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The performance of zinc-rich coatings, widely used as primers for cathodic protection
of steel structures against corrosion, depends on their zinc content in the dry film.
This study aimed to optimize the method for measuring zinc content in zinc-rich
epoxy-polyamide coatings using Differential Scanning Calorimetry (DSC) in
accordance with ASTM D6580. Two coatings with zinc contents of 80% and 85% by
weight were prepared, and sampling methods from the dry coating film (scraping-
grinding from glass vs. free-film detached from polypropylene surface) were
investigated as key factors. The measured zinc contents for the 85 % coating were
85.01 and 78.78 % for the free-film and ground powder methods, respectively, while
for the 80% coating, the values were 80.19 and 73.70 %, respectively. Results from
free-film samples showed lower standard deviation and were closer to the actual
formulation values. This discrepancy was mainly attributed to the settling of zinc
particles, oxidation probability, and the inhomogeneity of the samples selected for
DSC testing. Therefore, using free films is recommended for measuring zinc content
via DSC analysis.
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5. Cathodic Protection
6. Adhesion

7. Abrasion Resistance
8. Flexibility

9. Cracking

10. Delamination
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1. Corrosion inhibitors

2. Zinc

3. Zinc rich coatings

4. Critical pigment volume concentration
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Table 1: Comparative analysis of methods for measuring zinc content in zinc-rich coatings (6-12).
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Accuracy

Sensitivity

Limitations

Cost

Analysis Time

Calibration Required

Field Usability

Related Standard

High (direct, based on
melting enthalpy)

Good (depends on sample

purity and homogeneity)

Requires homogeneous
sampling, sensitive to
oxidation

Moderate (equipment,
consumables)

30-60 minutes
(preparation + analysis)

Yes (with standard zinc)

No (laboratory-based)

ASTM D6580

Medium to high (depends
on calibration)

Good (non-destructive,
surface analysis)

Dependent on film
thickness and matrix, it
requires specific
calibration
High (instrument purchase,
maintenance)

1-5 minutes (non-
destructive, fast)

Yes (essential for each
coating type)

Yes (portable devices
available)

1SO 3497, ASTM D5682

Medium (susceptible to

human error)

Good (depends on operator

skill)

Time-consuming, requires

chemical digestion,
volumetric error

Low (inexpensive
chemicals)

2—4 hours (digestion +
titration)

No (absolute method)

No (requires chemical
laboratory)

ASTM D521, ISO 13858

High (high sensitivity, low

systematic error)

Very high (capable of
ppm-level detection)

Requires sample digestion,

expensive equipment,
skilled operator

Very high (instrument,
specialty gases,
maintenance)

1-2 hours (digestion +
analysis)

Yes (with reference
standards)

No (laboratory-based)

ASTM D3335, ISO 8288
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1. Differential scanning calorimetry
2. Zinc Dust

3. Bisphenol-A Epoxy Resin

4. Polyamide

5. Versamid 125

6. Curing Agent
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Table 2: Technical Specifications of the Zinc Powder Used.
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Trade Name
Particle Shape
Total Zinc Content
Metallic Zinc Content
Bulk Density (g/cm?)

True Density (g/cm?3)

Particle Size Distribution (PSD)

Specific Surface Area (m?/g)

Zinc Dust Pars
Spherical
> 95 %
>92 %
2.8-3.2

7.14

D10: 2.1 pm

D50: 5.3 ym

D90: 8.7 um
Range: 1-12 um

25-35

Scanning Electron Microscopy (SEM)
ASTM D521
ASTM D6580 (DSC) — This study
1SO 697

ASTM D4781

Laser Diffraction (1ISO 13320)

1SO 9277
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. Xylene

. n-Butanol

. Methyl Isobutyl Ketone

. Bentonite

. Anti-settling

. Wetting and dispersing additive
7. Anti-foaming

8. Fumed Silica

9. Rheology Modifier

10. Zinc-Rich Epoxy Polyamide Primer
11. Galanic protector

12. Control evaporation

13. Rheology modifier
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Table 3: Formulation of a zinc-rich epoxy-polyamide primer with 80 and 85 % zinc content.

Components Component A
Epoxy resin 10.00
Zinc powder 141.00
Polyamide (Versamid 125) -
Solvent mixture 65.00
Bentonite 0.32
Fumed Silica (Aerosil 200) 0.16
BYK-110 0.13
BYK-066N —
Sum 216.60

zinc-rich epoxy-polyamide primer with 85 %

zinc content

zinc-rich epoxy-polyamide primer with 80
% zinc content

Component B Component A Component B
- 10.00 -
- 99.50 -
57.00 - 57.00
24.50 47.10 24.50
- 0.32 -
- 0.16 -
- 0.13 -
0.20 _ 0.20
81.70 157.2 81.70

Component A: Epoxy + zinc powder + additives
Component B: Polyamide curing agent
Mixing Ratio: 4 parts A to 1 part B for preparation and application.
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Zinc-rich 85 %

Zinc-rich 80 %

Figure 1: Image of the mixing stage for epoxy paints (a) containing 85%, and (b) 80% zinc.
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Figure 2: Image of applied films on (a) glass, and (b) polypropylene substrates after one week of ambient temperature cure.
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Figure 3: Scraping and removal of the zinc-rich coating from the glass surface.

PAV-YAD (F(1E-£) 14 /55 59U 9 pole pole & pabi



FAS

o Jl 0 3Ll b (59 I (AL S 93l S yiudigs )3 59 Blgizxe 5 paF 01Ny (bdine /(5 Mo SIUD 9 YLEL (Al Suc jzuw

(DGt 52 595 32 Slsime

(P eisgs o 28lg 55, 198 Slgione = Doomr o o X Yoo
D)

e g @bi =Y
o).f..:.]l_f LSU—‘*") BN o)bjl.‘;_..;l S9) Gges LS‘)% DSC u}n)] CJLJ
g ads Jogai o e el ool ool Lid FSE o oS
Sade cpl jlas cl 0,85 5 o5 Vo VIV Joleo $YF/F °C ald alais
3l Sl 5 59y o9 Mgl )3 9, SlEe Slewlre sl
adgs gl ool 5550 (59, ;09 (el 0l drles colaiul (g9,
6550310l DSC ol%tws 3l oolaiwl b (g9, 5l (8 (oS5l (6 5]

RO PR WK QLAAAJ I\ Ji»: 089y 0o DSC Q}A)T @L.: W)
Jo5 QAUYE Jolse (FYY °C) ald alads )0 ald jloges ) mlaw
P orods ) daly elul g polie Gl Bl sl 05

| Qo )0 AY/IYE oolaw! 9,90 (59,

Sibgy Sl 5| ol 109; (53 0aplonil DSC (3051 b
4 JLu 39 489y JO9= S—o )y AD szl—" S MT(}J_‘SM.SSJ|
LSALQJ Ls‘)—' UB_A)T U"‘ FLI ;b L ﬁ)y Gl 0l o0l uLwJ
Land G55 F Jaaz 5o Jols mls g 150 4 e s dadigel
5% b oS logn bl 1ol old )00 4 45 (59, 509
a5l e O30y S Gaizmed el sad eols Glas ¥ Sl
sl 00 u.,)bf() de} L )|)S.’ 4..1]4

Sl Gidigy (0,5 Pl 5l Jol> 5093 DSC (35051 s
A_a.AT Ls_L_LS“‘S}J W}J DSC usﬁ)T c:l.u sl 00 00l ULM.:
s 51 olT Wld g0 4 a5 (59, j09 duoy0 Ar (ool St
Ot el 00l ools Las A UK ol ousS g
ol 00 )TV Jgaz 50 585 4 se a5l e (903] @
ol oI35 A Jaaz 10 aods Ojg0 4y Slwle ol (piores

1. Standard zinc
2. Fusion

ows jl i Jol> Slaidg )3 59, S5 dmlre sl n
Mettler-Toledo :0us;L &5, <Module DSC 822e Jaw) DSC
L g 59y ol o Kok Wdiged oub oolaiw! (GmbH
g9 Slod 1085 )18 5 Sygo 4 bS5l asliy
Ae°C/min g5 LFTO CC L YY. 5l ile,S YV °C

e solos DSC 93] plxl ey aS il S5 4 a3y
Lo S 5 aide p e B0 (23 b alls G398 0l 0o
D4 (65 sl YV-—FYD °C sles eogums o 5l JwlusT sl

a0, UST sl g5, (s4iges Lawgs DSC ol la]
A Ly gsllas a5 o s gl o850 5l alls o laibel s,
Blas oeds Uy o8 US54 g9, ASTM DB580 o ulics!
oS 133,50,mallS (gl ikl (g, ol 51 08 Aoy 39,394
93 Lo, o oolai_wl FYO L5 YV °C o090 ,0 DSC
o=l 1= DSC jlosliil L )5 52 J55 o oddis S0l
Laled 5 59, o9 amlre Gl gz e Jlade Glsie @ (Al s,
330 59y 05 (ool L 28, )5 4 laids 9 (59, slyione
oo lawgi (59 5l (=6 Tl Kty el jo oolatul
A (6 S o3l Voakaly sl eolaiwl b edgase (e ;0 DSC

(1) S35 yo32 Losls= 3= X 100 M)

6l 00 (s pSo3lal T gd sle,F e X calally ol o a5
9y adai l logas py Solus) £)5 5 oo > 2 595 332
slo,S Jaas Y 5 (DSC 5l J—ol> (End) oL akais b (Onset)
5 2 Joe e 3kl (555 09 (sl 0ad 6 S o3Il g3
(DSC 3l Jool> Lk atdads s £4,0 alads 5l jloges 5 Coluws)
A

g 03bolwFosboandl ;> Age 18 (g, (Slg—ize aalsl o
9y w95 gadais 10 653 s odgama ;o i O3] Wb digal
piY sl dlin S0Ss Ll 5 wye,8 Al (FYA-FY - °C)
Sl Caws 4 ¥ by, Gllas b jidgs 10 (59, ;09 o y0 0

(1) Ginbsy 5 S35 o3 Slgioms = =X 100 )

EWPON; oud);o}lxl —gd dL&; )‘..\._8.4 Z ‘d.]a.g‘) C)—i‘ 59 aS
OO oy Ve anazgi bl 08 5 95 e (GD50)

L o idg 5o (28ly 59, lgiome oliiul 0,50 (55, 100 o5l
..\;b)f C)Lo‘ Y AJa.tl) )| o.)Lé:....;‘

YA-YAD F(1E:8) 18 /55) 69U 9 pgle (ole a3 uiss



e Il 03wl b (59, )l (& (S 9l (S Yiaibigs 1S (59 Slgizo (5 a5 015N Yy (Hbding /15 pbakio SIUB 9 YLEL lSue j=uw rq.

005 Sl g bl 5l (595 39 e yd AD (gl i ael (- Sl (g )3 (59, y09 (Slgime IF Jguar
Table 4: Zinc content in the scraped and milled dried epoxy-polyamide coating containing 85 % zinc powder.

- Samp(lnig\)/elght The area under the DSC peak. Zinc content (%) Zinc content af(t(;or)purlty revision

5.12 422.1 78.18

2 3.80 4222 78.43

3 4.66 422.1 78.22
Average

72.59 78.68

72.82 78.93

72.63 78.72
78.78 £0.10

ST ks g0 4 (59, 09 Moy AD (sol> S aal (- Sl (e 40 S99 Slgie 18 Jeu

Table 5: Zinc content in the free-film of epoxy-polyamide coating containing 85 % zinc powder.

Sample weight Peak point The area under the DSC Zinc content (%) Zinc content after purity
mg peak. revision (%

3.93 423.0 86.03

2 4.87 423.1 83.90

3 4.56 4231 83.51
Average

79.88 86.58

77.9 84.44

77.54 84.04
85.01 +1.37

35 Pl g et 5l 595 99 ey Ar (gl Sis aal Sl g )0 59y 09 Sl F Jguar

Table 6: Zinc content in the scraped and milled dried epoxy-polyamide coating containing 80 % zinc powder.

Sample weight Peak point The area under the DSC Zinc content (%) Zinc content after purity
(mg) peak. revision (%)

5.21 423.6 70.72

2 4.69 423.6 75.91

3 4.32 4236 73.05
Average

ST ek Sy 4 (59, 509 Sy A (gl Kt sl (L oS!

65.66 71.17

70.48 76.40

67.83 73.52
73.70 £ 2.62

Sg )0 S3y 09 Slgme ¥ Jeu

Table 7: Zinc content in the free-film of epoxy-polyamide coating containing 80 % zinc powder.

Sample weight The area under the o Zinc content after purity revision

3.48 424.3 79.73 74.03 80.24

2 4.35 423.9 79.98 74.26 80.49

3 3.98 424.1 79.32 73.64 79.83
Average 80.19 £ 0.33

1595 5 s el (i Syl GRdigy )0 (53, Sl 6 xSl s aSdS A Jgus
Table 8: Summary of zinc content measurements in zinc-rich epoxy-polyamide coating.

Scraped and milled dried epoxy-polyamide coating containing 85% zinc powder 78.78 £0.10
Free-film of epoxy-polyamide coating containing 85% zinc powder 85.01 +1.37
Scraped and milled dried epoxy-polyamide coating containing 80% zinc powder 73.70 £ 2.62
Free-film of epoxy-polyamide coating containing 80% zinc powder 80.19 £0.33
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DSC /(mW/mg) Flow /(ml/min)
Complex Peak:
04 T exo Area:  -107.7 Jig
Peak: 424.4°C
Onset: 420.6 °C F250.0
End: 4254 °C
-1 Width 3.7 °C(37.000 %)
4
2] F200.0
=1 L 150.0
4]
F100.0
_5 4
e —
-6 w b 50.0
-7
F0.0

370.0 380.0 390.0 400.0 410.0 420.0 430.0
Temperature /°C

Figure 4: DSC calibration results using a standard zinc sample.
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Figure 5: DSC analysis of pure zinc powder.
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DSC /(mW/mg) Complex Peak:  Flow /(ml/min)
Area:  -78.18 J/g
T exo Peak: 422.1°C
Onset: 4186 °C
End:  426.2°C 250.0
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Figure 6: DSC analysis of scraped-milled powder from dry 85% zinc-rich epoxy-polyamide coating.
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Figure 7: DSC analysis of free-film of 85% zinc-rich epoxy-polyamide coating.
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DSC /(mW/mg) Complex Peak:  Flow /(ml/min)
Area -70.72 Jig
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Onset: 419.56°C
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Figure 8: DSC analysis of scraped-milled powder from dry 80% zinc-rich epoxy-polyamide coating.
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Figure 9: DSC analysis of free-film of 80% zinc-rich epoxy-polyamide coating.
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1. Segregation
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