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OPTICAL, PHYSICAL, AND CHEMICAL PROPERTIIS
OF SURFACE MODIFIED TITANIUM DIOXIDE POWDERS

L INTRODUCTION

Titanium Dioxide (TiO;) powder is currently used by the U.S. Arimy as an
obscurant fill in the M&2 and M 106 visible smoke grenades. The Army previously evaluated a
wide range of TiO» powders for use in these grenades. However, the chemical and physical
properties of these powders were not explored in the context of grenade performance. Therefore,
an initial study was undcrtaken to characterize the chemical, physical, and optical properties of
Ti0: powders that impact its performance in the M106 grenade. A desired outcome of the study
is to incorporate the requisite characteristics into product specifications. thercby improving the
performance of the M106.

TiOs is well known for its scattering properties in the visible region of the
clectromagnetie spectrum. The tendency of TiO: to attenuate visible light is largely due to its
high refractive index. The attenuation properties of TiO: in the visible region are also strongly
dependent on the particle size of the material. Theoretical calculations based on Mie theory
predict thlal the optimum particle size of TiO, for attcnuating UV visible light is approximately
0.20 pm.

Multiple manufacturers of TiO, produce powders with grain sizes that are near
0.20 um. Imaging using seanning clectron microscopy (SEM) confirms this claim. However, in
the dry powdered state, TiO> powders tend to exhibit significantly larger particle sizes due to
agglomeration. TiO; powders are often coated to lower the surface energy of the particles and to
minimize inter-particle forces. The coating chosen for the powder is largely dependent on the
application of the material. For example. a suspension of TiO; particles in an aqueous solvent
requires a hydrophilie coating. Conversely, a hydrophobic coating would be more suitable for
suspension in a hydrophobic polymeric substrate. The use of TiO> powder as an aerosolized
obscurant is a unique application. Hence, an understanding of coatings and additives used by
manufacturers of TiO> and their impact on the dispersion as a powder is integral to
understanding the use of TiO; as a visible obscurant.

To explore the impact of coatings on obscuration performance, the extinction
properties of multiple grades of commereially available TiO, were evaluated in the U.S. Army
Edgewood Chemical Biological Center (ECBC) aerosol chamber. Each product was
disseminated pneumatically through a sonic nozzle and explosively using the M106 grenade.
Chamber cvaluation involved the determination of mass extinction, yield. and deposition rate.
The produets evaluated in this study were obtained from DuPont (Wilmington, DE), Millennium
(Glen Burnie, MD), and Tronox Corporation (Oklahoma City, OK). These corporations
manufacture different grades of TiO- that vary in purity, coatings, inorganic content (alumina,
silica, zirconia), and organic treatment. In addition to the chamber tcsts, contact angle, surface
cnergy, SEM, flow characteristic measurements, and mass speetrometry analysis were performed.
The purpose of these tests was to dctermine if there was any correlation between the physical or
chemical properties of the powders and the obscuration results obtained from the chamber.




In addition to the testing of commereially available grades of TiO> powders, an
in-house study exploring the impact of coatings on screening performance was also undcrtaken.
This involved coating Millennium lot RCL-9 with a range of silanes and polyols. RCL-9 was
chosen as a substratc for its high purity and abscnce of organic treatment. The experimentally
coated powders underwent the same tests as the commercially available produets. Namely, mass
extinction, yield, contact angle, surface energy, SEM, and flow characteristics measuremcnts
were performed.

2 THEORETICAL BACKGROUND OF TIO; SCATTERING

An image observed through an aerosol cloud consists of the transmitted original
image, attenuated by scatter and absorption, plus ambient light scattcred or emitted along the line
of sight within the eloud (path radianee) and superimposed onto the transmitted image. Contrast
transmittance through the cloud is frequently used to quantify thesc two cffeets upon visibility
through a cloud. 1t is dcfined as the ratio of image contrast as seen through a cloud divided by
image contrast without the cloud present and is a function of extinction coefficicnt, single scattcr
albedo, asymmetry parameter, concentration path length product, cmission and ambient
illumination.” Extinetion is defined in terms of the beam attenuation of electromagnetic radiation
due to scattcring and absorption as it traverses a medium. Extinction properties of a two phasc
system such as an aerosol depend on the complex refractive index, size, shape, orientation and
number concentration of the particles, complex refractive index of the particles relativc to that of
the surrounding medium, as well as wavelcngth and polarization of the incident radiation.” The
extinction coefficient, a, is related to the beam transmittance T through an aerosol cloud by eq I:

J acdl

T=e (1
Where c is the concentration of partielcs along the line of sight and d/ is the path length
increment. Assuming constant extinction coefficient along the path length for a cloud containing
one aerosol material of uniform particle composition and size distribution, the conccntration path
length integral can be written as any combination of constant concentration and path length
yielding that product. Chamber aerosol measurements involve a uniform concentration and
known path length. Aerosol cxtinction is conveniently expressed as a mass extinetion cocfficient
in units of meters’/gram when calculated from measurements of beam transmittance over a path
length specified in meters through an acrosol with uniform mass concentration specificd in units
of gram/meters’.

The mass extinction cocfficient depends on the optical efficiency factor, Q. the
geomctric cross section, G, and the particlc mass as indicated by the relationship in eq 2:

et (2)

particle mass

Gencerally numerical solutions for Q.. are obtained using Mie ealeulations for
homogeneous spherical particles.’ Mie theory describes the interaction of light of wavclength A
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with a homogeneous spherical particle of radius a. The relationship between the efficiency
factor, Qext, and the extinction cross section, Cey is described by eq 3:

0,6 @A)
The Mie solution for the extinction cross section of a sphere, C.y, is given by eq 4:
6., =2Z S (o w1)Rela [ #(5f) @)

n=|

Where the scattering coefficients a, and b, must first be determined via eqs 5 and 6:

[D /m+n/x]y/ x)-y,,(x)

5
[D (mx) /m+n/x]§" (x)=¢,.(x) 2
b, _[mD )/m+n/x:|y/" (x)-w,.(x) ©

[mD mx)/m+n/x]§" (x)=¢&..,(x)
Here, x is the size parameter and m is the relative refractive index described by eqs 7 and 8:
27 Na

=ka= 7

x 1 (7
NI

N 8

M= (8)

N; and N are the refractive indices of the particle and medium, respectively. ¥ and & are Riccati-
Bessel functions, where the recurrence relations are illustrated by eqs 9 and 10:

. ny, (x
v, (%) =¥, (%)~ x( ) ©)
né (x
£ ()=, (x)-2el2) 10)
These are satisfied by the logarithmic derivative, D,, described by eq 11:
T (1)

n-1 0 D,,'*'%

Figure | is a plot of the theoretical mass extinction coefficients (MECs) for a
range of Ti0, particle sizes (120 nm-240 nm) using the Mie theory. The MECs were calculated
in the visible region and a refractive index of 2.74 was assumed. Averaged over the visible
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region, the MECs for both the 200 nm and 220 nm particle sizes are 8.1 m’ /g. Hence, a mean
particle size of ~220 nm is required for maximizing attenuation in the visible region.

Mass Extinction CoefTicient (Refractive Index = 2.74)
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Figure 1 - Theoretical Mass Extinction Coefficient for a Range of TiO, Particle Sizes

3. EXPERIMENTAL DETERMINATION OF EXTINCTION COEFFICIENT
AND DISSEMINATION EFFICIENCY

When determining the extinction coefficient and dissemination efficiency of a
given material experimentally, a range of parameters must be considered. First, the mass
extinction of a given powder may be determined via the Beer-Lambert Law shown by eq 12:

) [’"z/a] e 12

Where T is the transmission, C is the concentration in m%g, and L is the path length.
Determination of mass extinction can be made in a controlled environment such as a chamber
where the path length is held constant and transmission and concentration may be determined.

Dissemination efficiency of the powder is another consideration. Dry powders
may be aerosolized using a pneumatic re-dispersion technique in which a powder is loosely fed
into an air stream and subsequently dispersed through a nozzle.* Alternatively, a dry powder can
be dissemisnated explosively by filling the dry powder concentrically around a center charge of
explosive.

Dissemination techniques used to produce an aerosol cloud play a vital role in
acrosol dispersion and degree of agglomeration. Characterization of the dissemination method
performance is generally summed up with two measurements: yield and particle size distribution.
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As long as particle sizes do not significantly impact cloud lifetimes of interest, particle size
measurements can be avoided and measurement of the extinction coefficient suffices. Yield, a
measure of dissemination efficiency, is defined as the ratio of the mass aerosolized to the mass of
material that entered the dissemination device (eq 13):

; mass of airborne material
Yield = f

initial mass of material (13)

For explosive dissemination, a metric that encompasses the material performance
in addition to the device performance is required. The grenade figure of merit is a metric which
encompasses both of these attributes. The grenade figure of merit is defined in eq 14:

Figure of Merit = (a - p- Fill Factor :Yield) (14)

Where, o is the extinction in meters®/gram, p is the material density in g/cm’, fill factor is the
ratio of packed density to the intrinsic material density, and yield is the ratio of airborne mass to
initial mass of material in grenade.

In addition to yield, figure of merit, and particle size, deposition rate is a
parameter which is descriptive of the aerosol size, mass, and shape. The stirred settling model
for a cylindrical chamber with height H and volume V, relates the aerosol deposition velocity, vp,
to the rate of change of aerosolized mass, m via eq 15:

e —yp-A-C (15)

Where A is the base area of the chamber and C is the concentration of aecrosol. The aerosol mass
may be expressed as eq 16:

m=C-V (16)
Substitution yields the following (eq 17):

alcy)

Assuming a constant chamber volume, eq 17 yields (eq 18):

dC _ =vpA dr
G oA g — & (18)
This has the solution given in eq 19:
C=Coe (19)
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Therefore, the deposition velocity vp may be deduced from the stirred settling theory by making
two filter sample concentration measurements, c;, and c; by way of eq 20:

vpa - in(%Y/ c,_) (20)

™ L St Y

The spherical diameter of the particle, d, can subsequently be deduced from the relationship
given in eq 21:

_ped g (21)

Where pp is the density of the particle, g is the acceleration due to gravity, and # is the viscosity
of air.

4. CHAMBER MEASUREMENTS OF COMMERCIALLY AVAILABLE
TIO, POWDERS

To evaluate the performance of a wide range of TiO, powders, 15 grades of
commercially available TiO, powders were tested in the ECBC aerosol chamber. These grades
varied in purity, coatings, organic, and inorganic content. A description of the commercially

available powders is provided in Table 1.

Table 1 - Commercially Available TiO, Powders Tested

Lot # Manufacture TiO, Inorganic Coating Organic
Purity Treatment
R700 DuPont 96% Alumina Present
R706 DuPont 93% Alumina, Silica Present
R900 DuPont 94% Alumina None
R931 DuPont 80% Alumina, Silica None
R101 DuPont 97% Alumina Present
Tiona 595 Millennium 95% Alumina, Zirconia Present
Tiona 596 Millennium 94% Aluminum Hydroxide, Silica Present
Tiona 188 Millennium 98.5 Aluminum Hydroxide Present
Tiona RCL-9 Millennium 94% Alumina None
Tiona RCL-4 Millennium 97% Alumina Present
CR-470 Tronox 97% Alumina, Silica Present
CR-813 Tronox 86% Alumina, Silica None
CR-826 Tronox 93% Alumina, Silica None
CR-834 Tronox 97% Alumina None

A diagram of the chamber, in which all the tests were performed, is provided in

Figure 2. The ECBC aerosol chamber is a cylindrical chamber with a volume of 190 m* (6 m
diameter, 6.8 m height). It is equipped with a stirring fan to provide a homogeneous mixture of
aerosols throughout. Transmission in the visible region 300 to 900 nm was achieved with an
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Ocean Optics UV/Vis spectrometer (Model HR2000CG-UV-NIR, Dunedin, FL). Transmission
in the infrared region (0.9 to 20 pm) was determined using two Jasco FTIR spectrometers
(Model FT/IR-6100, Jasco Inc., Easton, MD). A path length of 6 m was used in all calculations
as the visible and FTIR sources wcre placed 6 m away from the detectors. The FTIR sourec and
detector were placed at a height of 3.4 m. The concentration of flake material within the
chamber was determined by taking an aliquot of air from the chamber. This was achieved by
pulling air samples from the chamber onto a glass filter for a 120 s. The mass accumulated on
the filter was weighed and the volume of air sampled during filtration was measured using a flow
mcter (Model FMA-1618A, Omcega Engineering, Inc., Stamford, CT). It should be noted that
transmission and concentration were not measurcd until homogeneity in the chamber was
achieved after dissemination. Homogencity was assumed when a steady state in laser
transmission was obscrved. A 672 nm laser diode (Newport, Mountain View, CA) was uscd
the laser transmissometer system.

All powdcrs were disseminated and tested using two different techniques. First,
each powder was disseminated pncumatically and tested in triplicatc using a Stanford Research
Institute (SRI, Menlo Park, CA) sonie nozzle (outlet pressure = 90 psi). Next, each powder was
disseminated explosively and tested in triplicate using the M106 grenade. Extinction, yicld, and
caleulated particlc diameters of the pneumatically and explosively disseminated commercial
powders are provided in Tables 2 and 3, respectively. Additionally, the fill fraction and grenadce
figures of merit valucs arc provided for the explosive disscmination tests.

Tablc 2 - SRI Nozzle Dissemination Chamber Results

. Extinction . Cal‘culalc.d
Material SD Yield | Partiele Size
(0.4-0.7 pm)
L um)
Tiona 188 4.26 0.32 0.90 =l
| Tiona 595 3.70 0.40 0.81 2.3 |
Tiona 596 3.35 0.14 092 | 3l I
Tiona RCL-4 3.47 005 | 082 28 |
Tiona RCL-9 535 0.14 1.03 1.6
R101 BT 009 | 084 | 23
R700 3.29 0.24 1.03 33
R706 B2 0.08 0.77 24
R900 235 0.08 1.01 28
R931 W26 2.87 0.07 0.99 A |
CR-470 3.79 0.02 0:95 1.6
CR-813 2.73 0.06 1.03 1.4
CR-826 2.54 0.07 | 0.94 1.8
CR-834 2.83 0.26 | 0.97 30 |

SD = Standard Deviation, SRI = Stanford Rescarch Instruments




FILTERED
EXHAUST 4

| &

EM

WINDOW
SHIELDS
|~

P

| -

AEROSOL

el

CHARACTERIZATION

190 CUBIC METER
AEROSOL
TEST
CHAMBER

WASHDOWN SYSTEM

L

8 METERS

VARWBLE RATE
STIRRING FANS

EM
RECEIVER
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Table 3 - Explosive Dissemination Chamber Results

Extinetion Caleulated
Material | (0.4-0.7 | SD | Yield | Particle Size Fill Fraction | Figure of Ment
pm) (pm) | N .
Tiona LT 0.15] 0.14 %3 0.29 0.34
188 | .
Tiona 1.62 0:05 || 0.15 6.9 0.30 0.31
595 -
Tiona 1.70 0.11 | 0.16 6.3 0.27 0.31
596 N - ) |
Tiona 1.51 0.17 | 0.11 8.0 0.32 0.22
| RCL-4 |
' Tiona 1.11 0.14 | 0.15 7.4 0.27 1 0.19
. RCL-9 - |
__R10I 1.54 1020 0.08 Fi 0.22 | o1l
R700 1.83 0.11] 0.13 6.6 §.29 029 |
R706 1.56 0.04 | 0.19 6.9 0.30 l 0.38
| R900 1.64 [ 0.09 | 0.12 7.3 |
R931 1.20 0.13 | 0.17 (¥ 0.17 0.3
W26 -
CR-470 2.10 0.09] 0.23 T 0.31 063
CR-813 | 124 0.04] 021 7.5 0.18 [ 020 |
CR-826 1.72 0.2 || 416 6.4 0.26 | 0.30 B
CR-834 1.83 0.07 1 0.15 S 0.26 0.30

SD = Standard Deviation, v;, = deposition velocity

e SURFACE MODIFICATION OF T10O;

Each of the commereial powders tested in the aerosol chamber exhibited unique
obscuration properties, which are greatly influeneed by the surface coatings used in their
manufacturing proeess. Coatings play a vital role in the prevention of agglomeration and control
of particle size. In order to gain a greater understanding of which coatings mmpact the
obscuration properties of TiO: powders, a series of coating studies were conducted.

Ti0-, like other oxides of aluminum, zirconium, and nickel are amenable to
surface modification with organosilanes. These surface modifiers can create either a
hydrophobic surface or hydrophilic surface, depending upon the chosen organosilane. The
general formula of an organosilane 1s:

RS (22)

Here X 1s a hydrolyzable group such as an alkoxy, amine, or halogen and R is an alkyl group. 1If
the hydrolyzable group is an alkoxy, the rate of hydrolysis is inversely proportional to the size of




the alkoxy group. The rate of hydrolysis is also deereased with a deerease in the number of
alkoxy substitutions.

Upon hydrolysis, silanol groups (-SiOH) arc formed, which can subscquently
condense with other silanol or hydroxyl groups on the surface of particles. Typically,
condensation first occurs between silanol groups of adjacent organosilanes producing
oligomers.” The oligomers subsequently form hydrogen bonds with the hydroxyl groups that are
present on a substrate surface or particle. Covalent bonds between the oligomer and substrate are
finally formed via further condensation and curing. A mechanism for the reactions of an
alkyltrimethoxysilane is provided in Figure 3.

R R R
RSIOMe), — o0, RSi{OH), - THo™, I |
-IMeOH 0 HO —L—o—sll—o—si—
OH OH
+
T
Substrate
A 4
R R R
HO —$1—0—$1—0
HO ~0—$i—0
0 L ) o, 0 N
T T H H I-( H H\ ;H ) HriregenSendeg

— ‘T o T"\/

Substrate

Figurc 3 - Reaction of Organosilane with Substrate Particle

Surface modification experiments using organosilanes were performed to
determine the impact of coating on the attenuation performance of TiO, powder. Four different
organosilanes were chosen as coupling agents. These included n-octyltriethyoxysilanc (OTES),
n-octadecyltrimethoxysilane (OTMS), tridccafluoro-1,1,2,2-tetrahydroctyltrimethoxysilanc
(TDFTMS), and diphenyldimethoxysilane (DPDMS) (Gelest, Morrisville, PA). Coating was
achiceved using a Gemceo slant-cone blender (0.5 ft’ working capacity) equipped with an airless
liquid injection system and agitator (Gemco, Middlesex, NJ). The liquid injection system was
used to introduce the dissolved silane during blending. Millennium TiO», grade RCL-9, was
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used as the substrate for all coating experiments. RCL-9 was choscn for its high purity and
absence of organic coating. A summary of experimental procedures is provided herein:

i Placed approximately 96 g of a given silane in 125 mL ethanol and
magnetically stirred until dissolved.

2. Placed approximately 11.5 kg TiO, powder in slant-cone blender and
scaled.

3. Preheated the blender to 110 °F, set rotation speed to 4 RPM, and set
pressure to S in Hg for S min.

4. Vessel pressure was subsequently set to 7 in Hg, rotation speed to 22 RPM,
and agitator to 3300 ft/min.

o The silane/ethanol solution was subsequently spraved in over a 5-7 min
period. Rotation and agitation continued during sample introduction.

6. Upon completion of sample introduction, rotation and agitation continued
for 5 min.

7. The agitator was turned off.

8. The jacket temperature was set to 105 °C, the rotation speed was
decreased to 4 RPM., and the pressure was set to approximately 28 in Hg.

9. Continued blending for approximately 1.5 hr.

10. Cooled batch to ambient tcmperature and immediately placed coated batch

in seal tight containers.

In addition to the experiments involving the hydrophobic organosilanes, two
additional coatings that imparted a degree of hydrophilicity were explored. These included
trimethylolethane (TME) and trimethylolpropane (TMP). TME and TMP are organic polyols.
which are commonly used in the surface modification of pigments. The prescnce of the three
hydroxyl groups allows both TME and TMP to covalently bond to the substrate particle via
condensation and curing. Upon completion of bonding, the presence of the free hydroxyl groups
imparts a degree of hydrophilicity to the particle surface, which is in contrast to the more
hydrophobic organosilanc coatings.

Surface modification experiments with TME and TMP were identical to the
organosilane experiment with one exception. 0.5% by mass TME or TMP was added rather than
the 0.8% used with the organosilanes. This was achieved by dissolving approximately 60 g of
TMP or TMP in 100 mL H>O. All other coating and blending procedures were the same as
previous experiments. Proposed mechanisms for the surface modifieation of a particle with TMP
are provided in Figures 4 and 5.
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Figure 4 - Proposed Mechanism for the Surface Modification of a Substrate with TMP
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Figure S - Alternative Mechanism for the Addition of TMP to a Substrate Particle
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Chamber Tests—Pneumatic and Explosive Dissemination of Surface
Modified Ti0O»

Pncumatic and explosive dissemination of the surface modified powders was
achieved in the same manner in which the commercial lots of TiO, were disseminated. Namely,
the powders were disseminated through an SRI nozzle with an outlet pressure of 90 psi and with
a M106 grenade. All powders were tested in triplicate. Mass extinction, yield, and calculated
particle diameters were calculated using the methods described in Section 1. The pneumatie and
explosive results are displayed in Tables 4 and S, respectively. A comparison of spectra between
the uncoated and top performing coated (diphenyldimethoxysilane) versions of lot RCL-9 1s also
provided in Figure 6.

Table 4 - Pncumatic Dissemination of Surface Moditied Ti0O-

. Extinction 3 Cal‘culalgd ]
Matenal SD | Yield | Partuiele Size
(0.4-0.7 pm) |

| (pm)
TME Coated TiO; 3.85 039/093 | 23 |
TMP Coated TiO; 5.5 050 093 [ 26 |
TDFTMS Coated TiO, 3.58 0131093 20 |

DPDMS Coated TiO> 4.07 002096 | 27
n-ODTMS Coated TiO; 3.83 031[090 [ 22 |
__n-OTES Coated TiO, 3.76 0.09] 096 | 2. 2 _J

_"
c
[
[3S]
L}

TME = Trimethylolethane, TMP = Trimethylolpropane. TDFTMS - Tridecat
tetrahydroctyltrimethoxysilane. DPDMS = Diphenyldimethoxysilane,

n-ODTMS = n-octadecyltrimethoxysilane. n-OTES = n-octyltriethoxysilane.

Table S - Explosive Dissemination of Surface Modified TiO»

' Material 2 Calculated
EXIIEI 0T Particle Fill Figure of
(0.4-0.7 SD | Yield o : ‘
Size Fraction Merit
pm) (um)

TME Coated TiO; 205 [ 0.10 | 0.24 6.3 032 | 067

TMP Coated TiO; 1.99 0.10 | 0.24 6.4 0.30 . 0.61

TDFTMS Coated 1.74 0.032 | 0.22 7.1 0.29 0.47
TiO, ) | ]

DPDMS Coated TiO» 2.46 0.06 | 0.30 5.4 030 | 0.94

n-ODTMS Coated 1.66 0.02 | 0.18 8.2 0.30 0.38
TiO, I D

n-OTES Coated TiO, 2.08 0.18 | 0.20 6.4 030 | 0.53
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Extinction of Uncoated Titanium Dioxide vs. Diphenyldimethoxysilane (DPDMS) Coated T tanium Dioxide

DPDMS Coated: SRI Nozzle

Uncoated: SRI Nozzle

DPDMS Coated: Explosive Dissemination
Uncoated: Explosive Dissemination

.g
é
L]
§
Wavelength.(microns)
Figure 6 - Extinction Comparison of Uncoated vs. Coated TiO;
6. MATERIAL CHARACTERIZATION OF TIO> POWDERS

Charactcrization results for all powders arc provided herein. The techniques used
to characterize the powders includc particle sizc analysis, powder flow measurements, contact
angle measurements, SEM, and mass spectrometry. A description of each instrument is also
provided. The goal of these tests was to providc a library of information regarding surface
modified TiO, powders. An additional goal was to determine if any correlation between the
physical and obscuration propcrtics of these powders existed.

6.1 Particle Size Analysis

The particle sizes of all powders were measured using a Sympatec (Clausthal-
Zcllerfeld, Germany) HELOS laser diffraction sensor with a RODOS powder dispersing unit.
The instrument houses a HeNe laser (632.8 nm) and Fourier lens. Upon introduction of the
particles into the beam, the beam is diffracted at an angle 6 that is indicative of the particle size.
The diffracted beam is focused by the Fourier lens onto a multi-element photo detector containing
31 semi-circular rings. The intensity and spatial distribution of the diffracted light on the 31 scmi-
circular detector rings is used as a basis for determining particle size and distribution. Particle size
results for the commercial and experimentally coated powders are provided in Ta<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>