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Sustainable Nzerosil silicas

from renewable rice husk

By Tim Yu-Ting Lin, Spencer
Lee, Chris Wu, Danniel Liao,
Anthony Lin and Walter
Waddell

Oriental Silicas Corp.

Intfroduction

Michelin! developed a passen-
ger car (PCR) tire tread formula-
tion using a solution-polymerized
SBR/high cis-BR elastomer blend
and a highly dispersible silica?
(HDS) that increased wet trac-
tion, reduced rolling resistance
and maintained wear life com-
pared to carbon black or conven-
tional silica controls. Multiple
thermomechanical mixing steps
were used to disperse silica and
to react with a bi-functional or-
ganosilane in order to maximize
the M300/M100 reinforcement
index. The silica-filled tread with
improved performance became
known as the green tire.

TECHNICAL NOTEBOOK
Edited by John Dick

OSC Group

Diamond Silica was founded in
1978, and five years later re-
named PPG Industries Taiwan
after a joint venture agreement
to manufacture HiSil-brand
amorphous precipitated silicas.
In 2003, Oriental Silicas Corp.?
was created by purchasing all
PPG silica businesses in Asia,
including plants in Thailand and
China. The next year via an in-
vestment by Tokoyama Corp.,
the joint venture made the highly
reinforcing Tokusil-brand easily
dispersing silicas in granulated
form. In 2011, OSC purchased
Tokoyama’s silica businesses, in-
cluding their Thailand plant,
and created Oriental Silica Siam
Corp. for the two Thailand silica
factories.

Silicon dioxide

The Earth’s crust is continen-
tal (20-80 km) and oceanic (7-12
km) layers of mostly igneous rock
containing ~90 percent silicate
mlnerals Silicon dioxide (SiO,)
is ~26 percent by weight, with
about one-half found as inert,
abrasive large particles in the
form of crystalline quartz, cris-
tobalite and tridymite.* Small
quantities of other elements are
present including aluminum,
calcium, iron, magnesium, potas-
sium, sodium and titanium. Dia-
tomaceous earth (dolomite) found
in sedimentary rocks is an
amorphous silica containing up
to 30 percent organic matter and
inorganic impurities such as clay
and soluble salts.

Silica manufacture

Since exposure of workers to
respirable crystalline silica is
associated with elevated rates of
lung cancer,’ crystalline sand is
not directly used in rubber prod-
ucts. Rather it is the starting
material in the manufacture of

amorphous precipitated silica
summarized by two general
chemical reactions: (1) formation
of sodium silicate [(SiO,)Na,O] by
reacting crystalline sand (SiO,)
with soda ash (Na,CO,) in a fur-
nace, called the dry process, fol-
lowed by (2) controlled acid neu-
tralization of the silicate to
synthesize amorphous precipi-
tated silicas.

Manufacturing steps are much
more complicated.® Exact reaction
conditions can vary and are pro-
prietary, but generally include
reactor size, batch fill volume, so-
dium silicate concentration, acid
type and strength, solution pH,
silicate and acid addition rates,
stirring efficiency, reaction tem-
perature and time, and quenching
rate in order to form amorphous
precipitated silica with targeted
desirable properties .

silicas.

Executive summary

Precipitated silica used in passenger car radial (PCR) tire treads desirably stretches the magic
triangle by increasing wet traction, decreasing rolling resistance and maintaining wear, thus cre-
ating the green tire. OSC manufactures the highly-reinforcing Tokusil-brand 255EG in an easily
dispersible granulated form, and the highly dispersible Eecosil-brand 350MG (BET N2 surface
area ~170 m?/g) microgranule from sodium silicate made from sand (crystalline quartz). Recycling
in silica manufacture is promoted by using cullet (crushed glass) or off-grade silicas generated
during product changes to form the sodium silicate starting material. Silica synthesis proceeds by
following the same production steps of controlled acid neutralization of silicate to form amorphous

The next generation of reinforcing silicas is the sustainable Nzerosil-brand net zero emission
series made from the bio-renewable rice husk agricultural waste. Silica properties and key proper-
ty performance in a model PCR tire tread were shown to be equivalent to commercial silicas. Tires
for ultra-high performance passenger, electric vehicle and light truck tires require increased capa-
bilities. Thus, the present study quantifies the performance of the high surface area (BET ~210
m?/g) Nzerosil RH-230G granulated silica made from rice husk compared to Eecosil 230G granules,
Eecosil 230MG microgranules and a commercial competitor in a 100-phr silica model tire tread.
Compound cure, physical and viscoelastic properties and silica dispersion are measured.

Results showed the performance of sustainable Nzerosil RH-230G is equivalent within ~10 per-
cent to that of the granulated Eecosil 230G and microgranular Eecosil 230MG silicas made from
glass cullet, and performance is slightly improved versus Silica 1, the commercial competitor
product. A 5-pass mixing sequence with a simple remill step is needed to disperse silica to reduce

percent-white areas and maximize the M300/M100 reinforcement index.

Recycling in silica manufacture

Cullet (crushed glass) recycled
from various broken/discarded
sources can be the starting mate-
rial by reacting with soda ash in
an autoclave, called a wet solu-
tion process to form sodium sili-
cate (Fig. 2). This step is followed
by the same acid neutralization
reaction to synthesize targeted
amorphous precipitated silicas
(Fig. 1.2).

Silicas made during product

grade changes or plant interrup-
tions due to scheduled mainte-
nance or power outages, etc., can
also be recycled. For example,
OSC produces silicas for various
non-rubber applications,® in-
cluding:

e thickening and abrasion for
polishing and dental applica-
tions;

e matting, thickening and de-

Fig. 1: Silica manufacturing of (1) silicate production via the dry furnace
process of natural minerals (crystalline quartz sand), followed by (2) con-
trolled acid neutralization to synthesize amorphous precipitated silica.
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Fig. 2: Silica manufacturing of (1) silicate production via the wet autoclave
process starting with cullet (crushed recycled glass), followed by (2) con-
trolled acid neutralization to synthesize amorphous precipitated silica.
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Fig. 3: Granulated silica (left) obtained by drying, milling into a powder
and compacting on a textured 2-roll mill, and microgranular silica (right)
obtained by direct spray drying to the desired particle size.
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the ash.

Rice straw: 0.146 ash, 0.82 SiO,

Rice husk 0.221 ash, 0.93 S|0z

' Sorghum
(grass flowers)
0.125 ash, 0.88 SiO,

Bagasse
(sugarcane)
0.147 ash, 0.73 SiO,

Corn ieaf
0.121 ash, 0.64 SiO,

Fig. 5: Components of rice: grain, bran and husk4.
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foaming in coatings, adhesives
and sealants; and

e carrier and free-flow in feed-
stuffs, animal feeds and phar-
maceuticals.

Manufacturing plants were
established by OSC in 2013 in
Taiwan and in 2021 in Malaysia
to produce sodium silicate from
glass cullet.?

Reinforcing precipitated sili-
cas for PCR tires produced from
glass cullet are: easily dispersing
Tokusil-brand 255EG silica in a
granulated (milled/compacted)
form, and the highly dispersible
Eecosil-brand 350MG silica’™ in
a dust-free microgranular form
(BET N, surface area ~170 m?/g)
(Fig. 3).

Sustainability in silica manufac-
ture

The Oxford dictionary provides
one definition of sustainability
as “avoiding the depletion of nat-
ural resources in order to main-
tain an ecological balance.” The
tire industry desires replacement
of oil-derived materials with
sustainable products derived
from renewable biomass: poly-
mers, reinforcing fillers, fiber
reinforcements, and process and
performance aids.

Silica can be directly obtained
from a variety of eco-friendly re-
newable bio-origin sources. Rice
husk (yield index = 20.5), rice
straw (12.0), cornflower (11.1),

See Nzerosil, page 26
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Fig. 6: Silica manufacturing of (1) silicate production via a furnace pro-
cess to ash rice husk followed by a wet autoclave process, followed by (2)
controlled acid neutralization to synthesize amorphous precipitated silica.

1. Rice Husk SiO, + Na,CO; & n (Si0,)Na,0 + H,0

Incomplete: Complete:
~T0% 5i0; _ ~39% 5i0;
Time ‘
Temperature +
S
i —_—
Rice Husk Char Rice Husk Ash Soda Ash

2. n (Si0,)Na,0 + H,S0, 9 n SiO, + Na,SO, + H,0

Table 1: Model 100-phr silica-filled tire tread formula with 4-pass mix
sequence.

Mix Pass Ingredient phr
1st |SSBR, Trinseo 4602 75
cis-BR, TSR 0150 25
Silica, Eecosil 230MG 80
TESPD Coupling Agent, Evonik Si75 10
Carbon Black, N234 3
Process Oil, TDAE 33.1
2nd |Silica, Eecosil 230MG 20
Process Oil, TDAE 10
3rd  |Microcrystalline Wax 1.5
Activator, Zinc Oxide 2.5
Accelerator, DPG 2.7
4th Stearic acid 2
Sulfur 1.1
Accelerator, CBS 2.4

Fig. 7: Four mix sequences of model tread formula shown in Table 1.

Mix Stage 4-Pass 5-Pass 5-Pass 6-Pass
I 1st . Polyr_‘nersfSi_lica F'olyn:ners!Si!ica F'olymers!Si!ica PolylfnersfSi_licaé
/Silane/Oil /Silane/Oil /Silane/Oil /Silane/Oil
2nd | Silica/Oil Silica/Oil Silica/Oil Silica/Oil |
3rd Chemicals REMILL Chemicals REMILL #1
4th Productive Mix Chemicals REMILL Chemicals
5th Productive Mix | Productive mix | REMILL #2
6th Productive Mix |

Sustainability and Recycling

Table 2: Key process, physical and viscoelastic test results of four mix
sequences.

- 4-Pass, | OPass, | SPass, | oo, 0
Mixing Sequence No Rem;II Stage 3 | Stage 4 2 RemilI;
Remill Remill
MH-ML (dNm) 8.9 8.2 7.5 7.7
Ts1 (min) 2.4 2.2 2.6 2.3
T90 (min) 9.4 9.4 9.4 10
Tensile Strength (MPa) 9.1 7.9 8.5 7.7
Elongation at Break (%) 281 235 290 206
M100 (MPa) 2.7 2.8 2.2 3.2
M200 (MPa) 59 6.4 5.0 7.5
Reinforcement Index (M200/M100) | 2.19 2,29 2.27 2.34
Wet Traction (tand0 ) 0.379 0.390 0.389 0.399
Rolling Resistance (tan 56 60 ) 0.145 0.137 0.140 0.137

Fig. 8: Graph of %-white areas from ImagelJ analysis of SEM@100X of
four mix sequences.
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Fig. 9: Graph of average particle size distributions from imagelJ analysis
of SEM@100X of four mix sequences.
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Continued from page 25
sorghum (grass flowers, 10.7),
and bagasse (sugar cane, 9.5)
give the highest index obtained
by multiplying the ash content of
the plant by the silica content in
the ash'! (Fig. 4). X-ray fluores-
cence identified other elements
in rice husk ash including alumi-
num, calcium, iron, magnesium,
manganese, phosphorus, potassi-
um, sodium and sulfur.?

Rice husk is the second most
consumed food source globally
after corn (index = 7.8); however,
corn byproducts already have
commercial applications, for ex-
ample ethanol in gasoline to form
gasohol. In 2022, 776.5 million
metric tons of rice were produced
worldwide, with 12 countries
producing >10 mmt. All countries
except for #11 Brazil are located
in Asia.!®

Rice husk is the outermost
layer of the rice grain (Fig. 5).
Milling yields ~70 percent rice,
~20 percent husk, 8 percent
bran and 2 percent germ.** Peo-
ple consume the white rice grain
and the brown rice, which con-
tains the bran and germ. An
agricultural waste byproduct of
milling, the husk was simply
burnt in an open-air field as a
fuel or dumped into a landfill,
with both actions having poten-
tially detrimental environmen-
tal effects. Currently, rice husk
ash can be used as a raw materi-
al for manufacturing industrial
chemicals (silicates, zeolites,
catalysts, nanocomposites), in
building material additives
(steel industry, concrete, ce-
ment), in lightweight construc-
tion materials (insulators, ad-
sorbents, activated carbon), as
soil conditioners (fertilizer) and
as alternative fuel for energy.!>16

Rice husk is the current bio-
source of choice of silicate for
sustainable silica manufacture
(Fig. 6).

Sustainable Nzerosil series

Sustainable = Nzerosil-brand
silicas from renewable rice husk
were developed to match current
rubber reinforcing silicas: Nzero-
sil RH-255EG granulated silica
(BET N, surface area ~170 m?/g)
is equivalent to Tokusil 255EG,
Nzerosil RH-350MG (BET ~170
m2/g) microgranular silica is
equivalent to Eecosil 350MG,
and high surface area Nzerosil
RH-230G granulated silica (BET
~210 m?/g) is equivalent to Eeco-
sil 230G granules based on com-
pound cure, physical and visco-
elastic performance, and silica
dispersion in model passenger
car tire treads.’®

The present study is research
on sustainable high surface area
Nzerosil RH-230G granules from
renewable rice husk compared to
Eecosil 230G granules, Eecosil
230MG microgranules’” and a
commercial competitor product
in a 100-phr silica model tread
for ultra=high performance car,
electric vehicle and light truck
tires.

Experimental

All compounding was per-
formed in a Kobelco BB-2 1.5L
mixer with 4-Wing H tangential
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Table 3: Model 100-phr silica-filled tire tread formula with varying levels

of zinc process aid with 5-pass mix sequence.

rotors. A 2-roll mill was used to
sheet out batches in between
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tex moving die rheometer was
used to measure cure properties
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with tangent delta @0°C values
used to predict wet traction and

mixing stages. A U-Can Dynatex including Tsl scorch and T90. tangent delta @60°C values used
| | Tread Compound A B Cc Mooney viscometer was used to Viscoelastic properties were to predict rolling resistence. A
Mix Pass|Ingredient phr | phr | phr measure  Mooney  viscosity measured on a Netzsch Gabome- Jeol JCM NeoScope benchtop
1st |SSBR, Trinseo 4602 75 75 75 ML(1+4) values. A U-Can Dyna- terdynamic mechanical analyzer scanning electron microscope
cis-BR, TSR 0150 25 25 25 (SEM) was used to measure sili-
Silica, Eecosil 230MG 80 80 80 Fig. 10: Graph of %-white areas from imageJ analysis of SEM@100X for ca dispersion obtained at 100x
TESPD Coupling Agent, Evonik Si75 10 10 8 three levels of zinc process additive in a model tire tread. magnification. NIH Imaged soft-
Carbon Black, N234 3 3 3 0 ware'® was used to analyze SEM
Process Oil, TDAE 331 | 331 | 33.1 SEM@100X, Imagel %-White Area data and give quantitative re-
Process Aid, Struktol EF-44 0 2 J 050 0.44 B SEM (% White Area >23 i) sults on percent-white areas and
2nd |[Silica, Eecosil 230MG 20 | 20 | 20 , T —— average particle size distribu-
Process Oil, TDAE 10 10 10 040 93 W SEM (% White Area >10 i) tions.
3rd |REMILL o W SEM (% White Area >5 um) OSC is ISO 9001, ISO 14001
4th  |Microcrystalline Wax 1.5 1.5 1.5 < 030 and OHSAS 18001 certified by
Activator, Zinc Oxide 2.5 1 2.5 % 020 Bureau Veritas, has Ecovadis
Accelerator, DPG 2.7 1.8 1.8 3 020 017 0.17 2022 Silver Sustainability Rat-
5th |Stearic acid 2 1 1 $ 0.11 ing, and is REACH Compliant.
Sulfur 1.1 1.25 1.1 0.10 0.06 0.06
Accelerator, CBS 2.4 1.5 | 15 0.03 Results and discussion
0.00 - - . High-load, high-surface area sili-
B g o = 5 = No Process Aid 2-phr EF-44 6-phr EF-44 ca tread
Table 4: Key process, physical and viscoelastic test results with varying : Formulations of high loadings

levels of zinc process aid.

of high surface area silica (BET

Troad C 3 A B C Fig. 11: Graph of average particle size distributions from imageJ analysisof 210 m?/g) in model PCR tire
M’:‘ML &“;;?“" o iy SEM@100X for three levels of zinc process additive in a model tire tread.  {1cqds wore identified from liter-
= = = 20-23 1
Ts1 (min) 22 | 25 | 42 SEM@100X, ImageJ Avg Particle Size ature.” A formulation was se-
T90 (min) 0.4 0.9 36 - lect.ed to initiate OSC explorato-
. - . ) 90 ® SEM (Average Particle Size >23 um) ry investigations on how to: (1)
Tensile Strength (MPa) 7.9 11.2 7.4 T T best incorporate and disperse
Elongation at Break (%) 235 | 314 | 334 8~ T ——— 100-phr of a high-surface area
M100 (Mpa) 28 2.6 21 % . W SEM \'a\-.'{'-|,1f‘,|j Particle Size 55 um) silica, (2) establish the best addi-
M200 (MPa) 6.4 6.0 4.1 - . & - Fion ar}d mixing sequence of :a!l
M200/M100 Index 23 | 23 | 20 s a0 ingredients 50 as to disperse ;g}f
3290 (MPa) 03 L g 2 #3 cent-white area from SEM data,
MSOWMW_O Uncion D 5 29 i 13 (3) promote the surface hydro-
Wet Traction (tand0 ) 0.390 | 0.376 | 0.346 [ - I phobation reaction of silica with
Rolling Resistance (tan3 60 ) 0.137 | 0.162 | 0.16 L - the bifunctional organosilane??,
No Process Aid 2-phr EF-44 6-phr EF-44 See Nzerosil, page 28
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Continued from page 27

(4) adjust the levels of the orga-
nosilane, processing additives
and curatives to optimize the
M300/M100 reinforcement index
value, and (5) directly compare
the sustainable Nzerosil RH-
230G made from renewable rice

husk to three commercial high
surface area silicas. Due to the
high number of primary and in-
teracting variables needed to be
examined, it was not feasible to
use statistically design experi-
ments, but to use tread com-
pounding information and expe-
riences.

The highly dispersible, high
surface area Eecosil 230MG mi-
crogranular silica®® was used for

exploratory mixes in a 75/25
SSBR/high-cis BR tread com-
pound. Our prior results were
that silica addition needed to be
split into three steps, with a
maximum of 80-phr being incor-
porated into the first mixing
stage. A 55/25-phr silica split in
the first pass gave good disper-
sion to minimize the %-white

area and reduce the average
particle size distributions based
on Imaged analysis of SEM data
obtained at 100x magnification.
We also previously determined
to add all of the organosilane
coupling agent with the first 55-
phr silica addition. The 25-phr
silica, carbon black and process-
ing oil was added together later

Fig. 13: Bar graph of key tread properties of Nzerosil RH-230G relative to

Eecosil 230G (=100).

Table 5: Key process, physical and viscoelastic test results of high sur-
face area silica treads.

NZEROSIL™ | Eecosil | Eecosil
Silica 1
Property RH-230G 230MG | 230G
Mooney Viscosity (ML(1+4)@100°C) 89.9 936 | 98.1 | 82.6
Ts1 (min) 5.7 42 4.9 5.7
T90 (min) 13.9 13.6 14.0 14.1
Tensile (MPa) 8.6 7.4 8.3 5.9
Elongation at Break (%) 376.3 3344 3443 | 301.0
1200% Modulus (MPa) 1.9 21 25 | 18
300% Modulus (MPa), , 6.4 6.5 71 6.1
Reinforcement Index ('M30W100] 331 3.04 2.84 3.29
Wet Traction (tan§0 ) 0.340 0.346 | 0.343 | 0.338
Rolling Resistance (tan 6§ 60 ) 0.154 0.160 | 0.165 | 0.172

NZEROSIL™ RH-230G VS Eecosil 230G (=100)
130.0
1200 116.4
109.1 109.3
110.0 107.2
100.6 99.1
100.0
90.0
80.0
70.0
ML({1+4) T90Cure % Elongation M300/M100 Tan&0°C Tan & 60°C
Ratio

Eecosil 230MG (=100).

Fig. 12: Bar graph of key tread properties of Nzerosil RH-230G relative to
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Fig. 14: Bar graph of key tread properties of Nzerosil RH-230G relative to
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during the first stage of mixing.
The remaining 20-phr silica was
added in the second mixing step
along with more processing oil
to help incorporate it quickly. A
4-pass mixing sequence was the
starting procedure Table 1.

Mix sequence optimization

Ingredients in Table 1 were
mixed as shown in the 4-pass se-
quence using a 55-phr/25-phr
silica split in the first stage. Two
5-pass mixes were made by add-
ing a simple remill step after ei-
ther the second pass 20-phr silica
addition (Stage 3 remill), or after
the remaining chemicals were
added in the third pass (Stage 4
remill). A 6-pass mix was also
evaluated by adding two remill
steps, one each after the sec-
ond-pass 20-phr silica addition
step (Stage 3 remill) and again
after adding the chemicals
(Stage 5 remill). Fig. 7 is a sum-
mary.

Cure and viscoelastic property
results were comparable (Table
2). Both 5-pass mixes and the
6-pass mix sequences gave desir-
ably lower Mooney viscosity val-
ues. Tensile testing showed that
no compound had the desired
elongation target of >300 per-
cent, thus M300/M100 ratios
could not be determined.

The percent-white areas from
Imaged analysis!® of SEM @100X
data (Fig. 8) showed that both
the two 5-pass and the 6-pass
mixes gave lower values com-
pared to the 4-pass mixing se-
quence. The smaller average
particle size distributions for the
tread mixed in 5-passes with a
Stage 3 remill (Fig. 9) was used
to select this mixing sequence for
follow-up studies.

Formula adjustments

Adding a processing additive,
along with changes to coupling
agent and/or curatives levels
was studied to increase the
elongation to >300 percent in
order to obtain M300/M100 re-
inforcement index values. Tread
compounds A, B and C were
studied with O-phr, 2-phr and
6-phr of Struktol EF-44 modi-
fied zinc soap.?-2¢ CBS accelera-
tor was reduced from 2.4-phr to
1.5-phr in compounds B and C,
and the organosilane coupling
agent was reduced from 10-phr
to 8-phr in compound C contain-
ing the 6-phr of zinc additive
(Table 3).

Use of the zinc processing ad-
ditive changed several proper-
ties.?-26 Elongation at 300 per-
cent was highest for compound C
using 6-phr zinc additive.
Mooney viscosity values were de-
sirably decreased, but T90 cure
times were increased, and pre-
dicted wet traction and rolling
resistance (tangent delta @60°C
increased) values were undesir-
ably reduced (Table 4).

Percent-white area values de-
creased using the zinc process-
ing additive, with compound C
(6-phr additive) giving the low-
est values (Fig. 10). However,
the average particle size distri-
butions were lowest for com-
pound B using 2-phr of the zinc
dispersant (Fig. 11). Thus, the
optimum level of zinc soap
would need to be determined
based on the specifics of the
formulation.
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Sustainable Nzerosil RH-230G

Tread compound C with 6-phr
of zinc processing additive (Ta-
ble 3) was used to evaluate the
performance of high surface area
(BET ~210 m?/g) silicas at 100-
phr to model an ultrahigh perfor-
mance passenger, EV or light
truck tire tread. Sustainable
Nzerosil RH-230G granulated
silica and three commercial high
surface area silicas were studied:
Eecosil 230MG microgranular,
Eecosil 230G granulated, and
microgranular Silica 1. All four
100-phr silica-filled model treads
were mixed using the 5-pass se-
quence with Stage 3 remill (Fig.
).

Testing showed that Nzerosil
RH-230G has comparable perfor-

mance to the Eecosil 230MG and
Eecosil 230G silicas since most
values are within 10 percent of
one another (Table 5, and Figs.
12 and 13). Mooney viscosity is
lowest, and Tsl scorch, tensile
strength, elongation at break,
and M300/M100 reinforcement
index values are the highest.
Nzerosil RH-230G has a higher
tensile strength and elongation
at break, and lower predicted
rolling resistance compared to
Silica 1 (Fig. 14).

SEM@100X / Imaged analysis
dispersion showed that the high-
ly dispersible Eecosil 230MG
microgranular silica gave sig-
nificantly lower percent-white
area values. Nzerosil RH-230G
had comparable values to Silica

Fig. 15: Graph of %-white areas from SEM@100X/ImagelJ analysis of Nzero-
sil RH-230G, Eecosil 230MG, Eecosil 230G and Silica 1 treads.

SEM@100X, Imagel %-White Area
B SEM (% White Area >23 um)
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1 (Fig. 15). No notable differenc-
es were observed for average
particle size distributions (Fig.
16).

In a 100-phr silica-filled tire
tread modeled for ultrahigh per-
formance and EV passenger car,
and for light truck tire treads,
sustainable high surface area
Nzerosil 230G granular silica
made from bio-renewable rice
husk gave equivalent perfor-
mance to granulated Eecosil
230G and microgranular Eecosil
230MG silicas made from glass
cullet. Performance is slightly
better versus competitor Silica 1.
A 5-pass mixing sequence with a
simple remill step is required to
disperse silica in order to reduce
the percent-white area values.
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