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~ ®wArchitectural Coatings are a significant source of
VOC emissions in California

=about 46 tons/day from water-borne coatings

q
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t 64 tens/day from solvent-born

Source: 2001 ARB Architectural Coatings Survey 2
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=Regulators concerned with amount of VOC
emissions per volume of coating solids deposited

"\When VOC regulations were originally:developed,
no acceptable, recognized standard method for

ﬁmmmg the volume of coating solids was
|
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0 describe the VOC content of coatings, EPA

settled on a measure known as “regulatory VOC”
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Cozltlrig VOC Defirlltors
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ﬁ“fﬂ‘ctuai-\v’ﬁﬁﬁ('or material VOC)

=grams of VOC per unit volume of liquid coating

*Regulatory VOC (or coating VOC)

*For solvent borne coatings, grams of VOC per volume
of coating minus the volume of exempt solvents (if any)

ﬁr water borne coatianCﬁewmuﬂ_‘
fcoati U minus the volume™
Xemp

vents (if any)
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actual VOC =—= e
Lsolids + LVOC
Lcoating = Lsolids + LVOC

regulatory VOC =

gVocC

coating

g VocC

actual VOC =
Lsolids + LVOC + Lwater
—
Lcoating = Lsolids - LVOC _héwater -
Lcoating . Lwater i Lsolids "> LVOC

regulatory VOC =

R —

gVo

coating water
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— Voume_VOC" i
i ! Regulatory per content
s e R e e Y C Water VOC, Liter of g per Liter
Volume( Volume Volume g/L- Liquid of Paint
Paint Liters) (Liters) (Liters) water Paint Solids
1 0.75 0.25 0 250 0.75 333
2 0.625 0.375 0 375 0.625 600
3 0.5 0.5 0 500 0.5 1000
4 0.375 0.625 0 625 0.375 1667 .
[ 0 25 —() 5 0 - 00

7000
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Sohds VOC Water
Volume Volume( Volume(
Paint (Liters) Liters) Liters)

7 0.5 0.5 0
8 0.375 0.375 0.25
9 0.25 0.25 0.5

10 0.125 0.125 0.75

e —
‘ -

Regulatory
VOC,
g/L-
water

500
500
500
500

Volume
per Liter
of
Liquid
Paint

0.5
0.375
0.25
0.125

VOC
content,
g per Liter of

Paint
Solids

1000
1000
1000
1000

il
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H_eflmtlon grams VOUemltted per unlt area
(1.00 m?2) of a hiding film (having a contrast ratio
of 0.98)

= Performance-based measure

= |n equation form,

_actual VOC

where H, 44 is the hiding power, per ASTM D2805

10
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;_:_:_-__,,_-Hlqu ablllty depends on nature and
quantity of pigments, binders and extenders

*Hiding power measurements at one film
thickness can be used to calculate hiding at
any film thickness

family of Coatlngs may be prepared
‘3_ ~ having i lids co n, ana""‘—

ent solids
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Same coating, after adding water
4 mil wet film

Original coating
3 mil wet film

H,0

X X
)

1 mil solids

e solids

S

% volume solid

235

entation ol

epres

ation of 33% volum

epresent
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L igater Aretalfvelumes
' sohds Content—ceverage h|d|ng and VVOC for
- common classes of architectural coatings

= Determine “effective” or “hiding” VOC content of .
architectural coatings

ﬂfﬁulate rand test 20 water-based and 10 E

13



H]d]ng Power

— = H|d|ng Power is défmed as the spreadlngrate In
© m2lL required for full hiding of the substrate

= A coating is considered to have full hiding when its
dry film produces a contrast ratio, C, of 0.98 ~

= C, Is the ratio of the reflectance of a black
substrate to the reflectance of a white substrate,

= R/R,, . -r-m-_:‘
ASTMD 2805.96a "

14
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——:—J—’—___?_'T“R_réﬂeﬁanm'ﬁf film on black surface =
p— = R,y reflectance of f|Im on white surface of reflectance W

= W reflectance of white substrate

= Rjnfreflectivity of a film having the same reflectance over
black and white substrates

= A film area, cm?
= N non-volatile content of paint, expressed as a mass fraction
= D paint density, g/mL

\ weight of film, in grams

= Hp.gg hiding power, m?/L, the spreading rate producing a .
contrast ratio of 0.98

15



Ro, Reflectance over black

Elack Substrate White Substrate

| R 1s reflectance at thickness where R, = R -

e —

. _H, is the experimental spread rate, in m?/L

H, = (film area cm?) x (NVM) x (density g/mL)/10 M

W

NVM = non-volatiles by mass e
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... = Reflectance values for films for each film are measured

e

= The reflectance values then used to calculate R_

= The spread rate H,, in m?/L for the coating on black
glass is measured

= The scattering coefficient, S, can then be calculated
ing R...,,and R, and H, from a film on black glass il

S —

sfficientiand d to calculate the

17



rJJrImg owWer Deterrrirleltor)

——

-____-

% 2805—96%1——-t=1aae—st~andard test method for

~ measuring the hiding power of a coating through

reflectometry.
= BYK-Gardener™ AG-5102 Opacity Charts

= Leneta GB-2a Blacklite™ Black Carrara Glass
= Datacolor Mercury Spectrometer

18
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— Drawdown on Coated Paper Chart e ———
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- ® The coatings we

m o

e ——

C——

-— — —='— =L ——— ____-..__. - e
re prepared m accordance with standard
~ industrial practices.
= Dry pigments were combined with dispersants and other

additives under high shear using a high speed disperser to
produce a pigment grind. -

= The fineness of the grind was then tested using a grind gauge.

= Resin and the remaining ingredients were then added during the ;
own stage under low shear agitati

— i
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: A§!]-M! "D 3924- 89—es£a;131=13-h1n.ga standard for the environment
Eﬂﬁdﬁr which.coatings are conditioned and tested

ASTM D 823-95 Practice E, the standard for producing coating
films of uniform thickness using a hand held blade

= ASTM D 1475-98, the procedure for measuring the den31ty of a
coating

= VOC (Volatile Organic Compounds), Method 24
= NVM (non-volatiles by mass), per ASTM D2805-96a

22
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. Assumptlons cm——

T ——

' — Dry films for each coating within a given family are identical

— Reflectance values, R, W, R, and R, all depend on the nature of
the film from which the readings were taken

— The speeds at which the films are drawn is identical
— The environment in which the films are cured is identical
— Coating contents only vary in the relative. amount of water present

E? each coating _.
”) i—
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Emﬁzﬁﬁﬂ vinyl acry
o fIat 100 36
_ﬂ:"——-?—— -

3 flat 105 39 33
4 flat 7.9 3 35
) flat 8.1 3 34
6 flat 7.8 K} 34

_eggshell ) 33

I!E" &—-hw B a—

_ Water-based Coatings Investigated

e

40
42
42

42

38

~vinyl acrylic EPS 2911

vinyl acrylic EPS 2911
VAE Duravace FT-320
VAE Duravace FT-320

VAE Duravace FT-320

vinyl acrylic Rovace
9900

I —— e - ———- A TS

neph.syn., clay

CaCQO,, clay,
opaque polymer

CaCQO,, clay
neph.syn., clay

CaCO,, clay,
opaque polymer

clay

l--mq 33 33 vinyl acrylic EPS 2911 neph.syn., clay

33 33 VAE Duravace FT-320 clay

10

eggshell

8.2

3

o
-

-~
e

]

24



e = €99 shell
—r—— -
12  eggshell

13 semigloss

14 semigloss
15 semigloss

16 semigloss

i Ioss

19 gloss

20 gloss

0

156

0

62

33

33

33

33

25

25

25

20

20

= clay, opaque

=
o ——

VAE Duravace FT-320  polymer

VAE Duravace FT-320  neph.syn., clay
vinyl acrylic EPS 2911 none

vinyl acrylic EPS 2911 opaque polymer

100% acrylic Rhoplex - —
SG-10M none

100% acrylic Rhoplex

SG-10M opaque polymer

100% acrylic_RhopIex

SG-10M no—ﬁﬁ
-—-!r -

SG-10M ~_opaque polymer

100% acrylic low VOC -

Rhoplex SF-012 none

100% acrylic Rhoplex

HG-700 none

25



23  eggshell 344
24  eggshell 331

25 eggshell 247

26 semigloss 331
27 semigloss 365

30 gloss 207

<

55 60
344 61 50
331 58 50
247 70 49
331 60 40
365 55 35

317

207

59

73

200_.-&-.?..1 EPS 6
|ong onF?s ya a|kyd EPS 6604

13

10

~long oil soya aIkyd EPS 6604
long oil soya alkyd EPS 6604
long oil soya alkyd EPS 6604
long oil soya alkyd EPS 6604

long oil soya alkyd, low VOC
EPS 6611

long oil tofa alkyd Beckosol
10-029

long oil soya alkyd EPS 6604
long oil so

Dextrol OC70

long oil soya alkyd, low VOC
EPS 6611 EPS 6604

- neph.s_yﬁ., _Ca—-CO';i

clay, CaCO,
neph.syn., CaCO,
clay, CaCO,

neph.syn., CaCO,

none

none -

none

none
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<X primary receptor sensitive to red-orange
Y primary receptor sensitive to green
/ primary receptor sensitive to blue

A given color may be represented by a set of (X,Y,Z)
coordinates in color space

20 :
ey | Exa
o 4
540(g 540
n7 <+ b S50
'
0.6 o
A00
- .:I.-| 0 1
1]
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Transformation of XYZ system into “Synthetic Primaries”

e L* luminance (brightness)
*Range: 0 to 100

* a” red-green color axis
*Negative values increasing green
*Positive values increasing red
e b* blue-yellow color axis
- -Negative values increasing blue

*Positive values increasing yellow
* AE color difference

AE =~/(Aa*Y +(Ab*) (AL *Y

T N—
— e
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ARB numbers 21-30 are solvent-based coatings

29



ARB 16 (water-based) ARB 30 (solvent-based)

30



_igw&_.\&(.@) vocC* (actual)

1

o 00 b WODN

10 eggsheH

flat
flat
flat
flat
flat

- 7flat

gl 14 N B
3 om0 T 40

100
100
105
7.9
8.1
7. 8

8.2

36
36
39

3
3
3
3)

5.4

0.6
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—ﬂﬁ:—&n&_.\m.@) VOC’ (actual)

11
12
13
14
15
16

20

eggshell 8.8

eggshell 8.4

semigloss 112

semigloss 117

semigloss 68

semigloss 68
| oss "—7'2'”

gloss

156

3
3
41
44
25
25
2

62

6.9
6.5
6.8

7.2

—-_I—-——O

8.6

32
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sSolverni-ozsed Cozilrngs

L e P —————— ————

e T ool At Mawe
21 Flat 360 5.64 65
22 Flat 370 8.40 44
23 Eggshell 344 6.52 23 —
24  Eggshell 331 8.55 i “
25 Eggshell 247 6.67 37

" Gloss |
30 Gloss 207 9.10 23

33



Predictive Ability. oft Hiding Power

—-——--‘pr' —~ _'ﬂQ for members of a given
-~ coating family

*For each family, a “parent” coating was
characterized

*Other members of the family were
differentiated only by %NVV

E'KA graph of Hiding Power %NVMANQSE_"‘
— mgMﬂy .

34




Predictive Abjlity: of Hiding| Power

ARB 14 Hiding Power vs NVV

41.06 % NVV
High Solids .

37.78% NV @
+5% solids

y=21.018x- 3E-14

—_
3
=
£
£
8
I

32.81 % NVV
"Normal"Solids
28.00% NVV
-5% Solids @

4.00
20% 25% 30% 35% 40% 45% 50%

NVV

55%
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AARB 1
OARB 2
AARB 3
¢ ARB 4
XARB 5
OARB 6
O ARB 21
BARB 22

—
o

H o.98 (mZ/L)

40% 50% 60% 70%
%NVV
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Results

Predicted rliding Powser for 2ggsriell

H .05 VS. % NVV - EGGSHELL

¢ ARB 7
= ARB 8
+ARB 9
X ARB 10
AARB 11
* ARB 12
© ARB 23
O ARB 24
A ARB 25

H o.08 (m2/L)

2 I T T T
30% 40% 50% 60%

% NVV
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reclictac

H o.98 (m2/ L)

Results

H o095 VS. %0NVV - SEMIGLOSS

17
15 ©
° x
13 19 W _g_
A [ ]
o )f &
11 . g s
o X .
9 $ .
o g A
. X ) e
% * = O
x . Ao
A O
59 A—=0
A @)
A O
30 ‘ ‘ ‘
30% 40% 50% 60%

%NVV

70%

rJJ(IJrJJ Hower Uf_ Jemulo““

‘_ .

<&ARB 13
= ARB 14
+ARB 15
A ARB 16
XARB 17
OARB 18
A ARB 26
®* ARB 27
O ARB 28

| —




Results

Pradiciac HJrIJrU Hower for Gloss

H 0.98 VS. % NVV - GLOSS

[
[

<& ARB 19
+ARB 20
A ARB 29
X ARB 30

O

H 0.908 (m?/L)

40% 50%
%NVV




Predicted Hldlng Power for aII Coatlngs

Ho.os at 35% NVV om
O [Solventbased|

3
N\
E
©
(=2
o
I
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Predicted Hldlng Power for aII Coatlngs

Hoss at65% NVV &
O [soentbased

—_—
=1
N\
£

S
©
b
(=
I
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VOC Errlissions frorr Cozltrigs

== VOCS areT@I@Eedﬂu_riEg abf)n"' —
= Amount of emitted VOC depends on two

independent factors

= VOC content of coating (g VOC/L
= Volume of coating used

%O —

coaﬁng)

—ﬂ*

used
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VOC Emisg]ons 'from Coa't]ngs

— —— = F——

_ Con3|dera ‘test room”. 10 x12 5 celllng —
.-ﬁ:___—""“

Wall-area = 352 ft2 = 327m2

= Assume consumer will apply coating until
substrate is hidden =

= From hiding power, H, 45, calculate # liters to
hide 32.7 m? ~

M Liters w T —
~ctual » calculate grams; VOC emitted

— g VOC emitted = VOC,_,, X L used

coating

43



R = g
T HIEIr S 10 | v/, A,

S

- —— e TT———
T TiE—

44

—f

-- ' —HFEeeOC actual | Ho.os hide eted
| #+ type |solvent{%NVV | m2L | gL gL | gm2| 32.7m2 )
1 flat water 34 6.4 100 36 5.6 5.14 185
2 flat water 34 6.7 100 36 5.4 4.91 177
3 iEL water 33 5.1 105 39 7.6 6.45 252
4 flat water 35 5.7 7.9 3 0.5 T 17
) flat water 34 6.7 8.1 3 0.4 4.91 15
6 flat water 34 6.3 7.8 3 0.5 5.22 16
) 4.98 25

TA51 | T

5.14 185
eggshell 6.09 18



om . Coatings

- e

= e T .

e : VOC Measures "

e ' e VOC | liters to VOC
i ———— Ho-g5 | VOC,og | VOC,cruar | Hoos hide erited
# type solvent | %NVV | m?/L | g/L g/L g/m? | 32.7 m? (9)
11 | eggshell | water 34 6.9 8.8 3 0.4 4.77 14
12 | eggshell | water 33 6.4 8.4 3 0.5 5.14 15 "
13 | semigloss | water 33 8 112 41 5.1 4.11 169
14 | semigloss | water 33 6.9 117 44 6.4 4.77 210
15 | semigloss | water 33 6.5 68 25 3.8 5.06 127 _
oss | water 25 7 4.84 121 SN
ﬁgoss wat 3 W
15.5 5.31 509
gloss , 0.0 4.57 0
20 gloss water 33 7.2 156 62 8.6 4.57 283
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om. Coatings

S =
e S -

vieasures

- - = voc | litersto | yoc
e Ho-g | VOC,og | VOC,cuuar | Hoos hide emitted
# type solvent | %NVV | m?/L g/L g/L g/m? | 32.7m? (9)
21 flat solvent | 56 5.6 364 364 65.0 5.88 2139
22 flat solvent | 55 8.4 370 370 44.0 3.92 1449 _
23 | eggshell |solvent| 61 6.5 344 344 52.9 5.06 1741
24 | eggshell | solvent| 58 8.6 331 331 38.5 3.83 1266
25| eggshell | solvent| 70 6.7 247 247 36.9 4.91 1213
' solvent | 60 7.5 331 331 44 .1 4.39 1452 —]
solvent N -?62%
22.7 3.74 748
gloss solvent 35.6 3.70 1172
30 gloss solvent 73 9.1 207 207 22.7 3.62 748
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actual grams VOC emitted per

Grams Emitted VOC vs. Regulatory VOC

Vocregulatory (9"—)

VOCreguIatory Is poor
predictor of VOC
emissions during use

®
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Grams Emitted VOC vs. Actual VOC VOC, . Is a better, but

not perfect predictor of
VOC emissions during
use

N
o
o
o

£
o
o
|
1
[
Q
©
2
=
£
[
Q
(@]
>
[72)
£
©
S
(=2}
E
=
-
Q
©

o

150 200 250
vocactual (gIL)
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actual grams VOC emitted per room

N
o
o
o

Grams Emitted VOC vs. Hiding VOC

30.0 40.0

VOC Hy g5 (g/m?)

50.0

60.0

70.0

Hiding VOC is an ideal
predictor of VOC
emissions during use

©
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Coricltisions

e — -
e ————

_-__-._

z Q’Do soIveTTfJCTaFS'edfoatlngs generally hlde h'
e ———r—.

e e

petter than water-based coatings?

= Answer #1:
— yes, as formulated
= Answer #2: :

el

—
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Conclusions

el — -

2 CF’Can Kut%lk?l\ﬂurnk equatlons beused o

predict hiding for members of a coating

family differing in %NVV?
= Answer
—Yes

C mpaﬂsens of h|d|ng can be evenmw

ems (water vs.
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Coricltisions
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= Q. Wr TI‘What Tactﬁrﬁr‘eﬂmportant in determlnlng

H_

niding ability of a coating?

= Answer
— %NVV -
— Nature of solids (pigments, binders, extenders)

rierappears to play a r Jngy,gg)%

R —
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— Answer ——

_5-—-?—_
= VOCactuaI
= describes VOC concentration in liquid coating

= |s affected by dilution (even with water)

— VOCreguIatory

* For water-based coatings, this measure is often very different from
actual VOC content of coating

= \/OC regulatory is not affected by dilution with water

—

using a coatlng

= |s not affected by dilution
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" HIO J_‘:ir VEIUmMerso c\*rr_\\__; ecessanys
—*preduce better hiding | =

"~ = Not necessarily true that two coats of a 35% NVV
WB coating would be needed to hide the same as
1 coat of a 70% NVV SB coating.

= Of coatings tested, SB emissions averaged more
than ten times WB emissions, to hide same area

ﬁabilit sey@siaimeasure called into

0N, Since solids content andhiding were not
consistently related

o4
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