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9Viyl chloride monomer
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16-Bulk or mass

17-Emulsion

18-Initiator

19-Propagation

20-Chain transfer to monomer

21-Bimolecular termination
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22-Aging
23-Dehydrochlorination
24-Thermooxidative
25-Crosslinking
26-Autocatalytic
27-Polyene

28-Head to tail
29-Gravimetric
30-2,4,6-trichloroheptane
31-(2)chloropropane
32-,2,4-dichloropentane
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33-Allylic chlorine

34-Head to head
35-Chloromethyl
36-1-2dichloro-n-buthyl branch
37-2-4dichloro-n-buthyl branch
38-Long chain branches
39-Diethyl branches
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40-Dehydrochlorination
41-Peroxidation
42-Polyenes
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43-Oxygen Hydroperoxides
44-Carbonyl

45-Hydroxyl groups

46- Alkene

47- Photolytic
48-Chromophoric
49-a-chlorinated dienes

50- Polyenic
51-a,0-dichloroketones
52-B-chloro-carboxylic acid
53-The exited sinle polyenes
54-Allylic
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55- Peroxy

56- Chain-dehydrochlorination
57- B-chlorine

58- Y-chloroalkyl peroxy radical
59- Hydrogen abstraction

60- Bimolecular

61- Peroxide bridges

62- Alkoxy radicals

FA



A4

Sw $9 Wy oy g0 sl o $i9s0

AT Lol e S5 IS LT s e 0550 05,5 Hrame el VI 87 ST (la JSC 51,y sdae S game [2STls
OA JSC8) 558 o s by o 05557 4 oo 55k W PVC Ly o8 SUT IS,

058 JSi5 5 C-Clasl 0 4K Jols 48 ol HIUL L B-SCISSION L p g 55 oS ,SIT (sLs JSC 01, 48T ol o b o
OA JSs) deat e ol b S 5C-C oL L

Y STERNE

O sl 155 38 8 o 3lgiy S (‘}—:3&‘
S TN PRS- P FELL B (- Ve
5. ~CCICH2.CH2~ sla JI s, odas oLk

il s ~(CH=CH)n.CHCH2~

63- Alkoxy radicals

PVC ¢ STl g 58T —14 < 64- achloalcohol
S ? 65- ketone
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66- Dehydrochlorination
67- Scavengers

68- Light screeners

69- Excited state quenchers
70- Free radical scavengers
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76- Antiblocks
77-Binders

78- Nucleating agents
79- Clarifiers

80- Blowing agents
81- Coupling agents

71- Blocking process

72- Benzophenones

73- benzotriazoles
74-Hindered amine light
stabilizer

75- Antistatics

82- fungicides

83- Compatibilizers
84- Tracking resistance
85- packages

86- Chromophores
87-UV screens
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91- Excited
92- Chromophores
93- Quencher

88- Multifilament spinning
89- screeners
90- Quenchers
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94- Exterior pipe
95-Hydroxybenzophenone
96- Hydroxyl phenyl benzotriazole

97-Excited state quenchers
98- Chelate
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99- Single oxygen
100- Nickel di-butyldithiocarbamate
101-2.2-thiobis(-4octylphenolato)-n-
butylamine nickel

102-2(-2hydroxy-4-octyloxyphenyl)
103- Dipole/dipole
104- Quenchers
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105- Hindered amine light stabilizer 111- Nitroxyl o
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116- Nickel dithiocarbamates

117- Cobalt dithiophosphinates

118- Amidothiophosphates

119- Thiobisphenolates

120- Distearyl pentaerythritol diphosphate(Weston 618)

121- Nickel dibutyl dithiocarbamate(rylex NBC) 126- Benzophenone
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122- Electronic paramagnetic resonance

123- Hindered phenolic antioxidant

124- Hindered benzoate class

125- Aliphatic benzoate n-hexadecyl -3,5ditert-butyl-4-
hydroxybenzoate(CYASORB UV2908-)
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127-
128-
129-
130-
131-
132-
133-
134-

benzophenone
2-hydroxy-4-n-octyloxybenzophenone(CYASORB UV531-)
Aromatic bromine

Kinetic chain-breaking aantioxidants

Zip elimination

Chain breaking donor

Chain breaking acceptor

Preventive inhabitation processes
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We've compiled a Top 5 Why PVC Pipes are best
use for Water Projects:

Saving Energy

PVC pipe manufacturing is extremely efficient, with vir-
tually 100% of the compound being used during the pro-
duction of PVC and its conversion into finished products.

It takes four times less energy to make than concrete pipe,
and half that used for iron pipe.

(www.uni-bell.org/sustainable_cities.html)

Conserving Water

PVC pipes ultra-smooth surface reduces pumping costs,
and its leak-free joints eliminate water loss — which can be
up to 40 per cent in some oldtechnology piping networks.

Higher quality Water

Unlike pipes made from traditional materials, the excep-
tionally smooth walls of PVC pipes make it extremely dif-
ficult for sediment to accumulate.

Association of PVC Pipe & Fitting Producers 02
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Five
Reasons
to Use
PVC Pipes
for Water

Projects

Bacteria and other particles have virtually no chance
to attach themselves to the pipes inner walls - a major
advantage for sewer pipe systems, which often need
to transport waste water containing significant quan-
tities of sediments.

Saving Money

There is significant cost savings to using PVC pipes,
even more so when installation, low breakage rates
and life cycle costs are taken into consideration.

The longevity of the pipes also mean the pipes func-
tion more efficiently, reducing maintenance and on-
going work to the pipe making it more affordable over
time. Use our PVC Calculator to see how much you can
save on your next project

Proven longevity in service

PVC Pipes have a proven performance record of over
50 years in Australia, while overseas studies show the
life expectancy of PVC pipes to be over 110 years
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The Water Main

Report Card

OST WATER PROFESSIONALS ARE WELL

AWARE that in 2009, the American Society of

Civil Engineers (ASCE) issued its Infrastruc-
ture Report Card and gave a D- to drinking water and
wastewater infrastructure. In a small sign of improve-
ment, the 2013 ASCE Report Card graded drinking water
and wastewater a D, and in 2017, upgraded wastewater
further to a D+ .Things are getting better, right? Well,
that is a difficult question to answer.

In 2012, Utah State University published a survey of wa-
ter main break rates in the United States and Canada.
This survey was repeated and a new report published
recently. The goal of both surveys was to get a measure
of overall status of water main infrastructure. It should
be noted that the2018 study was conducted with sup-
port from the Uni-Bell PVC Pipe Association.

to summarize the report in a single sentence, it would
be that the overall quality of water mains in the United
States and Canada are getting worse. I would like to use
an analogy here.

There are some of us (water utilities) driving around
in recently purchased cars that never visit the repair
shop.

Many others drive vehicles that are showing their age
and repairs are a common occurrence. To complete
this analogy, the largest segment of our population are
driving cars with rusted out fenders, bald tires, and the
check engine light is on. They would like to get it re-
paired but the just don’t have the money right now.

The basis for this analogy is obtained by comparing the
2012 and 2018 survey results. The survey was able to
get 281 utilities to participate and provide experience
from 170,569 miles of water mains.

That is a sample size of 13 percent which provides an
assurance of accuracy. The survey asked a number of
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questions dealing with install pipe inventory, pipe
ages, sizes,and operating characteristics. However,
the primary focus was to have respondents report the
number of water main breaks that occurred in a pre-
vious 12month period and what pipe material failed
along with age.

A water main failure was defined as one where leak-
age was detected, and repairs were made. However,
respondents were requested to not report failures due
to joint leakage, construction damage, or tapping of
service lines because these failures are not indicative
of pipe degradation and are often identified early in
the first year of operation.

The goal was to examine pipe longevity.

The results are shown in Figurel. The pipe materials
are represented with the following abbreviations: AC
— asbestos cement, CI — Cast Iron, CSC — Concrete Pres-
sure Pipe

, DI - Ductile Iron, PVC - Polyvinyl Chloride, and Steel.



Overall, break rates increased by 27 percent over the
last six years. Most importantly, break rates of asbes-
tos cement and cast iron increased by over 40 percent.
Based on the survey

, cast iron and asbestos cement represent approximate-
ly41 percent of the length of pipe currently installed. A
large part of this pipe is nearing the end of its service
life and needs to be replaced.

A wide range of observations are made in the 2018
study that is available for download here. Some of the
conclusions reached by this study include:

82 percent of cast iron pipes are more than 50 years
old;

*Smaller utilities have twice the break rates of larger
utilities;

*Asbestos cement, cast iron, ductile iron and PVC
makeup 91 percent of installed water mains;

*The average age of a failing water main is 50 years;

*PVC pipe has the lowest break rate compared with
the typical pipes currently in use;

Cast iron pipe in a high corrosion risk soil has 20
times the break rate of one is a low risk soil;
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*Ductile iron pipe in a high corrosion risk soil has 10
times the break rate of one in a low risk soil;

*16 percent of water mains are beyond their useful
lives (up from 8.4 percent in 2012) but lack funds to
replace; and

*The rate of replacement of water mains fits a 125-
year replacement cycle (but most pipes won’t last that
long).

That last bullet is very important; our current rate of
water main replacement is inadequate. There needs to
be an increased focus on replacement of water mains.
Most people would not disagree on that point. The is-
sues finding the financial support to get this done

. What many utilities are doing is patch-ing old mains
instead of replacement. I have driven old cars most
of my life, but there comes a time where the old ve-
hicle repair costs become excessive and needs to be
replaced

. We will be finding ways to replace a large amount of
water mains in the near future.
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AMERICA’S UNDERGROUND

WATER PIPES ARE FACING AN
ALARMING CORROSION EPIDEMIC

As the Trump administration and Congress continue to wrangle over a comprehensive infrastructure
package, a new report warns that unless dramatic measures are taken, the nation’s rapidly declining
underground water networks will imperil public health and safety. Signs of stress surface daily in cities
and small towns across the country as the roughly 300,000 water main breaks the U.S. suffers annually
trigger floods and service disruptions, the report notes. The loss of water service is more than an incon-
venience; it causes significant social and economic disruptions.

A report released in March by Utah State University’s acclaimed Buried Structure Laboratory titled,
“Water Main Breaks in the United States and Canada: A Comprehensive Study,” points out that “acritical
component to public health and economic well-being is our drinking water which is brought to the tap
through an elaborate network of underground water distribution systems.”

It is the condition of these underground water distribution networks, specifically the pipes that serve
them, that is the focus of the Utah State study.

Because many of these pipes are beset by corrosion and age, a circumstance that contributed substan-
tially to the recent lead contamination crisis in Flint, Mich., Utah State researchers sought to obtain the
most reliable data available on the condition of these life-sustaining water pipes.

Some 308 water utilities in the United States and Canada, serving over 52 million people with nearly
200,000 miles of pipe, participated in the survey, making it one of the largest such studies ever conduct-
ed. The study was led by Dr. Steven Folkman, an internationally recognized expert in underground
testing and analysis.

In examining pipe performance and longevity, researchers focused on water main breaks as the most
objective way to quantify the condition of failing underground water networks.

Association of PVC Pipe & Fitting Producers 05
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The Curse of Corrosion

The findings were disquieting, to say the least. Between
2012, when Utah State last issued a similar report, and
2018, water main breaks increased by 27 percent. Much
of this is attributable to corrosion, particularly when
pipes are in naturally corrosive soils. Fully 91 percent of
pipes in service are made of four distinct materials: cast
iron and asbestos cement — both of which are no longer
manufactured in North America — as well as polyvinyl
chloride (PVC) and ductile iron.

The role of corrosion in water main breaks cannot be
understated, with 75 percent of utilities reporting corro-
sive soil conditions. According to the study, cast iron pipe,
92 percent of which is over 50 years old, in a highly cor-
rosive soil has over 20 times the break rate as one in a
low-corrosion environment. Similarly, ductile iron pipe in
a high-corrosion soil has over ten times the break rate as
one in a low-corrosion soil. Traditionally, the thickness of
the cast iron pipe wall provided some protection against
corrosion. But cast-iron pipes manufactured after World
War II have significantly higher failure rates due to thin-
ner walls. Because the wall thickness of ductile iron pipe
also has decreased over time, “internal and external cor-
rosion is a concern for this pipe material,” the study notes.

Of the four major pipe materials currently in use, only
PVC pipe is not subject to corrosion, the Utah State re-
searchers added. The study noted that

PVC pipe has the lowest overall break rate of all pipe
materials, reconfirming a finding in its 2012 report. Be-
cause of their immunity to corrosion and improved in-
stallation techniques, PVC pipes have seen their break
rate decrease by 10 percent since 2012. The break rate for
corrosion-prone ductile iron pipes, on the other hand, has
increased by 13 percent over the past six years. Noting
that most utilities have a moderate-to-high corrosion risk,
the study found there was a direct correlation between
soil corrosiveness and break rates in metallic pipes.

Financial Crunch

“A total of 16 percent of all installed water mains are
beyond their useful lives (up from 8 percent in the 2012
study), and utilities do not have the funds to replace
them,” the study points out.

Because water-main failures tend to increase exponen-
tially over time, utilities’ corrosion-driven crisis threatens
more and more communities. The study notes that the
situation is particularly acute in such states as Minnesota,
Wisconsin, Michigan, Illinois, Ohio, Pennsylvania, New
York and Massachusetts, where the presence of rapidly
deteriorating iron pipes spells trouble for water systems.
Facing decreasing water quality and increasing water
loss, pipe replacement levels at both large and small util-
ities are inadequate to keep up with the rate of deterio-
ration.

“Maintaining an obsolete system can cause
severe financial hardship for cities as well as
increase public health risks,” the study points out.
The study has attracted international attention.
Utah State reports that it has been downloaded
in more than 60 countries, a sign of how seriously
public health officials worldwide view water pipe
safety and reliability. And mindful of the disas-
ter that struck Flint, EPA has instructed its lab in
Cincinnati to undertake a comprehensive study of
corrosion in iron pipes.
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PLASTIC PIPE IS
KEY TO WATER
INFRASTRUCTURE

As our next administration and Congress grapple
with the challenge of improving our nation’s deterio-
rating water infrastructure, they should keep one fact
in mind. Polyvinyl chloride (PVC) pipe is the safest and
most durable and affordable material available today
to replace our aging underground systems and serve
the interests of U.S. taxpayers.PVC pipe costs less, and

lasts longer, than iron pipe.
]

The foremost experts on pipe durability have con-
firmed it. City officials in Pleasanton, California, have
validated it, noting that ductile iron pipe is 70 percent
more expensive than PVC pipe. PVC pipe failures are
“extremely rare” — and Burton, Michigan, is saving
over $2 million by replacing dilapidated iron pipe
with efficient, high-performance PVC. It is lead-free
and has been certified by the National Sanitation
Foundation International for safe water delivery (the
same standards the Environmental Protection Agen-
cy adopted for its own drinking water advisory pro-
grams back in 1990).

Iron pipe, by contrast, is prone to corrosion, and the
resulting bacteria buildup can affect the quality of
drinking water. As iron pipe corrodes, its useful life is
reduced and can lead to premature failures and costly
leaks and repairs. The iron pipe industry now makes

Association of PVC Pipe & Fitting Producers
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available ductile iron pipe, which corrodes even more
quickly than traditional iron pipe, due to the material’s
thinner walls, leading to increased breakage and loss of
water. Cast iron pipes may have served our infrastruc-
ture needs in the past. But today, after reaping the bene-
fits of an uncontested monopoly for nearly a century, the
iron pipe industry finds itself in a fight for its survival,
as PVC pipe has quickly become the go-to material to re-
place iron pipe in cities across the nation. In response,
the Ductile Iron Pipe Research Association (DIPRA) has
launched a campaign to malign the PVC pipe industry.

Complicating DIPRA’s message, though, are numerous
news accounts of corroded iron water mains rupturing
around the country, impacting first responders and dis-
rupting people’s lives. Meanwhile, the group’s president,
Jon Runge, continues to mislead the public by promoting
a DIPRA-backed study that contains incorrect informa-
tion.

DIPRA is also engaging in a behind-the-scenes effort to
protect iron pipe’s monopoly at the expense of U.S. tax-
payers, spending countless resources to pressure states
to block PVC pipe from being considered as a possible
material option. If successful, iron pipe manufacturers
would be an exclusive material provider, allowing them
to control the market and charge city officials whatever
they wish. And, as everyone knows, when competition
shrinks, taxpayers lose — resulting in higher prices for
everyone. The ductile iron industry defends these mo-
nopolistic actions by telling the American people, effec-
tively, “Don’t worry, we know what’s best for you” and
then attacking PVC pipe. But industry officials are con-
spicuously tongue-tied when it comes to defending the
corrosive-nature of ductile iron pipe and remain silent
about PVC pipe’s economic advantages over ductile iron.

Policymakers should keep in mind that business monop-
olies never have the taxpayers’ best interests at heart.
When it comes to repairing our nation’s infrastructure,
the public deserves to have PVC pipe represented at the
decision table.
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ENTEK has recently introduced several new
hardware and software products to support its
line of QC3TM co-rotating twin-screw extruders.

New QC3 Vacuum Stuffer/Side Feeder Combination Unit

The newest QC3TM hardware introduced by ENTEK is its new QC3TM Vacuum Stuffer/Side Feeder Combination
Unit. For use with the QC3-43MM twin-screw extruder, this innovative unit was designed with numerous features
that allow for easier operation and faster service than traditional vacuum stuffers and side feeders. Features and
benefits include:

-Stuffer barrel can stay mounted to the extruder, while the rest of the unit is pulled out for cleaning. This means
the barrel can be cleaned in place and the screws will be exposed for easier cleaning. (Quick Change + Quick Clean
feature)

-Can be used as a vacuum stuffer or a side feeder, switching only cooling and vacuum hoses to change configura-
tion. (Quick Change feature)

Association of PVC Pipe & Fitting Producers 08
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-Unit can be mounted to any of the 6 closest barrels to
the arm mount (3 upstream & 3 downstream) (Quick
Change feature)

-Bolts are designed to be easily removable with the
built-in air ratchet. All bolts intended for frequent as-
sembly/disassembly are the same size; some are at an
angle for easier assembly/disassembly (Quick Change
feature)

-Mounted to top deck of extruder; preferable to sepa-
rate unit with casters on the floor (typical side feeder),
and easier access/service than mounting above extrud-
er (typical vacuum stuffer)

-Arm is easily maneuverable

New ENTEK Software Program Allows
for Faster, Easier Screw & Barrel Lay-
out Design

One of ENTEK’s newest products is a new software pro-
gram designed for customers to quickly and easily de-
sign screw and barrel layouts for their specific applica-
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tions. Currently in beta test, this new program has shown
great promise in helping cut lead times and enhance com-
munication between ENTEK and its customers.

There are several built in features for this new software,
including:

-Drag and drop on all components that customers need to
specify: barrel sections, screws, metallurgy, etc.

-Automatic calculation of remaining space on the screw
shafts

-Safeguards to prevent putting certain elements where
they do not belong

-Easier part ordering as complete part numbers are fur-
nished within the program

-Easy save within the program or export to an excel file
options once design is complete

“All of these new products are things that our customers
communicated to us that they wanted,” said Linda Camp-
bell, ENTEK’s Director of Sales. “They solve common
problems, make their lives easier and ultimately improve
their productivity

09
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Indian PVC pipe maker plans demerger

Prakash Industries, an industrial company based in India, is to spin its PVC pipes business out
into a separate entity.

The company’s other divisions are devoted to steel and power.

“Going by the continuous growth trajectory witnessed in the PVC pipe industry — coupled with
improving prospects in agriculture and housing — the sector has tremendous growth potential,”
said the company. For the first nine months of the current financial year (ended 31 December
2016), turnover and profitability of the PVC pipe division grew by 14% and 20% respectively,
compared to the corresponding period in the previous year.

Prakash says that demerging the PVC pipes business will help the business become more prof-
itable.

“A more ‘pureplay’ company, having a singular business, is preferred by investors as it follows a
focused and sectorspecific growth strategy,” the company added.

The company says that its ‘Prakash’ brand of PVC pipes is particularly strong in the north of
India, where it has a ‘significant market share’. Part of its ongoing strength in this part of the
business is due to ongoing consolidation and expansion initiatives in the PVC pipes unit in Uttara-
khand, the company said.

Prakash said the demerger would “protect the respective businesses from each other’s risks
including industrial and economic slowdown, change in regulatory policies and other market
forces”.

Association of PVC Pipe & Fitting Producers 1 0
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Mexichem has acquired UK-based technical PVC compounder Vinyl Com-
pounds

Holdings (VCHL), which supplies to the construction, pipe and profile, foot-
wear and consumer goods industries and generates sales of around $40m.
Mexichem said the UK firm will become part of its $2bn global Vinyl Business
Group.

The company said the new addition will expand its ability to meet global PVC
compound demand and will enable further vertical integration of its Com-
pounds Business Unit operations through VCHL’s stabiliser technologies an-
drecycled PVC capabilities.

“This transaction is aligned with Mexichem’s strategy of completing bolt-on
acquisitions that provide us with access to new geographies and end markets,
expand our portfolio of specialty products and serve as a platform for future
growth, while enhancing returns on invested capital,” said Sameer S Bharad-
waj,

President of the Compounds Business Unit. Bharadwaj described VCHLas a
company “with a strong management team that has achieved consistent sales
growth and has developed a loyal and impressive customerbase.” It operates
from a

28,000m2 facility at High Peak in Derbyshire and has invested more than
£5m in compounding and R&D equipment over the past four years. It claims a
production capacity of more than 80,000 tonnes/year.

Mexichem is one of the world’s largest chemical and petrochemical compa-
nies and a leader in the manufacture and supply of plastic piping. The Mex-
ico-headquartered company has operations in more than 30 countries and
generates annual sales of around $5.7bn.
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Mexichem
buys Vinyl
Compounds




NEWS

Amorphous vs.

Semi-Crystalline

egardless of whether the polymer you are process-

ing is semi-crystalline or amorphous, melt unifor-
mity is required to obtain consistent part dimensions
and performance. Understanding how each melts
allows the processor better control in processing.
Whether semi-crystalline or amorphous, each relies
on the same sources of energy for melting: the barrel,
screw, and heater bands. Most of the energy, about
80%, comes from friction of the pellets against the bar-
rel wall and compression in the transition zone of the
screw. The remainder comes from the heater bands
around the barrel. The energy-transfer mechanism
is the same for both amorphous and semi-crystalline
resins. However, this is where the similarity in melting
these plastics ends. An important factor that differen-
tiates them is the amount of energy required to melt
each. A kilogram of a semi-crystalline resin, such as ny-
lon 6, requires significantly more energy than1 kg of an
amorphous resin such as ABS. In fact, nylon takes If you
want consistent dimensions and performance 24/7, you
must have melt uniformity.
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Understanding the differ-
ences in how each melts is
crucial to obtaining melt
uniformity.

Normally, the differences relate to the different arrange-
ment of the polymer chains in a part. With amorphous
polymers, the chains are random—meaning they have
no specific order or alignment, something like tangled
pieces of string. Semicrystalline polymers have a struc-
ture or ordered pattern of chain alignment. The prefix
“semi” is used to note that not all the polymer chains in
a semi-crystalline part are crystallized. There are areas
of crystallinity and areas of random (amorphous) chain
orientation within a given part. Colors, additives, and
cooling rate influence the degree of crystallinity, which
changes part size and properties.
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Regardless of whether the polymer you are pro-
cessing is semi-crystalline or amorphous, melt
uniformity is required to obtain consistent part di-
mensions and performance. Understanding how
each melts allows the processor better control in
processing. Whether semi-crystalline or amor-
phous, each relies on the same sources of energy
for melting: the barrel, screw, and heater bands.
Most of the energy, about 80%, comes from fric-
tion of the pellets against the barrel wall and com-
pression in the transition zone of the screw. The
remainder comes from the heater bands around
the barrel. The energy-transfer mechanism is the
same for both amorphous and semi-crystalline
resins. However, this is where the similarity in
melting these plastics ends. An important factor
that differentiates them is the amount of energy
required to melt each. A kilogram of a semi-crys-
talline resin, such as nylon 6, requires significant-
ly more energy than

1 kg of an amorphous resin such as ABS. In fact,
nylon take about twice as much energy to melt as

an ABS (about 716 BTU/kgvs. 342), yet their pro-
cessing temperatures are similar. Twice the ener-
gy requirement for the nylon means your process-
ing ducks had better be in a row.

So now we know what we must do to melt nylon
vs. ABS from an energy standpoint. But there is
another issue to make your processing life harder.
Semi-crystalline resins stay hard until they reach
their melting temperature. It’s like melting ice.
Ice does not change in hardness significantly as it
warms up from -10 C (14 F) to -0.5 C

(31 F). Fall on ice at either temperature and I
doubt you will feel any difference in hardness.
Like ice, semi-crystalline resins do not soften until
they reach their melting temperature. They stay
hard until they meet two criteria:

First, you put in enough energy to bring them to
their melting point; and second, you have to put
in another dose of energy to overcome the heat of
fusion (melting)—that is, break up their ordered
chain pattern.Itislike an energy barrier to melting.
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How Much L/D Do You Reall

Need?

A screw that is too long for the overall processing situation can actu-
ally limit output.

Just like selecting the extruder
size and drive combination, the L/D
should be carefully evaluated.

section stays approximately the same length,
less of the L/D, the rest of the screw is devot-
melting and pumping. The deeper the screw
els, or the higher the specific output (Ib/rpm),
more length you need to complete melting and

In the early 1960s, extruders typically had a
diameter ratio of 20:1, and a machine wi
L/D was considered long. Since then, extrude
gotten longer, with 30:1 to 36:1 L/D becoming
dustry“standard.” Some extruders even exceed

L/D for special purposes like double venting, com- develop the pressure necessary to push the polymer
pounding, or hlgh speed processing. What benefits out the die. As designers reached these limits, ex-
does the additional length provide? Mostly increased truders were built longer to handle the economic
output and improved homogenization. Since the requirements to pump out more and better product.
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I Iowever, there are actual limits on increasing output as L/D is increased.

Usually these limits are due to the inability of the feed section to deliver more polymer. On smaller-diame-
ter screws, that limit often is determined by screw strength. On small screws you can only go so deep in screw
channels before the screw is over torqued and fails. On larger extruders, the efficiency of feeding decreases as
the channels get deeper until there is no further increase in output.

Two-stage screws benefit more with increasing L/D because about 4-6 D is consumed in the vent area, which
contributes very little to melting or pressurization. For most applications, you’ll need a 30:1 two-stage screw to
match the output of a 24:1 single stage screw (see illustrations above).

Are there any disadvantages associated with longer extruders? Some polymers melt much easier and faster
than others. Also, some processes typically have low head pressures, while others have much higher dis-
charge pressures. Inherent viscosity differs a lot between polymers, and some shear-thin significantly while
others do not (i.e., are more “Newtonian”). As a result, screw performance is optimized at a variety of L/Ds
rather than at any one standard L/D.

A screw that is too long for the overall processing situation can actually limit output .The limitation general-
ly shows up as excessively high melt temperature that can cause polymer breakdown, color shift, loss of ad-
ditive effectiveness, and plate-out, to name a few issues. For a polymer that melts easily, the melting length
should ideally be shorter, as excessively long transitions can actually reduce melting rate. The same is true
of pressure development, as widely used melt pumps greatly reduce the need for long metering sections to
handle the discharge pressure.
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