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INTRODUCTION

A vacuum insulation panel (VIP), which consist of a
micro-porous core structure, a thin gas tight envelope bag and
getter or desiccant, is the most energy-efficient thermal
insulation material is available in the market today. At present,
the thermal conductivity and thickness of vacuum insulation
panel with glassfiber core material are as low as 0.0015 W/
(m-k) and 5 mm, respectively, which have about 1/10 lower
thermal conductivity and 1/7-1/10 lower thickness than those
of the conventional thermal insulation materials'*. In recent
decades, vacuum insulation panels are the key materials in
the fields of high-end areas of energy, such as aeronautics,
astronautics, warships, submarine, missile launcher wall and
aircraft downtime wall>®.

Core material provides strength against the external
atmospheric pressure and particularly determines the thermal
insulation performance of vacuum insulation panels’®. At
present, glass fiber is widely used as the core material for
vacuum insulation panels. Glassfiber core material produced
by wet process includes the following steps: providing suspen-
sions of glass fibers; dewatering the suspensions to form a
wet-laid mat; drying and cutting the mat®. In glassfiber suspen-
sions, the van der Waals force between glass fibers plays a
major role which can attract glass fibers coupled together and
tangled with each other intricately because of high aspect ratio
of glass fiber'’. The glass fiber flocculation can seriously affect
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the distribution structure of core material after forming and
the direction of heat transfer in the fibrous material. Dispersing
media can be effectively used to disperse the fibers in water. A
source of supply of a suitable dispersant, such as cellulose, is
connected with water when the dispersant and water are mixed
together to form a viscous dispersion''. Thus, the dispersion
characteristic of glassfiber suspensions is the key technology.
However, relatively fewer research works on glass fiber suspen-
sions for vacuum insulation panels core material are found in
literatures. To resolve the problem of flocculation in glassfiber
suspensions for vacuum insulation panels core material, the
effects of the mean length of glass fibers and the dispersants
on dispersion characteristic of glassfiber suspensions were
investigated in the present paper.

EXPERIMENTAL

The centrifugal glass fiber was manufactured by Suzhou
V.I.P. New Material Co., Ltd. Hydroxyethyl cellulose (HEC),
hydroxypropyl methyl cellulose (HPMC) and sodium
hexametaphosphate (SHP) were supplied by Shangdong Head
Co., Ltd.

Morphology and microstructure of the glass fibers were
observed by scanning electron microscopy (SEM, Hitachi S-
4800). The glass fiber block with 2 g weight was cut into
horizontal and vertical geometries according to the average
length of glass fiber, which was about 38 mm. Afterwards, a
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concentration of 0.2 % glass fiber suspensions was prepared
at 2890 r/min speed beating for 1000 r by using a GBJ-A fiber
standard dissociation device. All components were dissolved
in deionized water. The aspect ratio of the best cutting samples
were drawn according to the data measured by fifty points
(fibers) before and after cutting, respectively. The experiments
were conducted at pH = 3.5 = 0.05 adjusted at room tempe-
rature by additions of sulfuric acid. The pH was measured
before and after the experiment by means of pH meter (PHS-
25 Q).

The best cutting samples were added with three different
dispersants uniformly and the addition amount of dispersants
was 0.004, 0.008, 0.012, 0.02, 0.03, 0.04, 0.06, 0.08 and 0.1 %
of its total amount, respectively. After 5 min standing, the
absorbancies of supernatant liquid of the suspensions were
observed by UV-1800 spectrophotometer (Shimadzu Corpo-
ration) under 968 nm absorption peak. The sedimentation
height of glassfiber suspensions were measured every 5 s in
300 mL glass beaker for free settling.

RESULTS AND DISCUSSION

The SEM micrograph of glass fiber is shown in Fig. 1.
The glassfiber vacuum insulation panel core material are
stratified randomly and entangled with each other. The mean
diameter of glass fiber was about 2.5 um while the average
length of glass fiber was about 38 mm.

Cutting and aspect ratio of glass fiber: The size of fiber
block was prepared according to the average length of glass
fiber. Table-1 shows the different cutting methods on the fiber
mass area. Obviously, with the decreased of fiber block size,
the fiber mass area and the mean length of glass fibers in
suspensions decreased too. The percentages of fiber mass area

S-4800 3.0kV 9.2mm x200 SE(M) 3/15/2013 13:02
Fig. 1. SEM micrograph of glass fiber

in the suspensions before and after cutting were 72.6 and 2.4 %,
respectively. At the same time, the mean length of glass fibers
decreased from 38 to 12 mm. It is noticeable that the dispersion
degree of glass fiber after cutting is significantly higher than
that of glass fiber before cutting.

Fig. 2 shows the effect of different fiber-block sizes on
glassfiber suspensions. The size of fiber block (a) was 80 mm
x 80 mm; after beating the suspensions appeared dense and
continuous glass fiber flocculation. Sample (a) showed a poor
dispersibility. The dispersion of the fibers in samples (d), (e)
and (f) were better than that of the fibers in samples (b) and
(c). Samples (g) and (h) showed better dispersion with less
tiny fiber content and no significant flocculation. Comparing
samples (d), (e), (g) and (h); samples (d) and (g) were rectan-
gular cotton-block and samples (e) and (h) were square cotton-

(a) 80mmx80mm (b) 40mmx80mm (c) 20mmx80mm (d) 20mmx40mm
(e) 20mmx20mm (f) 10mmx40mm (g) 10mmx20mm (h) 10mmx10mm

Fig. 2. Effect of different fiber-block sizes on glassfiber suspensions
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TABLE-1
EFFECT OF DIFFERENT CUTTING METHODS
ON THE FIBER MASS AREA
. . Mean length of
Number Ll loeke sie Fiber mass area (%) glass fit%ers
(mm) ()
a 80 x 80 72.6 38
b 40 x 80 52.7 30
c 20 x 80 48.1 26
d 20 x 40 14.9 23
e 20 x 20 16.2 16
f 10 x 40 154 13
g 10 % 20 24 12
h 10 x 10 4.7 13

block. The fiber mass area of samples (e) and (h) were higher
than that of samples (d) and (g). Thus, the square cotton-block
after beating showed a better dispersion because the rectangular
cotton-block in the water experienced more shearing force than
that of the square cotton-block. Hence, the dispersion of rectan-
gular cotton-block after beating was better than that of the
square cotton-block.

The measured average length of uniformly dispersed glass
fiber in sample (g) was 12 mm. Fig. 3 shows the aspect ratio
of fibers before and after cutting. It was shown that the aspect
ratio of glass fiber before cutting was 3-20 and present a discrete
distribution. After cutting, the aspect ratio of glass fiber was
main 0.5-4, which showed a decrease. According to the crow-
ding number formula'’:

2 (1Y
Ncmwd = ECV (Hj (1)

where Neowa 18 the crowding number, C, is the suspensions
concentration, [ is the length of the glass fiber and d is the
diameter of the glass fiber. When the aspect ratio of glassfiber
suspensions at the same concentration is reduced, the crowding
number of the fiber can effectively reduce consequently. Hence,
the possibility of glass fiber forming agglomerates in suspen-
sions would be reduced.
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Fig. 3. Diagram of aspect ratio of glass fibers before and after cutting

Dispersion characteristic of glassfiber suspensions:
Sedimentation rate and the absorbance of suspensions are
indirect but provide a simple way to measure the dispersion
of glassfiber suspensions. Generally, the slower the fiber
sedimentation rate, the longer the fiber suspension in the
suspensions and the better the dispersion of the suspensions.
When light passes through the suspensions, because of the
scattering and absorption of light of the intertwined glass fibers,
the incident light can not pass through that part of the
suspensions. According to the Lambert-Beer law":

1
A log[loj logT 2)
where A is the absorbance, T is the transmittance, I, is the
incident light intensity and I is the transmitted light intensity.
From eqn. (2), it is shown that the higher the absorbance, the
weaker the transmittance of suspensions. The lower the
absorbance, the stronger the transmittance of suspensions and
vice versa.

Fig. 4 shows the influence of dispersants amounts on the
absorbance of glassfiber suspensions. The absorbance was
0.041 when there was no dispersant. In the low concentration
of 0.012 %, the maximum value of the absorbance of suspen-
sions with hydroxypropyl methyl cellulose was 0.703, which
showed a better dispersion than that of hydroxyethyl cellulose
and sodium hexametaphosphate. In other words, glass fiber
show a good dispersion in high absorbance and form reunite
in low absorbance according to the eqn (2). With the increase
of concentration, the viscosity of the suspensions with hydroxy-
propyl methyl cellulose get bigger which results in weakening
the dispersion of hydroxypropyl methyl cellulose whiles
enhancing the thickening ability. The mobility of suspensions
became worse and the absorbance of glassfiber suspensions
slowed down and tended to be stable'. In the high concen-
tration of 0.04 %, sodium hexametaphosphate showed
enhanced dispersion. The absorbance of suspensions with
sodium hexametaphosphate was 0.663 which was higher than
that of hydroxypropyl methyl cellulose. While the suspensions
with hydroxyethyl cellulose kept a very low absorbance at its
optimum amount relatively (0.344 at concentration of 0.008 %).
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Fig. 4. Influence of dispersants amounts on the absorbance of glassfiber

suspensions
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Fig. 5 shows the diagrams of adsorption of three disper-
sants at the surface of glass fibers. The hydroxyethyl cellulose
is a kind of nonionic surfactant while hydroxypropyl methyl
cellulose is a kind of water-soluble organic polymer. Fig. 5a
indicates that when hydroxyethyl cellulose was added to the
suspensions, the consistency of suspensions increased'”. It was
observed that the glass fiber could not dispersed better in high
consistency suspensions. As for hydroxypropyl methyl
cellulose, Fig. 5b depicted that hydroxypropyl methyl cellulose
attached to the surface of the fiber, forming a thin lubricating
film equivalently. As a result, the fibers slide over each other
without tangles and the fine glass fiber content decreased
slightly'®. In this way, it explained that high concentration of
hydroxypropyl methyl cellulose makes low absorbance of
suspensions in Fig. 4. Thus, hydroxyethyl cellulose had a less
affect on dispersion of glassfiber suspensions than that of
hydroxypropyl methyl cellulose.

Suspensions with HEC Positive
charge
HPMC
Negative
(a) HEC () HPMC  (c) sHp Charge

Fig. 5. Diagrams of adsorption of three kinds of dispersants on the surface
of glass fibers

The glass fiber surface contains a lot of anionic group'’;
it could easily adsorbed charged H* from water molecules. In
this way water molecule polarized, so that its positive end faced
the interior of the fiber, whiles the negative end was toward
the outside fiber. Therefore the glass fiber was negatively
charged. Because of sodium hexametaphosphate is one kind
of anionic dispersants, the negatively charged fibers produced
specific adsorption to sodium hexametaphosphate when
sodium hexametaphosphate was added to the suspensions.
The negative charge on fiber surface changed to a more
negative direction, making the fibers repel each other and
dispersed stability as shown in Fig. 5¢'®.

Fig. 6 indicates the sedimentation height of fiber suspen-
sions added in optimal amounts of three kinds of dispersants.
The sedimentation heights of suspensions with hydroxyethyl
cellulose and hydroxypropyl methyl cellulose were 110 mL
and 100 mL, respectively, which were much higher than that
of sodium hexametaphosphate of 75 mL. It was illustrated
that the suspensions with sodium hexametaphosphate had a
relatively gentle subsidence rate at the same time because of
its highly dispersed suspensions.

The settlement state diagrams of glass fiber in the solution
are shown in Fig. 7. The fibers in Fig. 7a have a serious reunion
phenomenon which cause the glass fibers to form a layered
structure mat. Fig. 7b shows that it is typical of the dispersed
fibers settling in suspensions. Less flocculation made fibers
more dispersed and formed a uniform structure. Such results
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Fig. 6. Sedimentation height of fiber suspensions added in optimal amounts
of three kinds of dispersants

suggest that the higher the ratio of fibers dispersed into single
proportion, the slower the settling time''. Hence, Fig. 7a show
a higher sedimentation height and higher reunion fibers than
these of Fig. 7b at the same time.

T=0 T=0

(@)

Fig. 7. Settlement state diagrams of glass fiber in the solution (a) settlement

of reunion fibers (b) settlement of dispersed fibers

Conclusion

Cutting process made the glassfiber suspensions well
distributed and less continuous flocculated. The optimum
addition amounts of hydroxyethyl cellulose, hydroxypropyl
methyl cellulose and sodium hexametaphosphate were 0.008,
0.012 and 0.04 %, respectively. The glass fiber suspensions
with sodium hexametaphosphate at concentration of 0.04 %
had a high and stable absorbance 0.663 and had the best
dispersion, the minimum suspensions sedimentation height and
the slowest sedimentation rate. The dispersion of the glassfiber
suspensions prepared with hydroxypropyl methyl cellulose was
better than that of the glassfiber suspensions prepared with
hydroxyethyl cellulose.
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