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- Highlights:

v The study examined how maleic rosin ethermand alkydresin influence
the physicochemical properties of nitrocellulose adhesives.

v Optimal binder ratios were determined to improveyfilm durability and
adhesion performance.

v" Adhesive samples were subjected 0 thermal-humidity cycling tests
following the TCVN 7699-2-30:2007 standard.

- Abstract: Protective adhesive coatings areycritical for stabilizing black
powder charges in humid tropicalielimates. In this study, we investigated the effects of
maleic rosin ether and alkyd resin, additives«on the properties of nitrocellulose
adhesives. Initially, maleic rosinuwether,was incorporated at varying concentrations
(10% - 20% relative to the, mass, of nitroeellulose NC1/4) to determine the optimal
ratio for enhancingyadhesiony Theteptimal concentration of maleic rosin ether was
determined to be,15%; which resultedrin desirable adhesive properties. Based on the
optimal maleic rosin ether, concentration of 15%, alkyd resin was subsequently added
at concentrations, ranging frem‘5% to 20% to evaluate its contribution to adhesive
properties. The, incerporation of 13% alkyd resin significantly improved film
performanceenhancing viscosity, non-volatile content, drying time, and adhesion
strength. Specificallyythe prepared adhesives were directly applied to black powder
chargeshand evaluated under cyclic thermal-humidity conditions in accordance with
the TCVN, 7699-2-30:2007 standard. Among the tested formulations, the adhesive
containing 15% maleic rosin ether and 13% alkyd resin exhibited superior
performance, demonstrating excellent resistance to moisture and temperature
fluctuations. These findings underscore its potential as a highly effective protective
coating for use in tropical climate environments. These results highlight its potential
as a highly effective protective coating for applications in tropical climates.

- Keywords: Protective coating, film performance; nitrocellulose adhesive;
maleic rosin ether; alkyd resin binders.
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1. INTRODUCTION

Vietnam is located in a tropical monsoon climate zone, characterized by high
humidity, significant temperature fluctuations, and prolonged cycles of harsh weather
conditions throughout the year. These environmental factors severely affect the
stability of explosive materials, particularly hygroscopic components such as black
powder [1]. In the structure of the B41M delay detonator, commonly deployed device
in the armed forces, the black powder charge plays an important role in determining
the delay time and ensuring precise activation. However, due to its strong moisture
absorption capacity, black powder tends to crystallize salts upon exposure to ambient
humidity, leading to reduced combustion efficiency, deviation in_detonation timing,
and even spontaneous ignition, posing serious risks during storage and use [2].

To address this issue, applying a moisture-resistant protective adhesive layer
onto the black powder charge has proven effective in isolating the explosive material
from humidity, while also stabilizing the surfaceg,enhancingmadhesion, and
supporting packaging and storage processes {3]. Among these adhesives,
nitrocellulose adhesive stands out for its rapid film formation;,high gloss, and strong
adhesion to various substrates [4,5]. Neverthéeless, under tropical,monsoon climate
conditions, nitrocellulose-based adhesives: still exhibit [imitations such as poor
thermal and humidity resistance, susceptibility® to “aging, delamination, and
morphological instability over time [6]:

To overcome these drawbacks, a_ promising, research direction involves
incorporating functional additives,into'the adhesive to improve performance. Among
these, maleic rosin ether servestas aubinder, capable of enhancing molecular
interactions, improving_elasticity, and, adhesion, and maintaining film flexibility
while minimizing cracking under thermal-humidity stress [7]. Additionally, alkyd
resin acts as a high-gloss film-ferming agent, contributing to water resistance,
morphological stability, and improved mechanical durability of the adhesive layer
[8-10]. However, te datey no systematic studies have been conducted to specifically
evaluate theweffectsyof ‘these’ components on the properties of nitrocellulose
adhesives under. tropicalimonsoon conditions in Vietnam.

Therefore, mythis research, we investigate the effects of maleic rosin ether and
alkyd resin binders on,the physicochemical properties of nitrocellulose adhesives for
black pewder charge protection under tropical monsoon conditions. Initially, maleic
rosin etherwas incorporated at varying percentages (10%, 12.5%, 15%, 17.5%, and
20% relative to ' NC1/4 mass) to determine the optimal ratio for enhancing adhesive
performance. Subsequently, the influence of alkyd resin was evaluated at
percentages of 5%, 9%, 13%, 17%, and 20% to assess its contribution to film
formation and durability. To evaluate applicability, adhesive samples were directly
coated onto black powder charges and subjected to cyclic thermal-humidity testing
in accordance with the TCVN 7699-2-30:2007 standard. The results of this study
demonstrate the resistance of the formulated adhesive film under tropical monsoon
climate conditions typical of Vietnam, thereby identifying an optimized adhesive
with long-term stability and effective protective performance for practical use.
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2. MATERIALS AND METHODS
2.1 Chemicals

Nitrocellulose NC1/4 ([CsH;02(ONO2)s]n, Thailand) with 11.5-12.2%
nitrogen and 18-25 s viscosity, Dibutyl phthalate (DBP, C1sH2,04, Singapore) with
purity > 98%, butyl acetate (CgH120,, Singapore) and xylene (CgHs(CHs3),,
Singapore,) ethyl acetate (C4HsO,, China), maleic resin M1103 (Vietnam), alkyd
resin QA-111-60 (China), Isopropyl alcohol (IPA; (CH3),CHOH, Taiwan), methyl
isobutyl ketone (MIBK; CgH1,0, South Korea), and Additive 2020 - silicone-based
defoamer (Germany) were used without further purification.

2.2 Preparation of nitrocellulose adhesive

In this experiment, nitrocellulose adhesive was formulated.to investigate the effect
of maleic rosin ether binder on the adhesive’s properties. The{solvent was prepared with
a fixed total mass of 500 g, consisting of the following components:xylene (38%), butyl
acetate (38%), isopropyl alcohol (IPA, 2.5%), methylfisobutyl ketone (MIBK, 2.5%),
and ethyl acetate (19%). The solvents were sequentially,added to a beaker and gently
stirred for 10 minutes to ensure homogeneity, then sealed toiminimize evaporation.

Modified maleic resin was subsequently added to'the salvent mixture at varying
percentages 10%, 12.5%, 15%, 17.5%, and 20%, relative to,the mass of nitrocellulose
type NC1/4, corresponding to sample$ M1 through M5 as shown in Table 1. The
mixture was stirred thoroughly to ensure proper dispersion. Nitrocellulose (NC1/4) was
then added according to the specified mass‘for each sample. Stirring was maintained at
300 rpm for 3060 minutes until themitrocellulose,was completely dissolved, forming a
clear, homogeneous solution freewf sediment orturbidity.

Once the solution reachedya stable state, functional additives were introduced,
including 2.5 g of Additive 2020 and,a corresponding amount of plasticizer DBP (36%
of the NC1/4 mass). The mixture,wasfurther stirred for 30 minutes to enhance gloss,
reduce air bubblespandimprove ¢coating uniformity. Upon completion, the adhesive
mixture was sealed and,left undisturbed for 72 hours to stabilize the dispersion structure.
After this _period, theyadhesive was inspected and confirmed to be transparent, non-
stratified, andyfreeiof precipitation, meeting stability requirements prior to storage in a
dry, well-ventilated area away from direct sunlight and high heat sources.

Table'2. Compasition of nitrocellulose adhesive samples with varying percentages
of modified maleic resin

Modified
Maleic Modified .
Srz]a;nng)ée resin (% maleic N?§/4 DBP () ,g\g;(;tév)e Soév;z nt
relative to resin (g) g g g
NC1/4)
M1 10.0% 9.932 99.315 | 35.753 2.5 352.5
M2 12.5% 12.205 97.643 | 35.152 2.5 352.5
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M3 15.0% 14.404 96.026 | 34.570 2.5 352.5
M4 17.5% 16.531 94.463 | 34.007 2.5 352.5
M5 20.0% 18.590 92.949 | 33.462 2.5 352.5

2.3 Preparation of nitrocellulose adhesive with varying percentages of
alkyd resin

Following the experiment investigating the effect of modified maleic resin on
the properties of nitrocellulose adhesive, a second experiment was conducted to
evaluate the role of alkyd resin when incorporated into an adhesive with a fixed
percentage of modified maleic resin. In this experiment, formulation M3 from the
previous study, containing 15% modified maleic resin relative ‘te. the mass of
nitrocellulose type NC1/4 was selected as the base fermulation. “Ehe solvent,
plasticizer DBP, Additive 2020, and nitrocellulose NC1/4 were kept consistent with
those in sample M3 (Table 1).

Based on this foundation, alkyd resin was added-at varying percentages of 5%,
9%, 13%, 17%, and 20% relative to the massf N€1/4,‘resulting,in samples M3-1,
M3-2, M3-3, M3-4, and M3-5, respectively, as detailedin Table 2. To ensure
uniformity and accurate comparison betweenisamples, the solvent was adjusted to
maintain consistent viscosity and selid content across “formulations. After the
addition of alkyd resin, the mixture‘was stirred thoreughly for 30—60 minutes until a
clear, homogeneous solution was obtained, free of sediment or phase separation.The
adhesive samples were then sealedyand left undisturbed for 72 hours to stabilize the
dispersion structure prior to-evaluation,of theirgphysical and mechanical properties.

Table 2. Composition ofnitrocellulose.adhesive samples with varying percentages
of alkyd resin

Alkyd
. -
Sample reslln .( /0 Alkyd NC1/4 MOdI'f! ed DBP | Additive | Solvent
name relative, | wresin ©) maleic ©) 2020 (q) )
to (9) resin (g)
NC1/4)
M3-1 5% 4801 | 96.026 | 14.404 | 34.570 2.5 352.5
M3-2 9% 8.642 | 96.026 | 14.404 | 34.570 2.5 352.5
M3-3 13% 12.483 | 96.026 | 14.404 | 34.570 2.5 352.5
M3-4 17% 16.324 | 96.026 | 14.404 | 34.570 2.5 352.5
M3-5 20% 19.205 | 96.026 | 14.404 | 34.570 2.5 352.5

2.4 Characterization of nitrocellulose adhesive performance

The quality assessment of the formulated nitrocellulose adhesive was
conducted in accordance with Russian Technical Standard TU 6-10-1293-78.
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A 50 mL sample of adhesive was poured into a 100 mL glass cylinder and
observed under diffused daylight to evaluate clarity, homogeneity, sedimentation,
turbidity, and phase separation.

Color comparison using the iodine scale was performed according to GOST
19266-73 [11]. The test sample and reference standard were placed side by side on a
white background under diffused light to assess the degree of oxidation and purity of
the adhesive.

Viscosity of the adhesive samples was determined following GOST 8420-74
[12] using the BZ-1 viscometer. The adhesive was poured into the)funnel, and the
flow time through the nozzle was measured using a stopwatch. Each test was
repeated three times, and viscosity was calculated using the formula: X =t x K,
where t is the average flow time and K is the instrument constant.

The non-volatile content of the adhesive was measuredgaccording to GOST
17537-72 [13]. Adhesive samples (1-2 g) were dried at(105 + 2)°C for 3 hours,
cooled, and reweighed. The non-volatile contentawas calculated based on the weight
difference before and after drying. Results mere averaged from,parallel samples,
with an allowable error not exceeding 1%, rounded to'@ne deeimal place.

Acid value determination was carried outiusing Method B of GOST 23955-80
[14] to quantify free acid content via neutralizatiomwith 0.01 N KOH solution. A 25
g adhesive sample was dissolved 10,50 mL of hot'water, shaken thoroughly, and
allowed to settle for 2-3 hours:"A 10°mL portion of the lower aqueous layer was
titrated using phenolphthalein as anyindicator. Acid value was calculated using the
residual titration formula, with results,averaged from three samples and an error
margin not exceeding 0,05:

Drying time topgrade 3 was measured according to GOST 19007-73, when the
adhesive film is'mo longer tacky'but not fully cured [15]. The adhesive was applied
to three glass platesyat a‘eoating rate of 100-120 g/m? and placed in a controlled
chamber at (20 #32)°Cyand (65 + 5)% relative humidity for 1 hour. Adhesion was
testeddoy*placing,a sheet of paper, a rubber pad, and a 200 g weight on the surface,
then droppingathem, from a height of 28-32 mm. If the paper did not adhere after
impact, the sample was considered to meet grade 3 drying. The result was confirmed
if at leastitwo out of three samples passed the test.

Adheston between fabric and wood was evaluated according to TY 6-10-1293-
78 [16]. Adhesion strength was assessed via peel tests between AM-100 cotton
fabric and BC-1 plywood coated with adhesive. Each sample consisted of four
adhesive layers (< 700 g/m?), with the fabric applied after the third layer and dried
for 24 hours at (20 £ 2)°C. After stabilization, the sample was cut into six sections,
with 15 mm of excess fabric peeled back and mounted on the testing device. The
grip moved at a speed of 90-110 mm/min, and the peel force was recorded.
Adhesion strength was calculated using the formula: X, = (P / a) x 1000, where P is
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the peel force (kg) and a is the sample width (mm). The final result was the average
of six test samples, ensuring reliability in accordance with the standard.

2.5 Cyclic thermal-humidity testing on black powder charges

This experiment was conducted to evaluate the protective capability of the
formulated nitrocellulose adhesive film on black powder charges under humid
conditions and fluctuating temperature cycles. The testing procedure followed the
national standard TCVN 7699-2-30:2007 on thermal-humidity stability. The
temperature was cycled between 25°C and 55°C, with relative humidity maintained
at 95-100%. Ramp rates followed standard protocol (typically 1-32€/min), and each
cycle included hold times of 6 hours at peak temperature and¢humidity. Initially,
black powder charge samples coated with the adhesive film were subjected to cyclic
thermal-humidity testing to assess material stability under harsh environmental
conditions. The test was performed in a sealed chamber under ambient temperature
and high humidity. Each cycle lasted 24 hours and was repeated continuously over
six days, corresponding to six consecutive cycles. Throughout the testing period, the
samples were periodically monitored to record, changes “in, appearance, color,
adhesion, and long-term protective effectiveness ofithe adhesivefilm on the black
powder charges.

3. RESULTS

3.1 Effects of modified maleic resin percentage on the properties of the
nitrocellulose adhesives

This study was conddcted. to evaluate, the influence of modified maleic resin,
an ether-type binder on the technical,properties of nitrocellulose adhesive. The resin
was incorporated into the'solvent. mixture at varying percentages of 10%, 12.5%,
15%, 17.5%, and20% relativeito the mass of nitrocellulose type NC1/4,
corresponding to'samples M1, M2, M3, M4, and M5.

Tablen3. Technicalyperformance results of nitrocellulose adhesive samples
(M1-M5) comparedywith AK20 and required specifications

Technical Required | AK20
M1 M2 M3 M4 M5 specifica-
parameter tion
Clear, Clear, Clear, Clear, Clear, Clear, Clear,
homoge- | homogen- | homoge- | homoge- | homoge- | homoge- | homoge-
Appearance
neous eous neous neous neous neous neous
liquid liquid liquid liquid liquid liquid liquid
Color (lodine
scale, mg 1./100 | Lighter Lighter Lighter | Lighter | Lighter <1400 1000
mL)
viscosity BZ1 | g9 .1 | 7541 | 7241 | 68+1 | 65+1 | 6080 | 71
funnel, 20°C, s)
Nonvolatile 28.4 28.8 29.0 29.6 30.2 2831 29
content (%) + 0,05 +0,05 +0,05 +0,05 + 0,05
Acid value (mg 0.14 0.13 0.13 0.12 0.12 <0.5 0.2
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Technical Required | AK20
M1 M2 M3 M4 M5 specifica-
parameter tion
KOH/qg) +0,001 | £0,001 | £0,001 | £0,001 | +£0,001
Grade 3 drying 35 28.35 22.35 18.35 1535+ <60 36
time (min) +0,5 +0,5 +0,5 +0,5 0,5 -
Fabricwood 910 1125 1340 1525 1690
adhesion +10 +15 + 15 +15 +20 >850 700
strength (N/m) B B B B B

Table 3 presents the results of characterization evaluations for nitrocellulose
adhesive samples M1 through M5, formulated with modified maleic resin
percentages ranging from 10% to 20%.

M3 M4 M5
4
Wsr charges coated with adhesive samples M1-M5:
and (b) after six thermal-humidity cycles

humid tropical ¢ y applying them to black powder charges and subjecting them
i mal-humidity cycles per TCVN 7699-2-30:2007. Figure 1 shows
the coated ek powder charges before and after testing.The results indicate that
samples M1, M2, and M3 maintained their transparency and gloss after six cycles,
with no signs of discoloration or surface degradation, as illustrated in Figure 1(b).

Figure 1.

Based on prior results, sample M3 (15% modified maleic resin) was chosen to
study the effect of alkyd resin content on nitrocellulose adhesive properties. Five
variants (M3-1 to M3-5) were prepared with 5-20% alkyd resin and evaluated for
appearance, color, viscosity, non-volatile content, acid value, drying time, and
fabric-to-wood adhesion. The results for samples M3-1 through M3-5 are
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summarized in Table 4, alongside the required technical specifications to ensure

practical applicability.
Table 4. Table of technical performance results for nitrocellulose adhesive samples
M3-1 to M3-5
. Required
Technical | oy | M32 | M33 | M34 | M35 | specifica-
parameter tion
Clear, Clear, Clear, Clear, Clear, Clear,
Appearance homoge- | homoge- | homoge- | homoge- | homoge- | homoge-
neous neous neous neous neous neous
liquid liquid liquid liquid lquid liquid
Color
(lodine 800 900 980 1100 1280, | <1400
scale, mg
1./100 mL)
Viscosity
BZL ) 2941 | 7841 | 76+@ | 75%1 N73+1 | 60-80
funnel,
20°C, s)
Non-
: 29.0 29.1 29.2 29.3 29.4
volatile 1 05 | +005 [W£@05 | 005 | +005 | 231
content (%)
Ac'fm";'”e 025 | 028 [%.0.30 0.32 0.35 <05
KOHI/g) + 0,001 0,001 +0,001 | £0,001 | +0,001
Grade 3
drying time | 24+0,5,| 27+0;5 | 29+05 | 32+05 | 35+0,5 <60
(min)
Fabric—
wood
: 1360 1580+ | 1810+ 2050 2300
adnesion 95 15 20 £20 | +20 | =8
strength
(N/m)

Journal of Tropical Science and Engineering, Vol. X, Issue X, XX - 2026



Scientific and Technological Research

M3-1 M3-2 M3-3 M3-4 M4-5

N}/e samples M3-1 to
al-humidity cycles

e influence of modified maleic resin,
re subjected to cyclic thermal-humidity
their practical applicability under the

Figure 2. Images of black powder charges
M3-5: (a) before and (b)after six

Continuing the investigatio
adhesive samples M3-1 throu
testing on black powder
tropical monsoon clima
with TCVN 7699-2-30:

continuously over six cycles.Fi shows images of black powder charges coated
with adhesive SW& t efore and after six thermal-humidity cycles.

‘L‘ 2 . i ,,_‘A ‘

Figure 3. Images of five black powder charges coated with adhesive sample M3-3:
(@) before and (b) after 10 thermal-humidity cycles
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To further investigate the protective capability of adhesive sample M3-3 under
practical conditions, the research team conducted an extended thermal-humidity test
over 10 consecutive cycles on five black powder charges. Figure 3 presents the
visual comparison of the coated M3-3 samples before and after undergoing 10
thermal-humidity cycles.

4. DISCUSSION

4.1 Effects of modified maleic resin percentage on the properties of the
nitrocellulose adhesives

The results listed in Table 3 indicate that the effective dispersion of
nitrocellulose within the solvent containing modified maleic resin.xThe color of all
adhesive samples was lighter than the standard threshold onfthe iodinescale (< 1400
mg 1-/100 mL), indicating high purity and no signs of oxidation or impurities that
could affect the clarity of the adhesives. Comparedswith AK20 (2000 mg 1./100
mL), all M1-M5 samples showed lighter color, confirming higher purity than the
industrial reference adhesive. Regarding BZ1 _funnel viseosityyat 20°C, all samples
fell within the acceptable range (60-80 seeconds).“However, viscosity tended to
decrease with lower nitrocellulose NC1/4 content and higher‘modified maleic resin
percentage. This reduction in viscasity is attributed to“a decrease in hydrogen
bonding density due to the redueed nitrocellulose, content, resulting in a looser
network structure within the adhesivesAdditionally, the modified maleic resin, with
its flexible molecular structure and,weaker intermolecular interactions, contributed
to reduced internal friction, making adhesiveymore fluid.

Sample M1 exhibited theshighest wiscosity (78 s), suggesting strong film-
forming capability but potentially pasing challenges in practical application. Sample
M2, with a viseositynof 75 ‘seconds, maintained sufficient consistency while
beginning tesimprove. flexibilityaSample M4, at 68 seconds, was more favorable for
coating and “film=forming processes. Sample M5 had the lowest viscosity (65
seconds), offering. ease®of handling but requiring careful control to ensure film
stability afterodrying. Sample M3, with a moderate viscosity of 72 seconds,
demonstrated a ‘balanced profile between consistency and applicability, making it
suitable for practical use. In comparison, AK20 showed a viscosity of 71 s, which is
lower than M1 and M2 but close to M3. This indicates that M3 most closely matches
AK20 in viscosity, while M4 and M5 are more fluid. The non-volatile content of the
adhesive samples increased with the percentage of modified maleic resin, ranging
from 28.4% (M1) to 30.2% (M5), all within the standard range (28-31%). Sample
M2 reached 28.8%, higher than M1, indicating improved film formation. Sample
M3 achieved 29.0%, near the midpoint of the acceptable range, supporting stable
coating without sedimentation. Sample M4, with 29.6%, continued the upward
trend, reflecting a higher solid content; however, exceeding the threshold—as seen
in M5 (30.2%)—may affect long-term stability and increase material costs. AK20,
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with a non-volatile content of 22%, is significantly lower than all M1-M5 samples.
This highlights that nitrocellulose adhesives formulated with modified maleic resin
provide higher solid content and potentially stronger films compared to AK20. All
adhesive samples exhibited very low acid values, ranging from 0.14 to 0.12 mg
KOH/g, significantly below the technical limit (< 0.5 mg KOH/g). This confirms
that the modified maleic resin does not increase the acidity of the adhesives,
ensuring chemical stability and safety when applied to sensitive substrates such as
wood or fabric. While AK20 showed an acid value of 0.2 mg KOH/g, slightly higher
than M1-M5 but still well below the specification limit. This demonstrates that M1—
M5 adhesives are chemically more stable than AK20.

Grade 3 drying time decreased markedly from M1 (85 minutes) to M5 (15
minutes). Sample M2 dried in 28 minutes, showing a notable improvement over M1
and enhancing operational efficiency. Sample M3 driedyin 22 minutes, offering a
balance between fast drying and sufficient working time. Sample M4, with a drying
time of 18 minutes, approached the lower limit, which“may ‘€omplicate even
spreading or material positioning. Sample4M5 dried very. quickly (15 minutes),
advantageous for rapid production but prone,to application“errors if not properly
controlled. AK20 dried in 36 minutes, slightly“slower than M1 and clearly slower
than M2-M5, showing the modified resin adhesives dry faster and enhance
efficiency.

Notably, the adhesionystrength between fabric and wood increased steadily
from M1 (910 N/m) toM5(1690,N/m), with all samples exceeding the technical
requirement (> 850 N/m). Sample M2, reached 1125 N/m, showing a clear
improvement over“M1 and enhanced bonding performance. Sample M3 achieved
1340 N/m, continuing the upward trend and reaching an ideal level of mechanical
adhesion without reguiring, excessive resin content. Sample M4 reached 1525 N/m,
though its high ‘strength, wasiaccompanied by low viscosity and short drying time,
which®mayshinder application. Sample M5 exhibited the highest adhesion strength
but also presented limitations in application and increased material cost. AK20
showed, 700 N/mwood-fabric adhesion strength, below the requirement and weaker
than all M1-M5; confirming the superior bonding of modified resin adhesives. From
these results,"sample M3 containing 15% modified maleic resin is identified as the
optimal formulation. It demonstrates an ideal balance among viscosity, drying time,
adhesion strength, and chemical stability, fulfilling both technical specifications and
practical adaptability for production and application.

The results and observations in Figure 1 confirm that at modified maleic resin
percentages ranging from 10% to 15%, nitrocellulose adhesive films provide
effective protection against moisture and temperature fluctuations, while preserving
geometric and chemical stability under harsh conditions. Notably, sample M3,
containing 15% modified maleic resin, not only met the technical requirements for
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adhesion strength, drying time, and viscosity. Its ability to retain transparency and
gloss after six testing cycles indicates a stable film structure with minimal
environmental degradation, making it suitable for use as a protective layer on
sensitive materials such as black powder charges during long-term storage or
transport through humid regions. In contrast, samples M4 and M5, with higher
modified maleic resin percentages (17.5% and 20%), began to show discoloration
after thermal-humidity cycling. Sample M4 exhibited a slight yellowing, while M5
showed more pronounced color change, as seen in Figure 1(b). This discoloration is
indicative of oxidation or mild degradation within the film structure, suggesting that
exceeding the optimal resin threshold may compromise film®stability under
prolonged exposure to heat and humidity. Such changes directly affect the aesthetic
quality, reliability, and protective performance of the_ coating, in practical
applications.

Based on these results, it can be concluded that,the “nitrocellulose adhesive
sample containing approximately 15% modified maleic ‘resin (sample M3) is the
optimal choice for protecting black powder charges,.in thermal-humidity
environments. In addition to meeting all technical criteria for strength, drying time,
and viscosity, the M3 film demonstrated dong-term-stability, with no changes in
color or morphology after testing. These results *highlight “‘the potential of this
adhesive formulation for defense and military applications involving moisture-
sensitive materials.

4.2 Effects of alkyd resinypercentage on the properties of nitrocellulose
adhesive M3

In terms of appearance, all adhesive samples from M3-1 to M3-5 exhibited a
clear, homogeneous liquid, form without any signs of phase separation or
precipitation. Thisindicates‘igoodycompatibility between alkyd resin and the
nitrocellulose, asiwell as,the overall stability of the adhesive across the entire studied
percentage range. The iodine scale color of the samples in Table 4 showed a gradual
increase withhigher ‘alkyd “resin percentages: M3-1 recorded 800 mg 1./100 mL,
M3-2«eached 900 mg12/200 mL, M3-3 measured 980 mg 1./100 mL, M3-4 reached
1100 mg 1./100 mk, and M3-5 peaked at 1180 mg 1./100 mL. This increase is
reasonable, given the'naturally pale yellow hue of alkyd resin, which intensifies the
color ofythe adhesives when added in higher amounts. However, all samples
remained withifi the acceptable limit (< 1400 mg 1/100 mL), ensuring product
clarity, particularly important for coatings that must not alter the substrate’s
appearance. The BZ-1 funnel viscosity at 20°C showed a slight downward trend as
alkyd resin percentage increased, from 79 seconds in M3-1 to 73 seconds in M3-5.
This reduction can be attributed to the flexible molecular structure of alkyd resin,
which forms weaker interactions with other components in the adhesive. As alkyd
content increases, the internal network density, especially with nitrocellulose
decreases, leading to reduced internal friction and lower viscosity. Despite this
decline, all values remained within the technical specification range (60 - 80
seconds), ensuring effective application, particularly in coating and film-forming
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processes. The non-volatile content of the adhesive samples also increased slightly
with higher alkyd resin percentages: 29.0% in M3-1, 29.1% in M3-2, 29.2% in M3-
3, 29.3% in M3-4, and 29.4% in M3-5. This increase directly results from the
addition of alkyd resin to the solid phase of the adhesive. These results suggest that
alkyd resin not only contributes to the solid content but also plays a significant role
in enhancing film durability after drying. As a result, the formed adhesive layer
offers improved surface protection, especially under harsh environmental conditions.

The acid value of the samples also showed a gradual increase, from 0.25 mg
KOH/g in M3-1 to 0.30 mg KOH/g in M3-3 and 0.35 mg KOH/g in M3-5. This
trend is consistent with the chemical nature of alkyd resin, which contains weak
acidic functional groups. Nevertheless, all samples remained “well within the
acceptable limit (< 0.5 mg KOH/g), indicating no adversedimpact onjthe chemical
stability of the adhesive. Grade 3 drying time increased with higher alkyd resin
percentages, from 24 minutes in M3-1 to 35 minutespin M3=5."This extension is
primarily due to the slower evaporation rate €of alkyd resin ‘compared to
nitrocellulose solvents, resulting in a delayed cufing processsHowever, the increase
in drying time remains within acceptablé> limits for practical applications.
Furthermore, the adhesion strength between fabric andwoodhincreased significantly
with higher alkyd resin percentages: 1360 N/m, in"M3-1,31580 N/m in M3-2, 1810
N/m in M3-3, 2050 N/m in M3-4, and 2300 N/m in M3-5—all far exceeding the
minimum requirement (> 850 N/m). These resultsyhighlight the effectiveness of
alkyd resin in enhancing the bondingycapability of nitrocellulose adhesive. Alkyd
resin acts as a film-forming agentiand strengthens the interface between different
materials, particularly betweenydissSimilarysubstrates such as fabric and wood.
Among the tested samples, M3-3 demonstrated the most optimal balance between
technical properties and “practical applicability. With 13% alkyd resin, this
formulation achieved, high film durability, effective moisture resistance, and
maintained grade, 3 “drying time within acceptable limits. The significant
improvementyin mechanical and physical properties after curing suggests that
sample M3-3's,a suitable candidate for partical use under tropical conditions.

Figure'2 clearly illustrates the differences in morphological stability of the
adhesive films coeatedion black powder charges before and after exposure to thermal-
humidity, stress. Samples M3-1, M3-2, and M3-3 retained their transparency, gloss,
and showed,no.signs of morphological degradation after six cycles, as observed in
Figure 2(b). These results indicate that with alkyd resin percentages ranging from
5% to 13%, nitrocellulose adhesive films exhibit strong resistance to high humidity
and temperature fluctuations, ensuring effective surface protection in harsh
environments. Notably, sample M3-3 reaffirmed its superior performance, not only
achieving excellent mechanical properties as previously analyzed, but also
maintaining morphological integrity after thermal-humidity testing. This stability
suggests that an alkyd resin percentage of 13% is optimal, providing a balanced
combination of adhesion strength, drying time, moisture resistance, and chemical
stability within the adhesive. In contrast, samples M3-4 and M3-5, when applied to
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black powder charges and subjected to six thermal-humidity cycles, showed signs of
film degradation, including loss of gloss, film sagging, and fiber adhesion, as seen in
Figure 2(b). These phenomena indicate structural breakdown of the adhesive film
when alkyd resin content exceeds the optimal range. Such deterioration
compromises the protective function of the coating under prolonged exposure to heat
and humidity, reducing its reliability in real-world applications.

Futhermore, observations after the 10-cycle test revealed that all M3-3
adhesive films maintained their transparency and gloss, with no signs of
morphological degradation. There were no occurrences of_ film sagging,
delamination, or loss of adhesion, even under prolonged exposure to fluctuating
temperature and humidity. The consistent quality of the adhesivé film throughout the
extended testing period demonstrates the long-term stability®of sample M3-3 in its
role as a protective coating for black powder charges.

These results confirm that M3-3 exhibits outstanding resistance, not only
meeting technical requirements but also ensuring geometri¢ and chemical stability in
harsh environments. In the context of Vietnam’s “tropical, mionsoon climate,
characterized by high humidity and frequent temperatureyvariation, this outcome
affirms M3-3 as a highly promising adhesive solutionifor applications demanding
long-term durability, moisture resistance, and reliability.

5.CONCLUSIONS

This research investigatedithe mfluence of modified maleic resin and alkyd
resin percentages on the technical properties of mitrocellulose adhesives. The results
confirmed that modified maleie,resin plays a pivotal role in improving film
performance. Within the tested range of 10% to 20%, a concentration of 15% was
identified as optimal, yielding,favarable technical parameters: BZ-1 funnel viscosity
at 20°C of 72 seeondsynon-volatile cantent of 29.0%, acid value of 0.13 mg KOH/g,
grade 3 drying time,of 22,minutes;;and fabric-wood adhesion strength of 1340 N/m.

Buildingen. this,formulation, the research further explored the effect of alkyd
resin within the, range of 5% to 20%. A concentration of 13% alkyd resin
demonstrated significant enhancements in film characteristics, including viscosity of
76 seconds, nonsvolatile content of 29.2%, acid value of 0.30 mg KOH/g, grade 3
drying time of 29 minutes, and fabric-wood adhesion strength reaching 1810 N/m.

The adhesive samples were applied to black powder charges and tested under
cyclic thermal-humidity conditions to assess durability in harsh environments.
Among all formulations, sample adhesive M3-3 with 15% modified maleic resin
and 13% alkyd resin-showed outstanding performance. After 10 cycles, the film
remained transparent, glossy, and intact, with no signs of cracking or delamination.
These results confirm its strong resistance to moisture and temperature
fluctuations, making it a promising candidate for protective use in Vietnam’s
tropical monsoon climate.
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