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Abstract

Alien species are being moved around the world at the unprecedented rates as a result of
the increase in the international trade. Snails may be also transported from one country to another
country in and on internationally traded commodities. Snails consume vegetation, but more
importantly carry and spread diseases. Snails indigenous to Italy have arrived to the US on unit
loads of tiles. In this study, two species of Mediterranean snails, (Cernuella cisalpina with weight
of 0.096 g and Eobania vermiculata with the weight of 2.06g) were field collected in Maryland,
transported to and quarantined at Virginia Tech. Unit loads of tile were inoculated with these
snails and then subsequently treated with the saturated steam at the initial levels of 100, 250 and
500 mmHg. The results revealed that vacuum and steam technology can be used to kill both snails,
Eobania vermiculata and Cernuella cisalpine at the temperature of 56°C with the holding time of
30 minutes in less than 61 minutes with average treating time of 51.1 minutes at the initial vacuum
levels of 100 mmHg and 250 mmHg. However, it took longer than 4 hours to treat the products
at 500 mmHg. There are no measureable color and shape change to either tile. The average
breaking strength for ceramic tiles for both treated and control samples are 408.35 and 430.75 Ibs
respectively. And average breaking strengths for marble tiles for both treated and control samples
are 609 and 689.5 Ibs respectively. The average bending strengths of treated tiles were 5% and
12% less than that of untreated tiles respectively. For ceramic tile, it adsorbed about 0.78%
moisture of total weight during treatment. There was no change in the MC of marble tiles. The
corrugated paper boxes pick up about 4% moisture during treatment. For the corrugated
paperboard boxes, the average Burst strengths of control and treated samples are measured to be
203.2 and 267.1 Ib/in?. The treated paper board boxes has slightly higher in the burst strength than
control paperboard boxes. ECT for control and treated corrugated boxes 37.3 and 37.9 Ibs
respectively. The average compression strength of control and treated box samples are 407 and
375 Ibs respectively. There are no significant differences between them in both box compression
and ECT strengths before and after treatment. Corrugated packaging must be protected from liquid

condensate during treatment.

1. Introduction



Invasive species are being introduced faster into the US because of increasing global trade.
The introduced pests impact agriculture, the environment and commerce. Some of the pests can
harbor human pathogens. Snail can transport liver fluke diseases. In the United States, annual
costs associated with damage to the environment and to agriculture caused by alien species have
been most recently estimated as US$120 billion (Pimentel et al. 2005). Much attention has been
focusing on the invasive plants and insects. Mollusks also impact on agriculture (Godan 1983),
biodiversity (Lydeard et al. 2004), and human health (Hollingsworth et al. 2007) and can become
major public nuisances (Civeyrel and Simberloff 1996). Snails move on products and packaging.
Snails can harm nursery stock, grass seed fields, vineyards, fruits and crops. Snails can carry
diseases and parasites that are harmful to native animals and human.

One of the most diverse animals outside the arthropods is gastropods with more than
100,000 described species (Steinke et al., 2004). The subclass pulmonata contains the most
described species with approximately 35,000 species (Solem 1984). Snails belong to the class
gastropods of mollusks. Most snails are herbivores. The snail can retract its head and foot into
the shell to protect the snail from predators and desiccation.

Most gastropods are aquatic, but one group have expanded into terrestrial habitats.
Terrestrial snails are extremely diverse with their colors, shapes and sizes. The terrestrial snails
are easily spread on plants, soil, fruits, garden materials, etc. Many European and North American
species have established successfully outside of their original range. Most land snails are nocturnal
in order to avoid losing moisture through the skin.

Cernuella virgata, the maritime garden snail, has caused a serious problems in Australia
(Baker 2008). The snail frequently climbs to the top of vegetation to escape high temperatures and
drought conditions. Toxins from snails contaminate grain and is harmful to animal or human
consumption. The snail can contaminates pastures. Cernuella virgata is native and endemic
species to Mediterranean and Western Europe including the British Isles. This species was
reported in the Eastern USA (Cowie et al. 2009) and Australia (Baker 2008), where it represents
an introduced invasive species. In the USA, Cernuella virgata is considered of priority quarantine
importance (Cowie et al. 2009), while in Australia the species has the status of a serious pest
species in agriculture (Baker 2008). The snails are principally regarded as pests because they
interfere with grain harvests (Baker et al. 2012, Flint 1998).



According to Bean (2013), there have been approximately 12,000 mollusk interceptions at
US ports, airports and border crossings in the past 10 years. Mediterranean snails usually come
with the imported tiles. Since 1984, Cernuella spp. and Eobania vermiculata have been
intercepted 2,722 times in the US, 55 times in Baltimore ports of entry; where 45 of these
shipments were destined for sites in MD. Two gastropod exotic snails were found to in Baltimore.
The company received cargo from a maritime terminal in the Port of Baltimore.

Eobania vermiculata, also called the chocolate banded snail, is already established in the
USA. Itis considered to represent a potentially serious threat as a pest (Bean 2013). It has been
suggested that this species be given top national quarantine significance in the USA (Cowie, et. al.
2009). Officials found the species around the holding area, buildings, on trees, and railroad tracks.

Physical phytosanitation treatments include mechanical, ultrasound, vacuum and cold and
hot temperatures. Mechanical methodologies include brushes and water sprays (Prusky et al.
1999). Ultrasound generates alternating high and low pressure waves that cause cavitation at the
cellular level (Hansen 2001). Heat treatments have been accepted for treating the commodities
entering the USA and for interstate shipments (USDA 2005). Heat treatment is environmentally
benign. Since ancient times, solar or fire heat has been used to control insect pests. The heat of
the sun Killed insect pests in stored grains (Cotton 1963). In more recent times, the extensive use
of heat treatment has been studied and used to control grain insects and kill the insects in the wood
products. In the heat treatment, heat can be generated by various methods: chemical oxidation,
combustion, electrical resistance and electromagnetic exposure. The various forms in which heat
is produced may affect products and the success of a given treatment depends on its ability to

control insects without causing harm to the products.

Vacuum and steam treatment is fundamentally different from conventional hot air kilns.
Owing vacuum steam treatment, water vapor is the medium of heat exchange rather than air used
in the conventional heating system. Vacuum steam treatment is significantly faster than
conventional convective hot air treatment. The pallets were treated in less than 65 minutes that
included the vacuum time of 5 minutes and the holding time of 30 minutes (Chen et. al. 2012).

The steam heat can effectively penetrate logs and raise the internal temperatures to kill the
pests without causing damage to logs that could significantly affect the veneer yield and values
(Chen et. al. 2012). In general, heat treatments do not have any significant deleterious effects on

log quality.



While there has been much research regarding the heat treatment of insects, no much
research was found describing the heat treatment of snails. It is goal of this study to determine

the efficiency of steam and vacuum to treat quarantine tile in its original packaging.

2. Objectives

Specific project objectives,

To evaluate the effectiveness of using steam and vacuum to kill snails transported in unit
loads of package tile.

To recommend the effective steam vacuum treatment schedule for the treatment of snails.

To determine the effect of the steam and vacuum treatment of unit loads on the performance
of the packaging.

To determine the effect of the steam and vacuum treatment on strength, warpage and color

of tile products, including marble and ceramic tiles.

3. Testing quarantine snails
Species description

Two invasive species introduced from Mediterranean were tested in this study. Both
species are air-breathing and terrestrial snails. The tiles, from the Mediterranean region, are known
commaodities that commonly transport these two species.

Cernuella cisalpine, a maritime garden snail, has been found in coastal Virginia, Maryland
and North Carolina. This small snail has a white and brown striped shell. It is natively to Italy
(Figure 1). It has spread to Germany, Belgium and the Netherlands. In Europe, this species is

mostly distributed by cars (Figure 2).



Figure 1. The Cernuella cisalpine, growing in Baltimore, Maryland.
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Figure 2. The distribution of Cernuella cisalpina in the Europe.

Eobania vermiculata is another European snail that has been introduced to US. The color
of the shell is whitish to greenish yellow, often with multiple color bands or spots; the lower side
is frequently with two brown bands and whitish between lowest band and umbilicus. It gets
another name of chocolate banded snail. The shell has 4-4.5 whorls (Figure 3). The snails can be



caught because they will aggregate together under tarp covering the grassy areas. The tarp was
flipped and snails can be found (Figure 3). The width of the shell is 22-32 mm and the height is
14-24 mm (Texas Invasive Species Institute, n.d.). Eobania vermiculata can live up to 5 years to
reach maximum size (33 mm). The chocolate banded snail is used as food in many countries due
to its larger size (Figure 4).

Figure 3. Chocolate banded snails living under the tarp alive.

Figure 4. Eobania vermiculata snail crawling on the Tupperwear



Vineyards are very threatened by Eobania vermiculata, being observed on grape plants in
their native range. That makes this snail a direct threat to grape growers in California and Texas
(Texas Invasive Species Institute, n.d.). Snails tend to feed on a variety of items found in their
natural habitat. Some common items for their diet include plants, fruits, vegetables, and algae.
Plants that are decaying are often a good meal for them. Snails get some calcium from dirt.
Collecting the snails and transporting the quarantine snails

The naturalized snail species (Cernuella cisalpine and Eobania vermiculata) were field
collected from (8410, Beachwood, Baltimore, MD 21222 and 2293 South Clinton Street Baltimore
MD 21224) with Maryland Department of Agriculture staff.

iy
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Figure 5. In the Baltimore, where the snails were found and collected.

The snails live on the grassy locations outside the holding area and near the fences. The
ground was dry (Figure 6). Snails were found near the fence, on the fence and on the track and

even hanging on the aluminum pole (Figures 7 to 13).



Figure 7. A snail picked up near the fence.



Figure 9. A snail was climbing and sticking on the surface of the aluminum pole.
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Figure 11. A snail was found under the railway track.
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Figure 12. The snails usually were found near the holding area.

Figure 13. The soils where the snails were living.
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The snails were hand-picked and placed carefully in special containers and sealed. Sod
was placed on the bottom of container to keep the snails alive (Figure 14). These containers were
locked as an added precaution. The containers with snails, were placed in a vehicle at the Maryland
Department of Agriculture headquarters and transported back to Virginia Tech. The containers
were stored in a quarantine laboratory located at Virginia Tech. The door of the quarantine lab

was secured.

Figure 14. The snails were kept alive in the sod.

Transporting containers.

Two larger transport containers (Figures 15-16) and several Tupperware containers (Figure
17) were purchased to contain and transport the snails from quarantine lab to the treating facility.
Transport containers were constructed to prevent escape (Figure 15). The size of container is 23
x14.5x13.5 inches. The containers have a cover constructed of screen (mesh size 1/8 inch or
smaller). The rear containers were reconstructed coolers. The lid is secured by a latch and lock

that prevents accidental opening (Figure 16).
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Figure 16. APHIS Inspector examined the transporting container for security of the

snails.
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Figure 17. Tupperware was stretch wrapped with the snails inside to prevent their escape.

The container has a 3 — inch wide copper strip that encircles the container (Figure 18).
There is a space of more than 8 inches left between the soil inside the container and the lid. The
copper strip can prevent the snails from crawling out of the container. Copper has a components
that are micro-biocidal. The copper ion on thiol enzymes and possibly other thiol groups are
poisonous to microbial cells. The copper metal inhibits microbial growth. Copper compounds are
also used in the wood, paper and paint industries as preservatives.
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Figure 18. Copper strip encircles the walls of the container to keep the snails from escaping.

Kentucky bluegrass from turf research laboratory at Virginia Tech was collected (Figure
19). This turf was free from any herbicides. Sods were laid on the container as a food resource

and habitat for snails (Figure 20).

Figure 19. The snails were transported back to Virginia Tech and kept in quarantine

facilities on Price Fork Road, in Blacksburg, Virginia.
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Figure 20. The turf were placed inside the container.

4. Treating facilities, equipment and materials

Insect quarantine laboratory at Virginia Tech.

The Virginia Tech Beneficial Insects Laboratory (Figure 21) was certified as a containment
facility by APHIS in 1972. Itis located at the Prices Fork Rd. This containment facility laboratory
is under the control of the Department of Entomology of Virginia Tech. This laboratory is used
to screen arthropods as potential biological control agents of noxious weeds and arthropod pests.
This includes host specificity testing of exotic beneficial insects and determination of their basic

biology before their introduction into the United States.
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Figure 21. Virginia Tech Beneficial Insects Laboratory

In this facility there is maximum security room, rearing rooms, and a walk-in cooler with
interior and exterior steel walls and 4 inches of foam insulation. The floor is concrete. All
windows, drains, vents and other openings in the facility (except the entrance door) are covered
with one-eightth inch mesh or hardware cloth. All cracks and crevices are all sealed. The only
door is the entrance door and is self-closing.

With the security concerns, the applicant and persons designated were allowed entry to
facility and the facility is locked at all times when applicants are not present. The waste that was
in contact with snails was sterilized in the autoclave before disposal and poured down the drain
that flows into a septic drain field system.

The material to be autoclaved is double wrapped in sterilizable bags before sterilizing. All
waste was sterilized in a Tuttnauer™ autoclave at 250°F for 45 minutes at 30 psi. The autoclave
is inspected and serviced monthly by a university physical plant or departmental technician.

All materials except soil that are removed from the containers (dead snails and other debris)
is immersed in a bleach solution for 5 minutes before disposal. All soil removed from the
containers was sterilized by steam heat with pressure up to 15 Ibs then maintain temperature at 250

F for 30 minutes.

Trailer
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An enclosed cargo trailer with internal dimension of 8.5 by 20 by 7.5 feet in height was
used to house the vacuum chamber (Figure 22). It has double rear doors. The opening is 88 inches
wide by 84 inches height. There is a side door of 32 inches wide. Two axles of 5200 Ibs are
designed to support the heavy weight of chamber and tiles, or other loads (Figure 23). Four 15
inches tires on the lug wheels can support up to 8000 Ibs. The side wall is 3/8 thick plywood with
an aluminum exteriors. There is a roof vent.

This trailer can easily transport the vacuum steam system to other locations.

Figure 22. The twenty feet trailer that was used to transport the treating system.
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Figure 23. Mobile treating facility holds the vacuum chamber, boiler, vacuum pump and

other equipment.

Vacuum Chamber

The stainless steel vacuum chamber was custom manufactured by the Vacutherm (Figure
24). The inside dimension of chamber is 5ft (W) x 5ft (H) x 8.5ft (L). The chamber is steel
reinforcement to resist the force induced by the vacuum (Figure 25). Vacuum level can be as low
as to 0 pressure. Plumbing connections pass through wall to allow the air and steam to flow in and
out. The vacuum chamber has a swinging door that is well sealed with the rubber.

~37.33" |

~13.33" 4 4 5

]
-

oy -‘[‘
¥ -L‘Y“
STANDAF

RD
HANDWHEEL ASSEMBLY

0 _'h-! |
. ? = it

~ 61.36"

20



P
(g
(¥ )
ke

(p)
rwa

B_
B

Figure 24. The mechanic drawing of vacuum chamber.
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Figure 25. The 5ft (W) x 5ft (H) x 8.5ft (L) vacuum chamber was custom built and used in this
study.
Electric steam generator

The electric steam generator (Reimers Electra Steam Inc. Model RX100C3F, 208V/360)
was equipped with heating elements of 100 KW, 10 BHP. It can produce 342 Ib/hr of steam at
212° F. The boiler has adjustable pressure control and manual reset hi-limit temperature control,
heavy duty magnetic contactors, and a combination low water cut-off. It is equipped with the
solenoid valve, strainer, pressure gauge, ASME safety valve, check valve, blowdown valve, steam
outlet valve and water gauge glass (Figure 26).

A boiler blowdown tank was not installed in the system because boiler will not be used
continuously for a long period of time. Boiler blowdown is water intentionally wasted from a
boiler to avoid concentration of impurities during continuing evaporation of steam. The water is
blown out of the boiler with some force by steam pressure within the boiler. The steam boiler
evaporates steam from liquid water; and requires frequent replenishment of boiler feedwater for

the continuous production of steam required by most boiler applications.

s

Figure 26. The electric steam boiler is equipped with 100 kw heating elements.

Vacuum pump
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The Mink vacuum pump (MI 2122) is a 7.5 HP, two-stage, dry claw, pump (Figure 27).
The pump can pull a vacuum to 8 mm Hg with a capacity of 56 cfm at atmospheric pressure. The
Mink vacuum pump works according to the rotary lobe principle. As the lobes rotate constantly,

water vapor and air are pulled in, compressed and discharged under pressure.

Figure 27. Busch Mink 7 horse power vacuum pump can remove about 56 cfm of air.

Testing tiles

Both ceramic (45 by 45 by 1cm thick) and marble tiles (30.5 by 30.5 by 1 cm thick) were
used in this study (Figure 28). Ceramic tile is a mixture of clays which have been shaped and fired
at extremely high temperatures. Its density also determines the strength of the bisque as it relates
to the water absorption level. The strongest bisques (those suited for heavy commercial
installations) have the smallest and fewest number of air pockets which, in turn, will affect the all
water absorption, breaking strength, and impact resistance of the finished product. The density of

the clay also determines if the tile is or is not suitable for outdoor use.
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Figure 28. The ceramic tiles imported from Italy that were used in the test
Marble tiles (Figure 29) have a beautiful, unique look with all their whirling patterns and
shade variations.

Figure 29. Marble tile imported from Italy was used in the test

Corrugated paper board test

During the vacuum steam treatment, the brown corrugated paper boards were laid on the
deckboard of pallets and on the top of unit load of tiles to check the effect of treatment on paper
board quality, such as, moisture pick up, the burst strength and ECT of paper (Figure 30). Five

tests on the brown corrugated paper boards were performed at both 250 and 500 mmHg vacuum
levels (Figure 31).
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Figure 31. The corrugated paper boards after being treated.

Packaging corrugated paper board boxes

Forty eight corrugated boxes were made in the lab with the size of 6 by 6 by 12 inches
(Figure 32). They were shrink-wrapped with the six boxes at the each layer and two layer of 12
boxes. This way, the adsorption of moisture during the vacuum steam treatment can be studied to
determine the effect of treatment on box compression strength (Figure 33). During treatment, the
opening of shrink wrap was facing down as that was in the tile packaging (Figure 34). This

simulated how the packaged tile was covered with shrink film.
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Figure 32. The corrugated paper box 6 by 6 by 12 inches was made and used to simulate the
effect of treatment on box comparison.

26



Figure 33. The corrugated boxes were stacked together the same way as the tile packaging

boxes in the unit load.

Figure 34. The corrugated paper board boxes were then shrink-wrapped.

The corrugated paper boxes were labeled so that it could be determined how box location
may affect water adsorption. Two layer of 12 boxes were arranged, with 6 of them in each layer.

5. Testing procedure

The vacuum steam chamber in the trailer was located just outside the Phytosanitation
Laboratory on pavement. The unit load of tiles supported with a pallet was loaded into the
container (Figure 35). To limit condensation from the roof of the chamber falling onto the unit

load of tiles, a roof structure was built over the unit load. This is shown in Figure 35.
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Figure 35. The unit load of tiles was set on two aluminum pallets inside the chamber.

In preparation for the experiment, the small Tupperwares plastic containers were used to
transport the snails from the quarantine lab (Figure 17). These containers were opened
individually, only as required on a work table in the Phytosanitation Laboratory. Each snail was
weighed before and after treatment. It is interesting to check the weight change of snails after
treatment during the tests.

Small packets were made from cheese cloth (Figure 36). Five Cernuella cisalpina snails
or three Eobania vermiculata snails were placed in each packet. Packets were then labeled to
identify the locations within the unit load (Figure 37). Packets with snails were placed at the
various locations in the unit load of the tile. The packets provided the added containment while
allowing for easy treatment, extraction and secured collection post-test.
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Figure 36. The small packets made from cheesecloth to contain the snails.

The small packets of contained snails were placed in the palletized tiles. At the same time,
there is at least ten snails of each species that were set aside as control samples during the test.
Once a test has been completed, the snail packets were carefully removed from the palletized tile
and placed in an empty Tupperware container. The Tupperware container were opened on the
work table and individual snail packets were removed and examined under a light microscope to
detect heartbeat as an assay for mortality. Once a packet of snails has been examined, all snails,
live or dead, were placed in the Tupperware container and returned to the quarantined laboratory
for disposal. The total number of snails used in the test are listed in Table 1.

The locations of the packets within the unit load are shown in Figure 38. Thermocouples
were also placed at those locations to record the local temperatures. When all locations reached
56°C, the temperature was held for 30 minutes.

Eight thermocouples were arranged and placed at those locations where the packets of
snails were located. At two locations, the snail packets were actually inserted between and on
boxes of tiles. Shims were used to make openings for the thermocouples and the packets of snails
to be inserted into the unit load (Figure 37). Other locations were the three locations on the top of
unit load, three on the side of the unit load and one on a deck board of supporting pallet and another
one in under the deck board (Figure 38). All of the temperatures were recorded with the computer

using a data acquisition system (Figure 39).
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Figure 38. The location where packet of snails was inserted into the opening.

At each test, one tile was laid next to unit load to allow measurement of the weight change
and later for testing of the tile strength to see any change in the strength due to the treatment (Figure
40). After the snails and tiles were placed inside the chamber, the doors were closed and chamber
sealed. Vacuum is created by pump to the target pressure. When pressure inside the chamber
reached the target level, pump was stopped. Steam is injected into the chamber and temperature

increases. Various initial vacuum levels were used in this study.
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Figure 40. A ceramic tile was placed next to the unit load during the vacuum and steam

treatment for later testing of properties.

After the prescribed holding time at the target temperature of 56°C, and vacuum was
relieved inside the chamber. Condensate on the floor was discharged through a screened drain that

collected any solid residual from the treatment. The chamber door was then opened. The packets
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on the unit load of tiles were retrieved and snails were placed at the petri dishes for examination

to determine mortality (Figure 41).

Table 1. Experimental design for the tile tests.

Treating )
Test . Tile Number | Pressure Sna|l_ Numb_e r Burst/ECT
Number | Tile Species of snails
(mmHg)
1 1 C_ernqe lla 40 Brown paper
cisalpina
2 2 Eoba.nla 24 Brown Paper
vermiculata
3 3 C_ernu_ella 40 Brown Paper
cisalpina
4 4 Cernuella | Brown Paper
cisalpina
5 5 Eoba_nla 24
vermiculata
250 Cernuella
6 6 g . 40
cisalpina
7 7 Eoba_nla 24
vermiculata
3 C_eramlc 8 C_ernu_ella 40
Tile cisalpina
9 9 Eoba_nla 24
vermiculata
10 10 Eobania |,
vermiculata
11 11 40 Brown Paper
12 12 500 40
13 13 30 12 boxes
14 14 30 12 boxes
15 15 30 12 boxes
16 21 30
17 22 Cernuella 30
18 23 cisalpina 30
19 24 100 P 30
20 25 30
16 101 30
17 102 30
18 Marble Tile | 103 30
19 104 30
20 105 30
Total 790
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Figure 41. Cernuella cisalpina snails were placed in the petri dishes after treatment.

The snails’ weights before and after treatment, were measured to 1/1000 g (Figure 42).
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Figure 42. The scale used to weigh snails and packaging materials before and after

treatment

All Tupperware containers used for transport and hold the snails, along with used

cheesecloth packet material, were autoclaved after they had been used. The autoclave treatment

schedule is 121°C for 40 minutes.

Snail mortality

Snail mortality was determined by either of two methods. If the heart of the snails was
visible with the light microscope shown in Figures 43 and 44, then the heart was checked for
beating. If the heart was not visible, the exposed foot of snail would be poked with a probe to
determine if any reaction occurs as shown if Figure 45. The snails were rechecked for signs of

life after at least two days.
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Figure 43. Motic light microscope (Motic SMC — 140) used to check snails for a heart
beat

Figure 44. A snail was checked under the microscope for heart movement.
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Figure 45. A needle was used to scratch the exposed foot of the snail.

Tile warpage test

To determine if the treatment affects the shape or geometry of the tile, a test of flatness was
performed according to ASTM Standard Test Method for Measuring Warpage of Ceramic Tile
(ASTM C485 — 09). Warpage is the curvature of a flat tile measured as deviation of the tile
surface from a plane along the edges or the diagonals. The deviation is measured at the mid-length
of an edge or diagonal, expressed as a percentage of the length of the edge or diagonal, and called
convex or concave with respect to the face of the tile. This test method consists of measuring the
deviation from a straight line at the midpoint between reference points on the face or back of a tile.
Measurements are made along the edges of a tile and along the diagonals. The reference plate has
been placed. A piece of tile was inserted with its face resting upon the three reference pins and its
edges in contact with the three registry stops. The two dial indicators were read. We turned the
tile 90° clockwise, and repeated the procedure until all four sides and the two diagonals have been
measured. The distance between reference pins are 11.0 inches for the side and 15.6 inches for

diagonal.
Tile breaking strength test.
In order to determine the effect of the treatment on the strength of the tile, a strength test

was performed according to ASTM C648 — 04 Standard Test Method for Breaking Strength of
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Ceramic Tile. This test method concerns the determination of the bending strength of ceramic tile.
The test method consists of supporting the tile on the ends of three cylindrical rods arranged as an
equilateral triangle, and applying force at a certain rate to the center of the tile, until the specimen
breaks. The testing machine model used in this study is MTS 322.31 (Material Testing System)
(Figure 46).

The tile was placed on the steel support block (Figure 48) into the testing machine so that
the load applicator is directly above the center of the steel block (Figure 46). The support shown
in Figure 48 represents the larger support triangle requested by the test standard. The force at the
rate of 1100 Ib/inch and (3600 to 4900 N)/min was applied until the tile actually breaks into pieces.
The forces were recorded in Ibs.
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Figure 47. The tile breaking strength test.

The test machine had a load capacity of 50,000 Ibs. The equal-lateral triangular support
is used in the testing. The length of sides is 3.0 inches (7.63 cm) (Figure 48).

Figure 48. The equal-lateral triangular support made in the breaking strength test.

Bursting strength test, edge crash test (ECT) and box compression test
The corrugated paper board and paperboard boxes were conditioned for more than 72 hours
before they were tested for box compression, and board burst strength and ECT. Conditioning
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atmosphere was kept at the constant relative humidity of 50.0+2.0% and temperature of 23.0+1.0
C (Figure 49).

Figure 49. The conditioning chamber.

There are currently two tests widely used by the corrugated industry to determine the
strength of corrugated paperboard. The first is the Burst test also called Mullen Burst test using
Mullen Testers manufactured by Stondex company (Figure 50). The Bursting test is a measure of
the force required to rupture the face of corrugated board (ASTM D774/D774M —97). This force
is indirectly related to a carton’s ability to withstand external or internal forces and thus to contain
and protect a product during shipment. Burst strength is reported in Ibs.

The second test is ECT (ASTM D5639/D5639M — 11). It is related to the stacking strength
of a paper board boxes. ECT is a measure of the edgewise compressive strength of corrugated
board (Figure 51). It is measured by compressing a small segment of board on edge between two
rigid plates parallel to the direction of the flutes until a peak load is established. This is measured
in pounds per lineal inch of load bearing edge (Ib/in). The compression testing machine
manufactured by Lansmont Corporation was used to perform the ECT and box compression test.
The test apparatus is shown in Figure 51. A test jig for ECT measurement is shown in Figure 51.
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Figure 51. ECT and compression test instrument showing tester and test jig.
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6. Testing result and discussion

Treating duration

Table 2 contains the treating duration of each test. Mediterranean snails, (Cernuella
cisalpina and Eobania vermiculata), were killed using vacuum and steam treatment with average
treatment cycle duration of less than one hour at an initial vacuum level of 250 mmHg and 100
mmHg (Table 4). In the test, six hundred forty snails were killed during the tests and 96 of them
are Eobania vermiculata. The treating duration included the average vacuum time 7.2 minutes
and holding time 30 minutes. The temperature reached 56°C and was held for 30 minutes during
treatment. This schedule is the ISPM15 to treat wood pallets and containers. From the test results,
the HT criteria of 56°C/30 min will kill the snails in the tiles. In our experiments, the temperatures
were measured on the surface of the packaged tile rather than inside the packaged tiles. It is not
necessary to raise the temperature inside the products because snails can’t enter between the
individual tiles. They always are found in the crevices and the gaps between the packages. The
steam can easily penetrate to those locations and heat up the space within the unit load between

packages. At the same time, the control snails of both species were alive.

Table 2. The vacuum steam treatment duration for both snail species and tiles with
holding time 30 minutes at 56°C.

. . Total
Test Tile Treating \_/acuum S_teamlng treating
. Pressure | time time .
Number | Tile Number . ) duration
(mmHg) | (min) (min) :
(min)
1 1 6 10 46
2 2 5 17 52
3 3 8 10 48
4 4 5 11 46
5 5 5 10 45
6 6 250 4 11 45
7 Ceramic 7 4 15 49
8 Tile 8 4 14 48
9 9 5 16 51
10 10 4 15 49
11 11 2 135 167
12 12 500 2 168 200
13 13 12 18 60
14 14 100 12 19 61
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15 15 10 10 50
16 101 9 16 55
17 102 9 14 53
18 Q’:f‘erb'e 103 8 15 53
19 104 10 15 55
20 105 9 15 54
31
Ceramic 32
Tile 33
34 Not
Control 106 treated
Marble 107
Tile 108
109

At atmospheric pressure of 760 mmHg (1013 mbar), water boils at 100°C. 419 KJ of energy
is required to heat 1 kg of water from 0°C to the saturation temperature 100°C. Another 2,257 KJ
of energy is required to evaporate the 1 kg of water at 100°C to steam at 100°C. A significant
feature of the vaporization phase change of water is the large change in volume that accompanies
it. By comparing that to the volume of the liquid water, the volume expands by a factor of 1700
when vaporized into steam at 100°C. The large energy in the steam can raise the temperature in
the air among tiles quickly. Typical temperature profiles are shown in Figures 52 to 54. Clearly
the high vacuum is more effective in distributing heat. The water vapor condenses and releases a
relatively large amount of energy to increase the temperature. This procedure is effective to kill
the snails that dwell in the void areas inside the packaging materials rather than in the materials.
It can be seen from Table 4 that it took about 15.3 and 12.9 minutes for initial vacuum of 100 or
250 mmHg to increase the temperature to 56°C.

Using the initial vacuum of 100 mmHg or 250 Hg, the average time to Kill snails is 55.1
and 47.9 minutes (Table 3). However, using 500 mmHg, it took 183 minutes (Table 3) although
the vacuum time is only 2 minutes. That means that it took longer for temperatures to reach 56°C.
Also, the corrugated packaging boxes adsorbed more water and the packaging integrity was
significantly affected. This vacuum level is not recommended. Some experiments were prepared
in the winter time when the initial temperature of unit load of tiles was relatively low about 6°C.

It may take less time to treat the materials in summer months.
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Table 3. The average vacuum steam treatment duration for both snail species and both tiles with

holding time 30 minutes at 56°C.

Average Standard | Average | Standard
Treating Average d deviation | total deviation
: Standard | steaming .
Pressure vacuum time deviati . treating
: eviation | time .
(mmHg) (min) (min) duration
(min)
100 9.9 1.46 15.3 2.71 55.1 3.68
250 5.0 1.25 12.9 2.77 47.9 2.42
500 2.0 0 247.0 55.2 279.0 55.2

Temperature profile

The temperature profile at each test was recorded for treatment. Figures 52 to 54 represent

the treatment at the three initial vacuum levels. All profile curves are shown in the appendix.
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Figure 52. Typical temperature profile at the initial vacuum pressure of 100 mmHg.
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Figure 53. Typical temperature profile at the initial vacuum pressure of 250 mmHg.
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Figure 54. Typical temperature profile at the initial vacuum pressure of 500 mmHg.

Snail weight and its change during treatment.

Eobania vermiculata is relatively larger than Cernuella cisalpina. The average weight of

the Eobania vermiculata in test 9 were 2.06g before treatment. The weights of the Cernuella
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cisalpina ranges from on 0.04 to 0.16g with average weight of 0.096g before treatment. The
weights of snails were measured for Eobania vermiculata after treatment. Average snail lost
18.9% of its body weight. According to Fagbuaro et al. (2006), water was on average of 77% and
79% of the body weight of Archachatina marginata (ovum) Pfeiffer and Limicolaria spp.

respectively. It is probable that heat rather than desiccation in the case of snail death.

Weight change and color comparison of tiles after treatment.

Weights of the treated ceramic tile and marble tile were measured and compared before
and after treatment. Tables 4 contains the tile weights before and after treatment. Average weights
of a piece of ceramic tile and marble tile are 3847.6 and 2329.0 grams before treatment
respectively. After test, average weight changed to 3877.5 and 2329.4 respectively (Table 5).
There are average increases in moisture of 0.78% and 0.02% for ceramic and marble tiles
respectively. The tiles did not pick up much moisture during the test. However, the ceramic tiles
picked up some moisture. It almost is zero increase for marble tiles. The color of tile products

before and after treatment was compared and no change was observed.

Table 4. Ceramic and marble tile weight changes before and after test.

Test Tile Treating \é\é?éggt Weight (Dg|)fference Percent
number | Tile number pressure the test after the change
(mmHg) (@) test (g) (%)
1 1 3889 3921 32 0.82
2 2 3796 3836 40 1.05
3 3 3888 3916 28 0.72
4 4 3855 3880 25 0.65
5 5 250 3859 3894 35 0.91
6 6 3801 3820 19 0.50
7 Ceramic 7 3851 3872 21 0.55
8 Tile 8 3854 3877 23 0.60
9 9 3878 3901 23 0.59
10 10 3865 3887 22 0.57
11 11 500 3871 3897 26 0.67
12 12 3821 3858 37 0.97
13 13 3871 3910 39 1.01
14 14 100 3882 3931 49 1.26
15 15 3789 3821 32 0.84
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16 21 3798 3829 31 0.82
17 22 3885 3913 28 0.72
18 23 3860 3889 29 0.75
19 24 3833 3861 28 0.73
20 25 3806 3836 30 0.79
Average for ceramic tiles 3847.6 3877.5 29.9 0.78
16 101 2310 2312 2 0.09
17 Marbl 102 2325 2328 3 0.13
18 Tile | 103 2332|2333 |1 0.04
19 104 2340 2337 -3 -0.13
20 105 2338 2337 -1 -0.04
Average for marble tile 2329 2329 0.4 0.09

Breaking strengths of ceramic and marble tiles after treatment.

The tile breaking strengths were tested and presented in Table 2.

Table 5. Average ceramic and marble tile weight changes before and after test.

Weight Weight Difference Percent

before fter th (9) h

the test | @ ter the change

@) test (g) (%)
Average for ceramic tiles 3847.6 | 3877.45 29.85 0.78
Standard deviation for ceramic tiles 34 34.7 7.4 0.19
Average for marble tiles 2329 2329.4 0.4 0.02
Standard deviation for marble tile 12.1 10.43 2.4 0.1

The breaking strength of the treated and the control tiles are in Table 6. Table 6 does not

indicated the durations of test affects braking strength. The average breaking strength for ceramic

tiles decreased from 431 to 408 Ibs. The average breaking strength for marble tiles decreased from

690 to 609 Ibs respectively (Tables 7). It seems that marble tiles are stronger than ceramic tiles.

There is an average decrease in breaking strength 5% for ceramic tiles and 12% for marble tiles.

Table 6. The breaking strength of the treated and the control tiles.

Treatin Total Breaking
Test Tile Pressurg treating | strength
Number | Tile Number duration | (Ib)
(mmHg) (min)
1 1 250 46 415
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2 2 52 375
3 3 48 391
4 4 46 425
5 5 45 406
6 6 45 418
7 7 49 428
8 Ceramic 8 48 401
9 Tile 9 51 450
10 10 49 421
11 11 240 405
12 12 500 318 429
13 13 60 408
14 14 61 410
15 15 50 418
16 101 55 386
17 Marbl 102 100 53 376
18 Tifer © 103 53 395
19 104 55 384
20 105 54 426
31 544

Ceramic 32 610

Tile 33 629

Control 34 Not 573
106 treated 689

Marble 107 695

Tile 108 716

109 714

Table 7. Summary of T-test for comparison of breaking strength (lbs) of control and

treated ceramic and marble tiles.

Ceramic Tile Marble tile
Treated Control Decrease | Treated Control | Decrease
Mean 408.35 430.75 5% 609 689.5 12%
Variance 385.8 359.6 3080.5 1508.3
Stand. Dev. 19.64 18.96 55.5 38.84
n 20 4 5 4
t -2.0918 -2.4461
degrees of 22 7
freedom
critical value 2.074 2.365
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These average observations of strengths before and after treatment are statistically

significantly different. It is not known to what levels this change would affect installation and use
of the tiles.

During the test, tiles were pressed and curves were recorded. Figure 55 shows the breaking

strength and the deflection for a ceramic. More testing curves are shown in the Appendix.

Warpage of ceramic tiles

Force (lbs)
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0.14

Figure 55. Breaking strength test from the treated ceramic tile # 1.

Measure of warp for the treated and untreated tiles is in Table 8.

Table 8. Ceramic tile warpage of treated and untreated control samples

Warpage (%1000 Inches)
Tile \Warpage |Warpage at
Sidel Side2 |[Side3 |[Side4 |Diagonal 1 [Diagonal 2 jat side diagonal
(%) (%)

Treated | 15 10 17 13 10 12 0.40 0.07
tiles 5 13 3 4 -4 2 0.23 -0.01*

20 10 15 9 9 9 0.49 0.06

13 4 13 1 -1 -7 0.28 -0.03*

18 13 6 12 5 11 0.45 0.05
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15 6 15 1 0 5 0.34 0.02
19 11 15 13 12 9 0.53 0.07
-1 16 4 15 -1 2 0.31 0.00
Average for treated tiles 0.38 0.03
Control |3 15 6 15 0 0 0.35 0.00
tiles 12 15 10 16 5 3 0.48 0.03
13 16 11 20 8 8 0.55 0.05
6 15 1 15 4 0 0.34 0.01
8 15 14 15 8 7 0.47 0.05
4 15 5 5 0 0 0.26 0.00
10 15 12 17 8 5 0.49 0.04
16 16 10 16 11 9 0.53 0.06
Average for control tiles 0.43 0.03

*(-) Represents the concave with respect to the face of the tile. Others are all convex to

the surface of tiles.

The average warp of the edges of treated and untreated ceramic tiles were measured to be
0.38% and 0.43%. The average warp of the diagonals of treated and untreated tiles were the same

at 0.03 %. T-test indicated there is no significant change during the treatment.

Effect of steam vacuum treatment on packaging

Figure 56 contains the result of ECT and Burst strength of corrugated paper board. Tests
#1 to #4 are at initial pressure of 250 mmHg and test #5 at the initial pressure of 500 mmHg. All
ECT and Burst test results were from corrugated paper boards after conditioning as required by
the test protocol. However, the moisture content of the corrugated paper board after steaming is
very high from 20-25%. Therefore, the corrugated paper boards after treatment and before
conditioning would be very week. After corrugated dries out much of the strength is restored. The
hot melt adhesive joints are unaffected by the treatment. The test also confirms that the longer the
treatment cycle, the higher will be the MC of the corrugated. Higher initial vacuum levels reduce
treatment time. The moisture content chance of the corrugated during treatment may be controlled
by cycling vacuum and/or maintain a low pressure through out the treatment. Perhaps a final
vacuum cycle can be used after treatment to reduce the moisture content of the corrugated before
the packaging is used.

The unit load of tiles are shrink wrapped. The shrink wrap prevents liquid condensate from
contacting the corrugated paper board packaging. The commercial operation may include a

condensate traps above the treated units to prevent water from collecting on the surface of unit
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loads. The shrink film seems to be unaffected by the steam treatment. The quality of printing and

integrity of gunned labels seem unaffected by the steaming.

It is clear from these moisture content

measurement of the corrugated immediately after treatment that handling of the packaging should
be wait until the corrugated dries.

The T-tests were performed to compare the effect of vacuum steam treatment and the

results were presented at Tables 9 and 10. There are no significant difference existed between the

control samples and the treated samples after conditioning.
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Figure 56. Properties of the control and treated corrugated paper boards.
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Table 9. Statistical comparison of the average Burst strengths of control and treated paper

boards.
Control Treated
Mean (Ib/in?) 210.5 214.4
Variance 113.6 525.1
Observations 10 30
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Table 10. Statistical comparison of the average ECT of control and treated paper boards.

Pooled Variance 427.6
Hypothesized Mean

Difference 0
Df 38
t Stat -0.521
P(T<=t) two-tail 0.605
t Critical two-tail 2.02

Control | Treated
Mean (Ib) 34.15 32.46
Variance 3.27 75.79
Observations 10 29
Pooled Variance 58.15
Hypothesized Mean
Difference 0
Df 37
t Stat 0.61
P(T<=t) two-tail 0.549
t Critical two-tail 2.06

Effect of vacuum steam treatment on the corrugated paper boxes

Moisture adsorption of the corrugated paper boxes

Paper board boxes were weighed before and after treatment and the results were presented

in Table 11.

Table 11. The weight change of corrugated paper board boxes during treatment.

Test Treating | Corrugated | Weight Weight Difference | Percent
number | Pressure box before the | after the (9) change
(mmHgQ) test (g) test (g) (%)

1 169.7 175.7 6 3.54

2 169.1 176.7 7.6 4.49

3 169.1 184.9 15.8 9.34

4 168.2 175.6 7.4 4.40
13 100 5 167.4 176.2 8.8 5.26

6 168.4 176.9 8.5 5.05

7 167.9 173.3 5.4 3.22

8 169.8 175.5 5.7 3.36
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9 168.7 174.7 6 3.56
10 169.2 175.8 6.6 3.90
11 168.1 174.1 6 3.57
12 167.5 173.5 6 3.58
13 168.5 178.2 9.7 5.76
14 170.0 176.3 6.3 3.71
15 168.4 179.1 10.7 6.35
16 169 180 11 6.51
17 167.8 174.3 6.5 3.87
14 18 166.5 175.6 9.1 5.47
19 165.5 175 9.5 5.74
20 165 175.6 10.6 6.42
21 167.5 180.4 12.9 7.70
22 168.1 179.7 11.6 6.90
23 165.3 173.4 8.1 4.90
24 171.6 180.1 8.5 4.95
25 167.7 172.2 4.5 2.68
26 168.6 172.3 3.7 2.19
27 168.4 174.6 6.2 3.68
28 166.5 174 7.5 4.50
29 169 175 6 3.55
15 30 166.5 174.3 7.8 4.68
31 167.5 171.4 3.9 2.33
32 168.9 172 3.1 1.84
33 167.9 173.7 5.8 3.45
34 165.7 172.1 6.4 3.86
35 166.3 171 4.7 2.83
36 165 170.1 5.1 3.09
Average 167.9 175.4 7.47 4.45

The corrugated paper boxes picked up some moisture during the treatment. Moisture
adsorption is a function of various characteristics of paper or board such as sizing, porosity, etc.
From Table 11, average weights of paper boxes before and after treatment are 167.9 and 175.4 g
respectively. The average box picked up 7.47 g of moisture or about a 4.45% increase in the
weight.

According to the T-test in Table 12, there is a significant difference in the moisture content
between the control sample and treated sample. Treated samples contained more moisture than

control samples. Apparently, during the treatment, boxes picked up trace amount of moisture.
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boxes
MC
t-Test: Two-Sample Assuming Equal Variances

Control | Treated

Mean (%) 8.66 8.89
Variance 0.141 0.110
Observations 36 108
Pooled Variance 0.118
Hypothesized Mean
Difference 0
df 142
t Stat -3.5569
P(T<=t) two-tail 0.00051
t Critical two-tail 1.97

Table 12. Statistical comparison of the average moisture contents of control and treated paper

Burst strength of the corrugated in the paperboard boxes
Average Burst strength of treated paperboard boxes is slightly higher than control boxes
after the boxes are conditioned as shown in Figure 13. This difference is statistically significant.

Table 13. Statistical comparison of the Burst strengths of control and treated samples

t-Test: Two-Sample Assuming Equal Variances
Control Treated
Mean (Ib/in?) 203.2 267.2
Variance 159.1 1454.1
Observations 21 69
Pooled Variance 1159.7
Hypothesized Mean Difference 0
df 88
t Stat -7.53116
P(T<=t) two-tail 4.16E-11
t Critical two-tail 1.98729

Of the many criteria for boxes, compression strength is generally considered to be a
prominent indicator of box performance. The compression strength is directly related to warehouse

stacking performance. The laboratory test of box compression strength is easily performed and the
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result is useful for evaluation of the overall quality of the paper board materials (Maltenfort 1988).
The statistical comparisons of the average ECT and average box compression of control and treated
boxes are presented in Tables 14 and 15. There is no significant difference between control and
treated boxes.

The moisture content, burst strength and ECT strengths of paper board boxes and other

test results were presented in the Appendix.

Table 14. Statistical comparison of the ECT strengths of control and treated corrugated

paperboard boxes.

t-Test: Two-Sample Assuming Equal Variances

Control Treated
Mean (Ib) 37.3 37.9
Variance 23.8 10.8
Observations 35 108
Pooled Variance 13.9
Hypothesized Mean
Difference 0
df 141
t Stat -0.77748
P(T<=t) two-tail 0.438176
t Critical two-tail 1.976931

Table 15. Statistical comparison of the compression strengths of control and treated corrugated
paperboard boxes.

t-Test: Two-Sample Assuming Equal Variances
Control Treated
Mean (Ib) 406.9833 374.7353
Variance 12790.65 6072.311
Observations 6 17
Pooled Variance 7671.915
Hypothesized Mean Difference 0
df 21
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t Stat 0.775332
P(T<=t) two-tail 0.446787
t Critical two-tail 2.079614

7. Conclusion

1. 56°C for 30 minutes using vacuum and steam is effective for killing Mediterranean
snails, Eobania vermiculata and Cernuella cisalpine, within packaged unit loads of tile. Initial
vacuum level significantly affect treatment duration. Using 100 mmHg and 250 mmHg initial
vacuum, the average cycle time to reach 56°C/30 within all regions of the unit load was less than
61 minutes with average total treating time of 51.1 minutes. At 500 mmHg initial vacuum level,
the average cycle time increase to more than 183 minutes.

2. The steam and vacuum treatment reduced the overall breaking strength of the ceramic
tile by 5% and the marble tile by 12%. It is not known whether this would affect the use of these
tiles.

3. The steam and vacuum treatment initially reduces the strength of the corrugated paper
board packaging. However, as the corrugated dries, the properties are recovered. This indicates
that a drying cycle at the end of the treatment should be used before the packaging is used.

4. The snails will lose weight during treatment. The weight of Cernuella cisalpina ranges
about 0.096 g. It was found that Eobania vermiculata lost an average of 18.9% body weight during
the treatment.

5. Vacuum steam treatment does not cause the tile to warp.

6. The color of tiles is not affected by the treatment. The ceramic tiles adsorbed about
0.78% moisture during treatment. The marble tiles absorb no moisture.

7. Quality of packaging, printing and hot melt glued connections is unaffected by the
vacuum steam treatment. Gunned labels remain intact and usually were unaffected by the
treatment process.

8. The shrink film seems to be affected by the treatment. However condensations of

moisture during treatment could be controlled to prevent contact of the packaging by liquid water.
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10. Appendix A

Table Al. The burst strength and ECT of corrugated paper board boxes.

Average Average | Average
Moisture Bursting | ECT
Treatment | Box# | Face# | Content Strength | Strength
(%) (Lbs/in2) | (Lbs)
Control
Box 1 8.63 203 37.55
Face 1 8.77 195 37.93
Face 2 8.15 34.33
Face 3 8.48 210 37.6
Face 4 8.9 34.74
Face 5 8.27 210 42.6
Face 6 10 49.8
Box 2 8.44 198 34.75
Face 1 8.38 187 35.68
Face 2 8.58 38.07
Face 3 8.08 199 36.62
Face 4 8.97 37.93
Face 5 8.87 215 24.4
Face 6 7.98 200 21.75
Box 3 8.81 209 37.32
Face 1 8.97 205 37.33
Face 2 9.16 36.63
Face 3 8.62 202 37.7
Face 4 8.89 36.68
Face 5 8.73 218 38.45
Face 6 8.54 230 36.7
Box 4 8.77 200 36.82
Face 1 8.93 189 35.7
Face 2 8.61 39.56
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Face 3 8.86 210 37.94
Face 4 8.85 39.18
Face 5 8.66 271.7
Face 6 8.19 200 38.7
Box 5 8.65 196 38.93
Face 1 8.51 185 38.92
Face 2 8.89 38.72
Face 3 8.68 198 37.46
Face 4 8.71 39.46
Face 5 8.57 39.05
Face 6 8.44 225 445
Box 6 8.67 196 39.06
Face 1 8.8 185 38.8
Face 2 8.65 40.38
Face 3 8.83 205 40.66
Face 4 8.26 37.28
Face 5 8.82 190 37.17
Face 6 8 210
Vacuum/Steam
Box 1 8.72 255 38.46
Face 1 8.75 247 38.6
Face 2 8.23 38.68
Face 3 8.4 243 39.57
Face 4 9.47 38.3
Face 5 8.9 310 37.3
Face 6 9 260 37.55
Box 2 8.95 198 37.83
Face 1 8.8 187 38.38
Face 2 8.62 38.52
Face 3 9.13 205 35.74
Face 4 9.15 37.34
Face 5 8.97 185 37.34
Face 6 9.06 220 41.15
Box 3 9.04 251 37.64
Face 1 8.88 200 39.07
Face 2 9.19 38.74
Face 3 8.8 265 38.33
Face 4 9.27 41.03
Face 5 9.44 280 44.25
Face 6 8.91 280 20.05
Box 7 8.62 283 39.26
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Face 1 8.71 257 40.3
Face 2 8.57 42.8
Face 3 8.48 287 35.87
Face 4 8.6 42.2
Face 5 8.65 340 31.8
Face 6 8.73 295 40.55
Box 8 8.72 197 37.47
Face 1 8.62 195 40.58
Face 2 8.72 37.04
Face 3 8.7 203 36.9
Face 4 8.92 38.74
Face 5 8.61 220 37.7
Face 6 8.87 170 28.75
Box 9 8.83 281 38.92
Face 1 8.5 265 36.2
Face 2 8.85 35.87
Face 3 9.01 292 37.67
Face 4 8.96 39.73
Face 5 8.8 295 45,55
Face 6 9.02 285 41.6
Box 13 8.94 281 36.93
Face 1 9.01 273 35.13
Face 2 9.02 39.03
Face 3 8.96 283 39.8
Face 4 8.88 32.4
Face 5 8.97 270 41.8
Face 6 8.71 300 35
Box 14 9.08 288 36.89
Face 1 9.07 292 35.1
Face 2 8.89 39.33
Face 3 9.12 292 39.93
Face 4 9.01 36.97
Face 5 9.24 310 31.75
Face 6 9.11 245 36.4
Box 15 9.1 267 39.11
Face 1 9.41 230 39.87
Face 2 8.51 38.3
Face 3 9.3 273 39.4
Face 4 8.58 36.9
Face 5 9.04 305 42.7
Face 6 9.27 320 38.45

61



Box 19 8.89 268 37.87
Face 1 9.06 283 40.63
Face 2 9.33 38.1
Face 3 8.52 267 40.07
Face 4 8.8 37.17
Face 5 7.65 230 28.75
Face 6 10.15 260 40.25
Box 20 8.93 301 39.26
Face 1 8.71 317 36.6
Face 2 9.12 37.93
Face 3 8.73 290 39.33
Face 4 8.82 36.77
Face 5 9.01 45.15
Face 6 9.6 285 42.95
Box 21 8.91 293 37.83
Face 1 8.71 295 37.93
Face 2 9.69 40.37
Face 3 9.26 307 34.93
Face 4 8.56 37.5
Face 5 8.54 240 38.25
Face 6 8.42 300 38.7
Box 25 8.74 271 38.39
Face 1 8.77 288 35.9
Face 2 8.85 39.93
Face 3 8.68 282 38.87
Face 4 8.65 36.97
Face 5 8.88 185 37.2
Face 6 8.63 42.4
Box 26 9.06 278 37.65
Face 1 9.14 290 35.37
Face 2 9.03 39.83
Face 3 8.93 267 35.97
Face 4 8.78 35.67
Face 5 9.47 300 42.1
Face 6 9.04 255 38.85
Box 27 9.09 278 36.4
Face 1 9.16 278 35.07
Face 2 9.01 35.4
Face 3 9.26 260 35
Face 4 9.11 39.23
Face 5 8.77 310 37.75
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Face 6 8.71 300 37.75
Box 31 8.79 251 36.63
Face 1 8.84 227 35.97
Face 2 9.39 37.23
Face 3 8.4 253 36.77
Face 4 9.07 35.7
Face 5 8.66 280 37.6
Face 6 8.65 290 37.45
Box 32 8.72 292 37.81
Face 1 8.57 285 37.93
Face 2 8.74 37
Face 3 9.01 305 374
Face 4 8.58 35.7
Face 5 8.76 315 38.45
Face 6 8.56 250 42
Box 33 8.86 241 37.12
Face 1 8.65 223 36.67
Face 2 9.2 37.23
Face 3 9.11 240 36.4
Face 4 9.02 36.7
Face 5 8.45 300 40.3
Face 6 8.54 36.15

Table A2. Corrugated paper box compression strength.

Maximum | Defection
Load
Test# | Box # (Ibs) (in)
Control 1 432.5 0.211
Sample 2 331.4 0.388
3 355.5 0.171
4 622.5 0.458
5 381.6 0.436
6 318.4 0.152
Vacuum/Steam 4 402.6 0.323
5 421.8 0.510
6 419.8 0.384
10 409.3 0.414
11 504.0 0.408
12 389.9 0.179
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16 340.1 0.212
17

18 294.7 0.324
22 257.1 0.290
23 227.2 0.255
24 252.0 0.313
28 346.0 0.154
29 446.5 0.316
30 443.7 0.334
34 367.0 0.328
35 425.3 0.205
36 423.5 0.314

Table A3. The Burst and ETC strengths of corrugated paper board.

ECT Test Burst Test
.. Moisture Content (% ECT Moisture Content (%
Sample #Condition Before| After Co(ndi)- T(e:st Before |After (. .) I?’I'ltj'-:rsstt
Steam| Steam | tioned |[(Lbs)|Steam |Steam Conditioned (Lbs/in?)
0-1 10.0 | 36.8 9.7 215
0-2 9.1 356 9.8 225
0-3 11.6 | 36.0 9.2 225
0-4 9.2 | 338 9.6 220
0-5 Control 10.1 | 31.1 9.9 200
0-6 10.9 | 334 9.5 210
0-7 9.0| 345 10.1 200
0-8 9.0| 34.9 9.2 205
0-9 8.2 | 33.7 7.2 195
0-10 10.0 | 31.7 8.5 210
1-6 9.2 | 140.0 14.2 | 67.4 8.2 123.0 11.8 240
1-7 8.1| 107.3 12.2 | 355 8.4 119.1 10.7 210
1-8 8.2 | 127.9 10.7 | 28.6 80| 933 11.0 200
19 | Treated 527479 11.6 | 29.1 77| 269 104|205
1-10 ;tnfa% 6.8| 585 11.0 | 30.9 78| 323 11.6 200
1-11 74| 23.0 9.8 | 329 84| 324 114 220
1-12 83| 25.6 10.7 | 32.4 82| 259 11.1 225
1-13 7.4 61.5 11.5] 29.0 1.7 27.2 114 250
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1-14 9.1| 166.9 12.4 | 29.3 80| 241 11.0 241
1-15 1.4 29.5 98| 34.1 8.4 101.7 11.4 255
2-1 6.6 | 14.0 9.9 333 79| 16.7 10.5 229
2-2 75| 133 10.0 | 39.9 71| 239 111 228
2-3 6.6 213 9.0| 28.6 70| 19.8 9.7 195
2-4 6.6 | 29.5 10.7 | 30.5 70| 175 9.9 215
2-5 81| 26.6 11.3 | 28.9 72| 18.6 9.8 205
3-1 50| 77.7 9.1| 29.7 72| 28.0 114 240
3-2 74| 60.7 10.7 | 34.8 40| 218 10.6 191
3-3 6.6 | 41.0 12.3 | 25.1 6.3| 515 10.2 195
3-4 16| 58.3 8.7| 37.3 6.2| 34.9 10.4 236
3-5 74| 434 11.5| 33.2 73| 457 10.9 190
4-1 85| 274 941|194 72| 925 10.5 198
4-2 6.7| 94.2 10.8 | 27.7 72| 56.7 10.8 165
4-3 7.6 | 105.1 9.3 240 410 11.0 240
4-4 74| 89.3 9.8 | 30.2 72| 66.2 10.2 228
45 | Treated T 5771 377 9.0 338 78| 717 109 220
5-1 r?]trﬁg% 82| 80.3 10.7 | 13.0 79| 115.2 9.9 210
5-2 74| 96.7 74| 36.8 76| 65.6 10.9 211
5-3 8.2 129.5 8.2| 354 7.3| 115.2 10.9 229
5-4 7.4 121.3 7.4 39.2 6.9 | 106.6 10.5 162
5-5 8.3 | 106.6 9.9 35.3 6.6 | 100.0 10.8 200
Table A4. Eobania vermiculata snail weight.
. Treating Eoba_nia Weight before
est number pressure vermiculata the test (q)
(mmHg)
1 5.15
2 4
3 1.5
4 1.38
2 5 4.69
6 4,95
250 7 4.43
8 4.09
9 3.89
10 431
11 2.77
12 5.09
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13 3.24
14 3.96
15 5.02
16 3.06
17 0.59
18 3.65
19 571
20 3.68
21 3.75
22 3.49
23 3.58
24 1.92
Average
Table A5. Snail weight change during the test.
T Treating Eobania Weight Weight Difference | Percentage
est .
number | Pressure vermiculata | before the | after the change
(mmHg) test (g) test (g) (%)
1 3.27 2.89 0.38 11.62
2 0.52 0.42 0.1 19.23
3 0.25 0.16 0.09 36.00
4 4.76 4.37 0.39 8.19
5 0.41 0.33 0.08 19.51
6 0.1 0.09 0.01 10.00
7 3.55 3.52 0.03 0.85
8 0.59 0.47 0.12 20.34
9 0.16 0.15 0.01 6.25
10 5.82 4.82 1 17.18
5 11 0.56 0.35 0.21 37.50
250 12 0.18 0.18 0 0.00
13 3.36 2.23 1.13 33.63
14 1.82 1.48 0.34 18.68
15 0.31 0.22 0.09 29.03
16 3.18 2.93 0.25 7.86
17 0.48 0.36 0.12 25.00
18 0.28 0.23 0.05 17.86
19 3.93 3.69 0.24 6.11
20 1.46 1.36 0.1 6.85
21 0.16 0.11 0.05 31.25
22 4.38 3.63 0.75 17.12
23 4.10 2.84 1.26 30.73
24 0.79 0.45 0.34 43.04
Average 1.23 1.04 0.30 18.91
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Table A6. Average weight change Eobania vermiculata during the tests.

Test Treating Cho_colate Weight Weight Difference | Percentage
Number Pressure Snail before the | after the change
(mmHg) test (Q) test (Q) (%)
1 5.75 4.81 0.27 16.57
2 3.33 3.1 0.28 16.45
3 0.73 0.64 0.29 16.72
4 5.14 4.12 0.30 17.38
5 2.35 1.74 0.31 17.25
6 0.99 0.63 0.32 17.71
7 3.78 2.85 0.29 17.74
8 3.14 2.63 0.29 16.91
9 0.84 0.6 0.31 17.62
10 5.52 51 0.27 16.95
9 11 3.98 3.48 0.27 16.88
250 12 0.15 0.19 0.28 16.37
13 4.16 3.57 0.28 16.73
14 3.39 3.1 0.29 16.38
15 3.58 3.15 0.29 16.32
16 4.39 4.12 0.30 16.74
17 4.25 3.38 0.31 17.16
18 0.41
19 4.22 3.53 0.28 15.86
20 4.17 3.28 0.24 15.24
21 0.99
22 4.32 3.44 0.23 13.29
23 3.9 2.64 0.24 13.84
24 0.72 0.54 0.25 14.42
Average 2.06 1.68 0.28 16.39

Table A7. Average weight of Cernuella cisalpine during the test.

Test Number

Treating
Pressure
(mmHQ)

Cernuella
cisalpina

Weight before the test

(9)

250

0.11

0.16

0.14

0.09

0.14

OO IWIN|F

0.08
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7 0.09
8 0.16
9 0.11
10 0.15
11 0.09
12 0.08
13 0.07
14 0.08
15 0.06
16 0.11
17 0.08
18 0.09
19 0.14
20 0.10
21 0.05
22 0.09
23 0.12
24 0.08
25 0.07
26 0.13
27 0.04
28 0.16
29 0.11
30 0.10
31 0.15
32 0.10
33 0.13
34 0.08
35 0.06
36 0.08
37 0.07
38 0.06
39 0.09
40 0.04
41 0.05
42 0.08
43 0.08
44 0.08
45 0.08
Average 0.096
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Figure Al. Temperature profile during treatment at the initial vacuum pressure of 250 mmHg at

test 1.
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Figure A2. Temperature profile during treatment at the initial vacuum pressure of 250 mmHg at
test 2.
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Figure A3. Temperature profile during treatment at the initial vacuum pressure of 250 mmHg at
the test 3.
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Figure A4. Temperature profile during treatment at the initial vacuum pressure of 250 mmHg at
test 4.
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Figure Ab. Temperature profile during treatment at the initial vacuum pressure of 250 mmHg at
test 5.
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Figure A6. Temperature profile during treatment at the initial vacuum pressure of 250 mmHg at
test 6.
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Figure A7. Temperature profile during treatment at the initial vacuum pressure of 250 mmHg at

test 7.
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Figure A8. Temperature profile during treatment at the initial vacuum pressure of 250 mmHg at

test 8.
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Figure A9. Temperature profile during treatment at the initial vacuum pressure of 250 mmHg at

test 9.
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Figure A10. Temperature profile during treatment at the initial vacuum pressure of 250 mmHg at

test 10.
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Figure 11. Typical temperature profile at the initial vacuum pressure of 500 mmHg at test 11.
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Figure 12. Temperature profile during treatment at the initial vacuum pressure of 500 mmHg at

test 12.
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Figure 13. Temperature profile during treatment at the initial vacuum pressure of 100 mmHg at
test 13.
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Figure Al14. Temperature profile during treatment at the initial vacuum pressure of 100 mmHg at
test 14.
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Figure A15. Temperature profile during treatment at the initial vacuum pressure of 100 mmHg at
test 15
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Figure 16. Temperature profile during treatment at the initial vacuum pressure of 100 mmHg at
test 16.
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Figure A17. Temperature profile during treatment at the initial vacuum pressure of 100 mmHg at

test 17.
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Figure A18. Temperature profile during treatment at the initial vacuum pressure of 100 mmHg at
test 18.
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Figure A19. Temperature profile during treatment at the initial vacuum pressure of 100 mmHg at

test 19.

100

90

80
g 70 —hottom deckboard
o 60
S S ———top deckboard
< 50
< / —front surface B
£ / top surface B
S 30 _op s_ur a(_:e

20 —!nter!or side

10 - interior top

0

0 10 20 30 40 50 60 70
Treating time (Min)

Figure A20. Temperature profile during treatment at the initial vacuum pressure of 100 mmHg at
test 20.
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Figure A21. Breaking strength test from the control ceramic tile.
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Figure A22. Breaking strength test from the treated marble tile # 101
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Figure A23. Breaking strength test for the control marble tile.
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