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This paper examines a new precipitated silica1 (Dimosil) derived from the
mineral porcellanite using a low-temperature, low-pressure synthetic protocol. The process generates silica with a
morphology comparable to that of commercially available silica marketed as
highly dispersing.
This report will describe the unique
aspects of the Dimosil synthesis. X-ray
and light scattering techniques are then
used to compare Dimosil to commercial
Zeosil 1165 (Rhodia) and Ultrasil 7005
(Degussa). The commercial samples are
labeled in this paper as A1 for Zeosil
and B1 for Ultrasil. Finally. the mechanical properties of reinforced organic
rubber are reported.
The reinforcement of elastomers by
aggregated fillers such as carbon black
and precipitated silica is a well-studied

TECHNICAL NOTEBOOK
Edited by Harold Herzlichh
area with recent work on the enhanced
performance of precipitated silica.2-4 Several recent reviews on elastomer reinforcement emphasize the contribution of
the filler network5-8 and filler morphology9,10 to reinforcement. The ability to relate the filler structure to mechanical reinforcement is of value for the synthesis
of filler particles with tunable structures
optimized for specific applications.9

Silica synthesis
The materials studied here were synthesized at the Dimona Silica Industries
Ltd. pilot plant located at Ben Gurion
University of the Negev in Beer-Sheba,
Israel. The Dimona plant is under construction in the nearby town of Dimona,
Israel.1 The Dimona site is at the northern edge of the Negev desert where the
only known surface deposit of the mineral porcellanite is found.
This mineral is the key to the efficiencies associated with the new generation
precipitated silica. The 2008 production
target is 40,000 metric tons per year of

Executive summary
An efficient method is described for the production of precipitated silica from
porcellanite, a mineral rich in amorphous silica found in the Negev desert. The
resulting silica, Dimosil, is produced by a low-temperature, low-pressure solution process.
The product is being optimized by Dimona Silica Industries Ltd. with a
planned annual silica production of 40,000 metric tons in 2008. Silica can be
synthesized with specific surface areas in the range of 100-400 m2/g.
The Dimosil was evaluated using light scattering and ultra small angle X-ray
scattering to determine its morphology at different size scales. The results
show that the Dimona process produces silica with a ramified structure that
can be tailored through processing protocol.
The tread-grade Dimosil was incorporated into organic rubber formulations
and the mechanical properties were measured. The Dimosil-reinforced compounds were compared to compounds reinforced with competitive highly dispersing precipitated silica. The Dimosil shows excellent dispersion and reinforcement properties.
precipitated silica along with 35,000
tons per year of precipitated calcium
carbonate. The production potential of
the plant is 200,000 tons per year with a
200-year supply of raw material available in the Negev.
The new process substantially reduces
the energy requirements to produce precipitated silica. Fig. 2 shows a simplified diagram of the synthetic scheme.11
Synthesis (left column of Fig. 1) starts
with the pulverizing of porcellanite. Porcellanite is rich in amorphous silica and
crystalline calcium carbonate, both of
which are important to the Dimona
process. Pulverization is followed by
leaching of porcellanite with concentrated
sodium hydroxide to give sodium silicate
(water glass), as shown in Reaction 1.
The water-glass solution is then neutralized with carbon dioxide. The result
is a basic solution of silica and sodium
carbonate, as shown in Reaction 2.
The morphology and properties of silica are tailored during the carbonization
step, Reaction 2. The process is capable
of making precipitated silica with surface areas that range from 60 m2/g to
more than 300 m2/g and a range of aggregate and agglomerate morphologies.
The final silica precipitate is separated,
washed, neutralized, filtered and dried.
The key advantage of the Dimona
process is found in the leaching step. Because of the high amorphous silica content of porcellanite, water glass is formed
under mild conditions compared to that
required for conventional water-glass

Fig. 1. Schematic of the solution synthesis process for making precipitated silica
and precipitated calcium carbonate from Negev-mined porcellinite. The synthetic
steps are on the left. Red shows the energy path and blue shows recycling of sodium hydroxide and production of PCC.

production, which requires dissolution of
crystalline silica. In the Dimona process,
leaching is carried out at less than 100°C
and at atmospheric pressure. Conventional water-glass production requires
melting at 1,500°C and high pressure.
Recycling of process chemical is intrinsic to the Dimona Process. Sodium hydroxide, for example, is recycled (indicated
in blue cycle in Fig. 1) using quicklime
(CaO) derived from calcined CaCO3 to
caustify the Na2CO3, which is a product of
the carbonization reaction, Reaction 2.
The caustification reaction, Reaction
4, generates precipitated calcium carbonate, a valuable commodity in its own
right. The carbon dioxide product of calcination, Reaction 3, also is recycled
into the neutralization stream.
Further economies are realized by integration of a combined-cycle 100-MW gasfired electric power plant (red in Fig. 1).
The plant produces the thermal energy required for calcination with excess power
fed into the electric power grid. Steam
from the low-pressure exhaust of the
steam turbine is utilized in the leaching
step and waste heat from the gas turbine
is used to dry the final silica product. Finally, combustion products (carbon dioxide and water) are also injected into the
neutralization stream resulting in a near
zero-emission power cycle. The only waste
streams from the plant are inorganic and

organic residuals, which are returned to
the mine.

Silica morphology
As illustrated by the transmission
electron micrograph in Fig. 2a, precipitated silica has a complex morphology
that spans nanometer to micron sizescales.10,12,13 Manipulation of the morphology at each structural level determines
the properties of the product. Reinforcing silica powder displays at least three
structural levels (inset Fig. 2b).
At the smallest size-scale, quasispherical primary particles are found
ranging in size from 100-500 Å in diameter. These primary particles control the
specific surface area of the powder. The
primary particles are clustered to from
disordered aggregates at the 0.1-µm
size-scale. Typically aggregates are further linked to form agglomerates that
extend up to hundreds of µm in size.
Witten, Rubenstein, and Colby, hereby
noted as WRC,14 discuss a model relating
the morphology of aggregates to reinforcement. To understand the implications of the WRC model, it is necessary
to introduce a formalism to characterize
disordered objects such as aggregates
and agglomerates, which are collectively
referred to as “clusters.” Fractal geometry is useful in this regard especially because fractal dimensions are easily determined by scattering methods.15,16
Fig. 2. Morphological data on Dimosil
288. (a) TEM showing aggregated structure of primary particles. The bar is 0.25
µm. (b) Scattering intensity vs. scattering vector, q, showing combined ultra
small-angle x-ray scattering and smallangle light scattering. The insets show
the classes of morphology observed in
the different q regions. Primary particles
cluster to form aggregates, which in turn
cluster to form hard agglomerates. The
soft agglomerates are not shown.

A

Reaction 1. Dissolution.
Na2O•H2O+nSiO2→(Na2O)(SiO2)n+H2O
Reaction 2. Carbonization.
(NaO)(SiO2)n+CO2→ Na2CO3+n SiO2
Reaction 3. Calcination.
CaCO3→ CaO + CO2
Reaction 4. Caustification.
Na2CO3 + CaO → Na2O + CaCO3
Reaction 5. Mass fractal dimensions.

Reaction 6. Connectivity dimension.

Equation 1. Bending modulus.
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desired morphology of precipitated silica
is an aggregated structure of low fractal
dimension with a size of about 1,000 Å.9,10
Larger structures must be broken down
during compounding. Thus the largescale agglomerates should be soft or
weakly bonded to facilitate breakdown to
the smaller, harder aggregates. These
considerations motivate the design of the
water-glass carbonization step (Reaction 2), which is optimized to produce
soft agglomerates and hard aggregates.

The mass fractal dimension, df, is defined by the relationship between the
number of primary particles, N, and the
aggregate size, R (see Reaction 5).
The exponent df need not be integer—
hence the name fractional or fractal dimension. However df is integer for Euclidean objects such as rods (df=1), sheets
(df=2) and spheres (df=3). For mass-fractal clusters such as aggregates, df roughly

Technical

Characterization of silica
To optimize the morphology of precipitated silica for rubber reinforcement in a
systematic fashion, it is necessary to
quantify filler morphology over six
decades in length scale. Small-angle
scattering is the method of choice for
this task.17,18
In a scattering experiment the scattered radiation is measured as a function of the scattering vector, q, which is
defined as: q=4 sin (/2)/ where  is
the wavelength of the incident radiation
(light, X-ray, neutron) and  is the scattering angle. The two scattering techniques used in this work are ultra smallangle X-ray scattering and small-angle
light scattering. By combining the scattering from these instruments it is possible to cover a q range from 10-6 Å-1< q <
1.0 Å-1, which corresponds to a size
range 1 Å < q-1 < 100 µm.
In Fig. 2, the insets show the classes
of morphology observed in the different
q regions. Primary particles cluster to
form aggregates, which in turn cluster
to form hard agglomerates. The soft agglomerates are not shown.
Fig. 2b shows a log-log plot of scattered
intensity vs. q for data taken using both
ultra small-angle scattering and smallangle light scattering. Light scattering

measures the same properties as dibutyl
phthalate absorption. Low fractal dimensions mean open structures that readily
absorb large quantities of DBP.
The deformability and therefore the
reinforcing potential of fractal aggregates is controlled by a second fractal dimension called the connectivity dimension, c.14 This parameter relates the
shortest path length, L, that spans a
cluster to the overall size, R, of the cluster. See Reaction 6, where “a” is the
size of the primary particle.
Highly branched structures have large
connectivity exponents. Linear spanning
paths imply a connectivity exponent of
one. For precipitated silica c ≅1.1 based on
simulations of the aggregation process.14
In the WRC reinforcement model
modulus enhancement is determined by
the bending modulus, GA, of the longest
arms of the aggregate, as in Reaction
7, where E is the bulk modulus of the
material making up the aggregate. Reaction 1 shows that the modulus of the
aggregate drops precipitously with R.
Therefore large-scale aggregates (R >
~1,000 Å) are nonreinforcing because
their bending modulus falls below that
of the rubber matrix.
Based on the above considerations, the

covers the region q < 103 Å-1 and X-rays
scattering cover q > 3 x 10-4 Å-1. In the example shown, four structural levels are
required to fit the data. We refer to the
levels as primary particle, aggregate and
two levels of agglomerates (soft and
hard). These data were obtained for a developmental product, Dimosil type 288.
Fig. 2b illustrates two basic features
observed in scattering from aggregated
particles: power-law regions (linear regions on a log-log plot) separated by kneelike transitions or Guinier crossovers. The
unified data analysis technique19 can fit
the entire scattering curve and identify
both the power-law exponents, -P, and the
size associated with each level. The size is
called the Guinier radius, Rg, in honor of
Andre Guinier, the pioneer of small-angle
scattering.20 In most cases Rg is the radius-of-gyration of the objects doing the
scattering at a particular structural level.
The observed crossovers in Fig. 2b
arise from scattering by primary particles at q ~ 10-2 Å-1, aggregates at q ~ 5 x
10-4 Å-1 and the two classes of agglomerates at q ~ 10-6 Å-1 and 5 x 10-5 Å-1. The size
scales are included in the figure.
The two crossovers at low-q indicate two
agglomerate sizes, which are classified
here as “soft” agglomerates (q~10-4 Å-1) and
as “hard” agglomerates (q~5 x 10-4 Å-1).
The distinction between hard and soft agglomerates is that the soft agglomerates
will likely break up under sonication while
the hard agglomerates do not.
Taking the fit parameters from the unified analysis, it is possible to quantify the
structure of silica at each size-scale.10 Each
level has a characteristic length-scale, Rg,
and a power law slope, -P. In addition
each level is characterized by an amplitude factor or Guinier prefactor, G, which
is proportional to the mass of the object
doing the scattering. We will use G to de-
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termine the degree of aggregation below.
In the case of uniformly dense objects,
like the primary particles, the power-law
exponent, -P, or slope on a log-log plot is
related to a new fractal dimension called
the surface fractal dimension, ds, as P=6ds. For a smooth surface ds=2, corresponding to P=4, as observed for the primary
particles. For rough surfaces, 2 < ds < 3,
corresponding to 3 < P < 4. The slope of
-3.2 at q=10-4 indicates that the hard agglomerates have a rough surface (see the
inset of Fig. 2b for a schematic). Such objects are referred to as surface fractals.
When 1 < P < 3, the scattering arises
from mass-fractal objects of dimension
df=P. Because P falls in this range for
the large-scale soft agglomerates we
conclude that they are mass-fractal clusters made up of the more compact hard
agglomerates. By the same analysis, the
aggregates are mass fractal clusters of
primary particles, as shown in the inset.
See Silica, page 18
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Silica
Continued from page 17
The ultra small-angle scattering measurements on silica powders in Fig. 2b
were collected using a Bonse-Hart camera covering a q-range of 0.0002 - 0.4 Å-1
(Beam line ID-33, Advanced Photon
Source, Argonne National Laboratory).
The data were corrected for sample
transmission and for background scattering arising from the tape and air.
Small-angle light scattering measurements were performed using a Saturn
Digisizer 5200 (Micromeritics) on water
suspensions of the silica powder. The
samples were pre-weighed with the sample weights ranging from 0.05 to 0.06
grams in order to maintain 5 percent
laser obscuration.
The dry powders were dispersed in
~800 mL of water and the Digisizer was
run using the circulation mode at a flow
rate of 6.0 L/min. The samples were first
measured without sonication, with three
measurements performed for each sample
while the samples were re-circulated between measurements. The samples were
then subjected to sonication for 10 seconds at 100-percent power, which corresponds to an energy of 72 watts. Sonication was repeated 8 times for each sample
giving total sonication times from 0 to 80
seconds. For the sonication measurements, the sample solutions were diluted
automatically to maintain a 5-percent
laser obscuration. Often the obscuration
increases with particle break-up leading
to possible multiple scattering if the initial concentration is too high. The data reported here were recorded without sonication. With sonication, the large-scale soft
agglomerates break up (not shown).

Rubber compounding
The tire recipe used for formulating the

filled elastomer compounds is shown in
Table I and the compounding procedure
is shown in Table II. PHR refers to parts
per hundred parts of rubber by weight.

Morphology
The Dimosil sample was compared to silica A1 and B1. The samples were measured
USAXS and light scattering and they also
were compounded into elastomers using a
formulation similar to that used in tiretread compounds (Tables I and II). Table
III lists the BET surface area and DBP
number, and Fig. 3 shows the scattering
curves for the three powders.
In Fig. 3, each sample shows four
structural levels with the Rg for some of
the levels indicated in the graph. The
power-law value for the second level, corresponding to the mass-fractal dimension, df, of the aggregate also is indicated. The commercial A1 and B1 samples
show almost identical morphologies. The
data are presented on a log-log plot to facilitate identification of power-law regions and Guinier crossovers.
The samples plotted in Fig. 3 all show
four structural levels related to the primary particle, aggregate, and two agglomerate structures as discussed
above. The A1 and B1 samples show
similar sizes and dimensions at each
level. Dimosil has a larger primary particle size, indicated by an Rg of 126 Å,
while the commercial sample’s Rgs are
96 Å for A1 and 85 Å for B1. The unified
fit parameters for the first two structural levels are shown in Table IV.
The Guinier prefactors, G, associated
primary particle and aggregate can be
used to calculate the degree of aggregation, z.17 The degree of aggregation is
shown in Equation 2, where G2 is the
pre-factor the aggregates and G1 is the
pre-factor for the primary particles. The
degree of aggregation represents the
number of primary particles that make
up the aggregates. This parameter gives

additional information about the morphology of the aggregates beyond the
simple measure of size that is obtained
through Rg. The Dimosil sample shows a
degree of aggregation of 742, which falls
between the two commercial samples.
Table IV also displays the mass-fractal dimension, df, for the second level aggregate structure. The df=1.63 for Dimosil is less than 2.13 for A1 and 2.37 for
B1. The lower value for df could indicate
a more open structure,21 but it also could
arise from less interpenetration of the silica aggregates occurring during drying.22

modulus for both samples is 90 percent.
For the uncured rubber, the difference
is an indicator of reinforcement properties of the filler assuming no reinforcement contribution from a rubber network. The similarity indicates that the
two silica samples interact similarly
when dispersed in the rubber.
In Fig. 4b the stress-strain measurements are shown for the vulcanized samples. The Dimosil sample has a higher
modulus at low strain and a significantly
lower ultimate elongation. Tear resistance at 23°C, rebound at 23°C, and the
See Silica, page 21

Mechanical properties
Each of the samples was compounded
using typical tire-tread formulations
(Table II). The vulcanized rubbers were
tested using dynamic mechanical analysis and tensile testing. Fig. 4 shows the
results of the stress-strain, dynamic
strain sweep and dynamic mechanical
temperature sweep measurements.
The mechanical testing data indicate
that the compound reinforce with Dimosil differs only slightly from that containing B1. In Fig. 4a Dimosil shows a
modulus that was nearly the same as B1
for the uncured samples. The 0.5 percent
and 400 percent moduli (G*) for the Dimosil compound are 592.7 and 60.0 kPa,
while for the B1 compound the values
are 613 kPa for 0.5 percent and 57.6 kPa
for 400-percent strain. The change in

Fig. 3. USAXS and SALS results for Dimosil 288, A1, and B1.

Equation 2. Degree of aggregation.

Table IV. Fit parameters for the first two levels of the silica samples shown in Fig. 3.

Table I. Rubber formulation used in preparing sample compounds.

Table V. Mechanical testing results for vulcanized compounds.

Table II. Comparison of precipitated silicas.

Table III. BET surface area measured by gas adsorption and DBP number.

Fig. 4. Shows mechanical testing results for Dimosil 288 and B1 compounds. (a)
Strain sweeps performed on a Rubber Process Analyzer at 60°°C on uncured samples, (b) stress-strain measurement on vulcanized samples, (c) and (d) dynamic
mechanical testing results on vulcanized samples.
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Silica
Continued from page 19
coefficient of friction by pendulum at
23°C were also measured. The results of
these tests along with the 100-percent
and 300-percent moduli from the tensile
test are shown in Table VI.

Technical

the silica with the elastomer matrix. 23
In (c) and (d) of Fig. 4, the results of a
dynamic-mechanical temperature sweep
are shown for both silica samples. At
-20°C, Dimosil shows higher hysteresis
while at 60°C the Dimosil sample has
slightly lower hysteresis. Similarly, the
storage modulus is higher at lower temperature and lower at higher temperature
with the crossover of the Dimosil sample
modulus and B1 occurring near 30°C.

Conclusion

Dimosil showed lower tear resistance
and ultimate elongation but higher modulus and abrasion resistance compared
to B1. While there are no formal theories
relating the structure of fillers to these
properties, empirical testing has shown
that higher modulus and abrasion resistance may relate to better interaction of

This work shows the capability of the
new Dimosil process technology to produce a porcellanite-derived silica with
excellent reinforcing properties. The
data for the silica show that Dimosil is
similar in structure to the A1 and B1
commercial samples. The results from
the compounding indicate that the Dimosil sample has better abrasion resist-

ance and similar dynamic mechanical
properties.
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U.S. rubber product deficit expands 9% in 2006
WASHINGTON—The U.S. rubber product trade deficit increased 9.4 percent
in 2006 to $7.57 billion, more than double the figure’s size in 2002.
The deficit was $3.65 billion in 2002,
and rose to $4.53 billion in 2003, $5.61
billion in 2004 and $6.92 billion in 2005,
according to U.S. Commerce Department
data. Exports for 2006 gained 10.7 percent over the year before to $6.3 billion,
while imports climbed 10 percent to
$13.9 billion.
The trade deficit for December jumped
8.6 percent to $635.9 million, as exports
grew 6.3 percent and imports 7.6 percent.
The tires and related products deficit
increased 12.8 percent in 2006 to $5.29

billion, while in December the figure rose
11.6 percent to $467.1 million. Exports
for the year expanded 11.3 percent to
$3.34 billion and imports 12.2 percent to
$8.63 billion.
The passenger tire deficit for the year
climbed 5.6 percent from 2005 to $2.45
billion, as exports increased 3 percent
and imports 4.6 percent. The truck and
bus tire deficit surged 16.3 percent to
$1.9 billion, with exports rising 18.5 percent and imports 17.1 percent.
On the supply side, the U.S. rubber-related surplus for 2006 ballooned 41.3
percent over the previous year to nearly
$641 million, as exports expanded 18
percent to $4.88 billion and imports
gained 15.1 percent to $4.24 billion.

U.S. RUBBER TRADE BALANCE
(in thousands of dollars)

December November December
2006
2006
2005

Product category
Tires & related
products
Passenger
tires
Truck & bus
tires
Aircraft
tires
Motorcycle
tires
Retreads
Solid
tires
Bike
tires
Used pneumatic
tires
Inner
tubes
Belting
Miscellaneous
rubber goods
Rubber threads
& cords
Footwear**
Vulcanized rubber
thread & cord

Exp.
Imp.
Exp.
Imp.
Exp.
Imp.
Exp.
Imp.
Exp.
Imp.
Exp.
Imp.
Exp.
Imp.
Exp.
Imp.
Exp.
Imp.
Exp.
Imp.
Exp.
Imp.
Exp.
Imp.
Exp.
Imp.
Exp.
Imp.
Exp.
Imp.

240,192
707,264
105,577
339,204
87,738
238,277
3,563
3,813
1,375
15,341
1,578
3,665
9,149
12,299
344
2,232
2,264
6,216
2,201
6,644
19,544
37,327
129,605
192,952
1,081
1,975
62,734
1,425,804
18,505
17,547

270,646
715,418
123,242
329,720
98,048
247,476
4,201
3,902
1,320
15,529
2,707
2,289
9,144
11,972
590
2,636
3,116
3,135
1,422
6,709
17,338
37,550
145,102
205,465
791
2,367
75,338
1,485,007
19,319
16,710

Year to date
2006
2005

Monthly
balance

237,467 3,337,474 2,999,127
-467,072
655,990 8,631,802 7,694,760
105,447 1,454,964 1,413,049
-233,627
299,020 3,904,890 3,733,050
87,363 1,206,097 1,017,663
-150,539
233,311 3,105,417 2,650,978
4,060
61,853
53,036
-250
2,567
42,164
35,838
2,583
23,841
23,861
-13,966
14,253
166,821
143,901
1,540
27,198
16,862
-2,087
640
15,025
10,697
6,568
103,949
80,374
-3,150
12,252
162,011
158,585
986
8,732
8,938
-1,888
3,056
38,552
36,019
2,695
39,535
26,776
-3,952
4,277
43,445
34,165
3,117
20,829
47,708
-4,443
5,812
84,486
76,333
15,877
234,264
229,565
-17,783
33,376
497,473
430,215
116,044 1,621,983 1,448,587
-63,347
183,701 2,431,561 2,394,773
618
9,055
10,207
-894
1,354
23,888
17,734
59,279
829,362
726,827 -1,363,070
1,374,354 19,037,910 17,834,046
15,441
244,714
221,757
958
14,377
199,473
163,738

December November December
2006
2006
2005

Product category
RUBBER PRODUCT TRADE
TOTAL
Hose, tubes, pipes
of rubber
Hygienic or pharmaceutical
goods
Condoms
Rubber- and plasticcoated garments
Crude
rubber
Natural
rubber (total)
Synthetic rubber
(total)
Natural rubber
smoked sheets
Technically specified
natural rubber
Natural rubber
latex
Styrene-butadiene
rubber
Polybutadiene
Isobutene
Polychloroprene
Nitrile
EPDM
Reclaimed
rubber
Rubber
compounds
Carbon & carbon
black
Polyurethanes
Silicone
TOTAL RUBBERRELATED TRADE
TOTAL U.S.
RUBBER TRADE
TOTAL U.S.
MERCHANDISE TRADE*

Exp.
Imp.
Exp.
Imp.
Exp.
Imp.
Exp.
Imp.
Exp.
Imp.
Exp.
Imp.
Exp.
Imp.
Exp.
Imp.
Exp.
Imp.
Exp.
Imp.
Exp.
Imp.
Exp.
Imp.
Exp.
Imp.
Exp.
Imp.
Exp.
Imp.
Exp.
Imp.
Exp.
Imp.
Exp.
Imp.
Exp.
Imp.
Exp.
Imp.
Exp.
Imp.
Exp.
Imp.
Exp.
Imp.
Exp.
Imp.
Exp.
Imp.

474,591
1,110,526
49,635
68,536
6,638
3,702
1,661
2,642
9,391
81,223
228,143
198,655
6,157
119,396
221,986
79,260
436
14,381
2,140
88,696
1,211
15,719
52,907
17,389
50,239
9,225
28,001
8,574
17,840
4,010
10,974
10,942
37,984
11,823
624
2,969
35,366
23,265
17,647
12,238
48,283
15,979
70,832
24,545
400,271
274,682
874,862
1,385,208
89,239.6
149,135.3

522,695
1,145,709
53,319
73,517
6,047
3,816
2,054
2,883
10,133
90,866
217,606
270,237
5,834
184,214
211,772
86,022
346
18,114
2,045
146,973
1,127
15,823
48,528
19,618
47,916
9,786
28,928
8,575
13,409
4,614
8,120
11,133
36,232
13,543
443
3,616
40,748
25,627
17,973
12,432
44,982
17,052
79,771
21,694
401,080
347,042
923,775
1,492,751
91,239.8
156,968.3

Year to date
2006
2005

446,516 6,304,437 5,695,001
1,031,884 13,873,189 12,611,056
48,549
668,001
596,671
62,845
821,570
774,869
5,055
79,544
71,305
5,643
63,207
57,914
1,872
29,352
31,485
3,559
38,493
31,763
7,465
109,402
117,782
74,598 1,204,215 1,077,053
192,328 2,738,092 2,301,355
263,219 3,240,691 2,780,725
3,903
70,061
58,007
161,322 2,029,365 1,551,591
188,425 2,668,032 2,243,352
101,897 1,211,322 1,229,133
158
4,539
3,514
16,052
225,052
182,471
1,125
23,695
15,939
129,108 1,593,875 1,221,935
1,350
16,993
18,149
13,015
165,695
118,014
37,860
608,027
517,917
35,533
380,426
414,851
37,562
596,842
514,787
14,188
136,852
171,177
31,536
447,555
324,582
9,179
139,906
129,959
10,430
143,221
98,624
3,122
50,656
47,535
8,052
122,502
103,516
6,476
118,457
92,052
37,658
421,819
373,636
13,790
149,915
143,453
455
7,586
6,319
3,008
37,163
34,272
35,203
517,516
439,940
23,418
327,275
323,219
17,458
226,149
217,274
10,229
165,021
142,682
37,162
499,248
437,193
13,478
220,519
166,198
60,598
895,350
736,174
22,315
281,884
265,423
342,749 4,876,355 4,131,936
332,659 4,235,390 3,678,247
789,265 11,180,792 9,826,937
1,364,543 18,108,579 16,289,303
79,565.2 1,037,142.9 904,379.8
145,851.0 1,845,053.1 1,662,379.6

Monthly
balance
-635,935
-18,901
2,936
-981
-71,832
29,488
-113,239
142,726
-13,945
-86,556
-14,508
35,518
41,014
19,427
13,830
32
26,161
-2,345
12,101
5,409
32,304
46,287
125,589
-510,346
-59,896

Source: Commerce Dept.
*Figures in millions
**Footwear trade figures are listed in the chart for reference but are not used to compute the total rubber product trade deficit.
N.A.–Not Available.

