpeints, the weight of the swollen
films (ls) was measured after the excess SWF on the suwaseemoved by blotting
with a filter paper. The wound fluid absorptioneg§WFA) was calculated using the
following equation.

ls

WFA (%) = %100

0

2.6.3 BSA absor ption capacity of the blend films

The BSA absorption capacity of the films was estedaaccording to Cao's
method [22]. In brief, about 30 mg of film fragmentere placed in a 24-well cell
culture plate. After equilibrated with PBS buffer £2-3 h, all the samples in triplicate
were incubated with 0.75 mL of 10 mg/L BSA solutitor 24 h at 37C. The
absorbed amount of BSA was calculated using theeamdmtion change of BSA
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solutions before and after incubation. The grouthait any film was treated as the
control. The BSA concentration was measured usirgcachoninic acid (BCA)
protein assay kit (Servicebio, China).

2.7. Antibacterial assessment

To detect the antibacterial performance of the di@ms, a bacterial suspension
assay was conducted using the process developeidebwl. with some modifications
[23, 24]. In brief, the films with a diameter of 28m were sterilized by dipping in
75% ethanol for 30 min and washed with PBS for ghtenes in super-clean
worktable, and then excess moisture on the sudhfiens was blown dry in the case
of sterile air convection while all the conditiomgere kept sterile. One mL of a
bacterial stock was inoculated for 8-12 h in 10 fiypticase soy broth (TSB)
medium with a constant shake at 180 rpm at’@7The freshEscherichia coli
(devoted a<. coli) and Saphylococcus aureus (devoted asS aureus) strains were
diluted separately in normal saline to obtain aB Qoptical density) reading of 0.07
at 595 nm. Then, 1.5 mL of the diluted bacteriduson and 1.5 mL TSB medium
were mixed, and the blended solution (in total 3)mias dispensed into the wells of
12-well plate containing the films. The plates @ning bacteria solution were
cultivated for 24 h with a gentle shake at 50 rgn8&°C. 200uL of the bacterial
solution was transferred into a 96-well culturetglaand the O.D reading was
recorded with the Microplate reader (Biotek, USAhe assay was performed in
triplicates.

3. Results

3.1. The size distribution of ESM powder

As shown in Fig. 1, the particle sizes distribntiof ESM was in a range
between 10.0um to 316.22um, and the average diameter of ESM powder was
117.25um, which provided sufficient support for uniformiof the films (Table. 2).
As discussed above, the commercial ESM powder withay treatment was a kind
of micronized particles, which was different frohretnanoparticles used to prepare a
dressing of wound healing [25, 26]. Matthews et slccessfully prepared the
lyophilized wound healing wafers, which were comgmbef metalloproteinase-3 and
stromelysin-1 inhibitor with the mean particle s@feabout 878.7um [27]. Zheng et
al. adopted the micronized amnion (300-600) to treat wounds in diabetic mice
[28]. Other wound-healing dressings based on ESWE lmen developed recently,
and the dressings mainly used the ESM as a biotgen[f14] or adsorbent [1], but not
for its function on wound healing.

3.2. Morphological characterization of ESVI/CSfilms

There are many general requirements for a kindafna healing dressing, such
as flexibility, tearability, integrity, transparencand uniformity. However, due to the
hydrophobicity and hardness of ESM, the blend filmmuld also be hard and have
poor flexibility and low mechanical strength. Sealgorevious research demonstrated
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that addition of glycerol, a plasticizer, in CS meds not only increased the flexibility
of films but also improved their mechanical propet[29, 30]. Hence, a certain
amount of glycerol was added to increase the flétyiband controllability of the
films. The appearance (Fig. 2A) and transparengy. @B) of the CS and blend films
with varying ratios of glycerol and ESM powder atgown in Figure. 2The green
patterns on the background could be identifiedrileorough CS films and some
blend films.The CS film was transparent without any color tiit the blend films
showed yellowish-brown tint after adding ESM powdehich was attributed to the
yellowness of ESM powder. The XG-ESM/CS (x=1%, 2 y=0.01, 0.02) films
could be uncovered easily in the process of exmarimbut the films with excess
ESM powder (y=0.03 g/mL) as well as those withony glycerol (x=0) were too
hard to be detached from the container surfaceteftre, the films containing 0.03
g/mL ESM powder or that without any glycerol weneappropriate. What is
noteworthy is that the appearance and homogenkihedilms with the 0.01 g/mL of
ESM powder are similar to those of the CS/bentondgaocomposite films and the
CS-based films prepared through a casting/solvesp@ation method in references
[8, 20]. Addition of glycerol had no effect on ttransparency of the cast films, which
agree with the previous reports [30].

Uniformity is a major parameter that indicates a@ct preparation method for a
blend film [31]. The thickness of all films was time range of 0.17 = 0.Q¥m to 0.24
+ 0.03um, and there were no significant variations in tthiekness of all blend films
(Table 2). The mass of prepared films was depenoietihe content of ESM powder.
The films with 0.01 g/mL ESM powder were lighteath0.02 g/mL ones (Table. 2),
which might be due to the enhanced density of EfBMkfwith the increased content
of undissolved ESM powder. The influence of gly¢doothe thickness of films was
negligible, indicating that the method for prepamatof xG-yESM/CS film was
consistent.

The SEM analysis of films was presented in Figl't#e surface of CS films (Fig.
3a) was flat, smooth and compact without any cracksarticles on the surface, while
rough and wrinkly surfaces were found in the bléhms (Fig. 3b-e) due to the added
ESM in CS solution. The degree of roughness orstitace of blend films increased
as the amount of ESM powder added increased. Tughrsurface in wound dressing
also was observed in CS/bentonite blend films pegplay Nouri et al. [32].

3.3. Evaluation of integrity of ESVI/CSfilms and degradation in vitro

The relative degradation ratio (RDR) of CS and 8l&ms are summarized in
Fig. 4. After soaking in lysozyme/PBS solution €& hours, the RDR of CS film was
66.10% with over half of the weight degraded, whhat of the 1G-0.01 ESM/CS,
2G-0.01 ESM/CS, 1G-0.02 ESM/CS film and 2G-0.02 ES#H film were 33.25%,
28.08%, 27.07%, and 35.51%, respectively. So, tleadbfiims presented lower
degradation degree than the CS film after 95-honaubation. The blend films could
be considered as an acceptable wound-care dressihgow degradation rate in
particular in 2G-0.01ESM/CS and 1G-0.02ESM/CS filifise photographs of CS and
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blend films immersed in PBS at different time (¥,dadays and 3 days) are exhibited
in Fig. 4a. As opposed to the gradual curling ars$alution of CS film, all blend
films maintained their integrity except for 1G-0.@ESM/CS that showed curly
external appearance due to the high content ofrdSaav glycerol in the film.

Because of its low toxicity, hemostatic potentgdod film-forming properties,
and anti-microbial activity, CS-based films gainmmhsiderable attention for wound
healing applications [33, 34]. Even so, the intiygof CS film was easily destroyed
when it was soaked in normal saline or wound fldide CS can be dissolved easily
in acidic solution, which restricted its applicatias a commercial wound-care
dressing material. Therefore, it is essential tbagice the integrity of CS film in
solution and prevent its degradation [20, 22]. Tihgorovement of mechanical
strength in ESM/CS blend films is related to thanfezced network structures by
calcium as a cross-linker and physical filling [35).

ESM is composed of a double membrane, in whictotiter membrane adheres
to the eggshell and plays a role in eggshell miizigon [22]. Calcium is found in
the outer layer of ESM [37], and the calcium ioasa be released from the outer ESM
layer to an acidic casting solution. The networkucure was reinforced by the
electrostatic attraction between CS and calciums,ienhancing the integrity of blend
films in solution [38]. Also, calcium ions are inved in stanching, induction of
platelets adherence, promotion of blood clottingl @neation of anti-inflammatory
cytokines. So, it is feasible and more conducive tfte healing of wounds by
introducing calcium ions [39, 40]. ESM powder masoaact as a physical filler in the
process of film-forming of CS and help keep thesgnity of films. The glycerol
added into the blend films is a widely-used polyraelditive and have a positive
effect on the flexibility and mechanical propertieisCS films [41]. The improved
flexibility and high mechanical endurance of thewbcare dressing materials not
only can endow it with a lasting function until theund is completely healed, but
also can contribute to be an appropriate subst@teadhesion, proliferation and
migrations of cells [42,43].

3.4. Wound healing ability of ESVI/CSfilmsin vitro
3.4.1 Microenvironmental pH of ESM/CSfilms

Favorable external microenvironment for wound heplof our skin can be
produced by modifying some parameters such as phhpdrature, and partial
pressure of carbon dioxide or oxygen. A suitableragnvironmental pH might
indirectly alter the internal microenvironment betwound by inducing proliferation
of fibroblasts [44]. Therefore, the pH of a goodund dressing should be similar to
that of the normal healthy skin that ranges betwk8rand 6.8. Fig. 5 showed that all
the ESM/CS blend films exhibited a weakly acidic (i¢tween 5.86 and 6.52), which
agreed with the pH values of commercially availalvtgund-care products reported
by other researchers. This also indicated thatbtead films prepared in this study
could act as an acidic medium to minimize the irwa®f bacteria and stimulate the
proliferation of fibroblasts indirectly during theound-healing proceg$45].
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3.4.2 Wound fluid and BSA absor ption capacity

The wound fluid absorption rates (WFA) of the filnmsthe simulated wound
fluid (SWF) are presented in Fig. 6A. Compared waitB film (1276.01%), blend
films showed lower WFA (90.43%~235.04%), which iributed to hydrophobic
properties of ESM added in the blend films [24]isThuggested that the integrity of
blend films in solution increased with only a sliglacrifice of wound fluid absorption
(Fig. 4a and 6A). Fig. 6A also showed the effecE8M and glycerol on wound fluid
absorption of blend films. The WFA increased fro223% (0G-0.01ESM/CS) to
112.34% and 228.6%, when 1% and 2% glycerol wede@despectively. It has been
reported that wound fluid is absorbed into the $ilioy two processes: water was
bound to the material itself and retained in theepspace of the membrane [20].
However, there is no pore structure in the derlsesfas shown in SEM images (Fig.
3b-e). Therefore, when the concentration of ESM @#&8 g/mL, the addition of
glycerol improved the absorption of wound fluid Base of abundant -OH groups in
glycerol [46]. However, when 0.02g/mL of ESM wasdead, the wound fluid
absorption of blend films was negatively correlatedh the content of glycerol
probably due to the reduction of hydrophilic makon the film surface. Although,
the concentration of glycerol rose from 1% to 2%e effect of hydrophobicity of
ESM powder was greater than the effect of the ki action of glycerol, leading
to lower absorption of wound fluid.

In addition to the wound fluid absorption, proteabsorption of the dressing
materials is also an important factor for woundlinga Bovine serum albumin (BSA),
a protein similar to human serum albumin (HSA)deemed an essential protein in
the body that regulates osmotic pressure and toatadjon and is a nutrient [47, 48].
Therefore, BSA was used as a model protein to td#dteqrotein absorption capacity
of films in this study. It is known that films withigh protein absorption can hold
sufficient nutrients for cell proliferation and magion, facilitating wound healing
[49]. In general, the absorption process of BSAniwlved with the migration of
water and BSA. There could be some difference igration speed between water
and BSA because the molecular mass of BSA is bitgar water.

As shown in Fig. 6B, CS and the blend films coritayjn0.01 g/mL of ESM
powder exhibited a certain level of BSA absorpticapacity. Compared to the
absorption capacity of 46.57 mg/g of CS film, th8§Mabsorption capacity of blend
films with 0.01 g/mL ESM (61.07 mg/g) was higheaththat of the CS film. The
swelling ratio of CS film was significantly highénan that of the blend films (Fig.
6A). During this process, water molecules permedtedugh the CS films more
efficiently than the BSA macromolecule, which calisee CS film hyper-saturated,
limiting to the absorption of BSA. So, the filmstivia lower ratio of swelling
(1G-0.02ESM/CS and 2G-0.02ESM/CS film) absorbed emBEA than CS film.
When the amount of ESM in films increased furtlee® 02 g/mL, the BSA absorption
of blend films decreased to 25.60 mg/g (1G-0.02E38)/ and 20.09 mg/g
(2G-0.02ESM/CS), respectively. In this case, thgration of water and BSA were
both restricted due to the hydrophobic propertf8M powder, causing lower BSA

8
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absorption capacity. Thus, 1G-0.01ESM/CS and 2GHESM/CS can hold more
nutrients to promote the proliferation and migratf fibroblasts and accelerate the
rate of wound healing significantly.

3.5. Antibacterial assessment

An ideal dressing for skin regeneration should hadequate antibacterial
activity, effectively protecting the injury from bgerial infection and providing a
favorable environment for the growth of tissues][ZBherefore, the antibacterial
study is indispensable to investigate the efficaéydressing materials for wound
healing applications. The antimicrobial activitie§ CS and blend films were
evaluated against two different bacterial straimemely gram-negativ&scherichia
coli, gram-positive Saphylococcus aureus, using the suspension culture method
(measurement of OD after treatment). As shown @ Fj control sample incubated
with Escherichia coli (Fig. 7A) andSaphylococcus aureus (Fig. 7B) without any film
showed an increased OD value, from 0.07 to 0.98 a#t h of incubation. For both of
the bacterial strains, the final OD values (aftérh2of incubation) of CS and blend
films were lower than those of the control sampksiong them, the OD value of
2G-0.01ESM/CS ofaphylococcus aureus (Fig. 7B) andEscherichia coli (Fig. 7A)
were 0.42 and 0.27, respectively, which showed Higgnest antibacterial activity
against those bacteria among the films. This imgnmoent was attributed to the
intrinsic antimicrobial activities of CS and thesidual ovotransferrin and lysozyme in
ESM [24, 36]. These results indicate that 2G-0.(MIESS is the best blend of film
conditions for biomedical applications as a wourekding.

4, Conclusions

A new type of CS and ESM blend films named xG-yESBI/have been
prepared using the film-casting method for wounceadressing. The properties such
as water resistance, wound fluid absorption, BSAsosgition capacity and
antibacterial activity that are related to woundalrgy were improved with the
incorporation of 0.01 g/mL ESM and 2% glycerol intohitosan film
(2G-0.01ESM/CS).This blend film (2G-0.01ESM/CS) can have a potrid be a
material for wound-care dressing and the cell anchal experiments are in progress.
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Captions
Tables
Table 1: Proportion of CS, ESM powder and glyc@rdhe prepared blend films.

Table 2: Morphological characterization of CS atehd films in terms of thickness
and mass.

Figures
Figure 1: Particle size distribution of ESM powder.

Figure 2: Appearance and transparency of chito€&) &nd blend films with varying
ratios of glycerol (v/v, %) and ESM powder (w/vrd/).

Figure 3: Scanning electron microscopy images of(&Sand blend (b-e) films. (b)
1G-0.01ESM/CS film at 100x magnification; (c) 2@DESM/CS film at 100x
magnification; (d) 1G-0.02ESM/CS film at 100x mdgration; (e) 2G-0.02ESM/CS
film at 100x magnification.

Figure 4: Degradation rate of CS (1) and ESM/Cadk-5) films in lysozyme/PBS
solution. (a) The CS and blend films were immersed mg/mL lysozyme/PBS for
different time (1, 2 and 3 days). 1. CS film; 2: -0®1 ESM/CS film; 3:
2G-0.01ESM/CS film; 4: 1G-0.02ESM/CS film; 5: 2@RESM/CS film.

Figure 5: Dressing pH of CS and blend films.

Figure 6: The wound fluid absorption rate (A) atda@rptive capacity (B) of BSA of
CS and blend films.

Figure 7: Graphical representation of OD measurésnierEscherichia coli (A) and
Saphylococcus aureus (B) after 24 h incubation.
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S.No. Sample code Glycerol (%)  ESM powder (g/mlL)
1 CS 0 0
2 1G-0ESM/CS 1 0
3 2G-0ESM/CS 2 0
4 0G-0.01ESM/CS 0 0.01
5 1G-0.01ESM/CS 1 0.01
6 2G-0.01ESM/CS 2 0.01
& 0G-0.02ESM/CS 0 0.02
8 1G-0.02ESM/CS 1 0.02
4 2G-0.02ESM/CS 2 0.02

10 0G-0.03ESM/CS 0 0.03
11 1G-0.03ESM/CS 1 0.03
12 2G-0.03ESM/CS 2 0.03




Sample code

Mass of different position

Mass of the same position Thickness

of the same film ( mg ) of different film (mg) (mm)
1G-0.01ESM/CS 2.73+£0.06 11.8 +0.53 0.17 £0.07
2G-0.01ESM/CS 2°3% 0221 13.3+£0.10 0.24 +0.03
1G-0.02ESM/CS 34+£020 15.33+1.07 0.19+£1.00
2G-0.02ESM/CS 3372023 14.47 £0.97 0.23£0.02






