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1.1 28 Roller 2 Mol £&F

Paper, printing, steel, textile, wood, tanning,
business machine, and plastics.

1.2 18 Rollere| A&

Feed, squeeze, protect, isolate, insulate, conduct
or dissipate an electric charge.

1.3 15 Roller Atje| EXln} ALRRHE

1) Graphic Art

Resistance of printing ink, resistance of dampen-
ing solutions, roller washed.

NBR and PVC/NBR blends.

2) Pulp and Paper Making Rollers

Resistance of chemicals, excellent dynamic char-
acteristic under high pressure and speed, long life
time.

NBR, NBIR, EPDM, CSM, CR, NR, SBR,

HNBR, and polyurethane.

3) Steel Processing

Cost, squeegee, wipe and stretch steel during
processing.

NBR, EPDM, CSM, CR, NR, SBR, XNBR,
HNBR and polyurethane.

4) Textie Industry

Dying, bleaching, mercerizing and slashing apph-
cations.

Resistance of chemicals, excellent dynamic char-
acteristic under high pressure and speed.

NBR, EPDM, CSM, XNBR, HNBR and limited
use of polyurethane.

5) Industrial Rollers

Feed, squeeze, protect, isolate, insulate, conduct
or dissipate an electric charge.

Coating rollers, the furniture industry, the plas-
tic industry, the food industry, the leather industry,
the circuit board industry, the glass industry, etc..

NBR, EPDM, CSM, CR, NR, SBR, XNBR,
HNBR, silicone, and polyurethane.

6) Business Machine Rollers

Copy machine, offect duplicators, lazer printers,

251



233}z 41324 A4z

dot matrix printer, film processors, label presses,
plotters, Fax machine, etc..

Chemistry, heat, coefficient of friction and
abrasion resistance.

NBR, EPDM, CSM, CR, NR, SBR, XNBR, and
silicone.

1.4 115 Roller Manufacturing Processes

1) Casting

Polyurethane and liquid siliconeo) A}

The mold degassed to rcmove trapped air and
placed in an oven for curing.

Offest printing roller, steel mill roller, pulp and
paper making rollers, and general industrial roll-
ers.

2) Molaing

Compresson, transfer, injection molding process.

Small offset printing rollers and business ma-
chine rollers.

3) Strip-Building

1970030 o 7B 4.

This process was a take-off of the orbitread
method of building tires, where rubber is fed into
cold feed extruder, a thin ribbon is wound around
a mandrel and pressure is applied to the rubber
with an applicator head to insure trapped air is re-
moved in the fabrication process. -

Graphic arts rollers, pulp and paper rolls, steel
mill rollers, textile rolls and general industrial.

4) Calender Buiding

HEAQ rollerAZ Wijo2 Aoz o] vy
22 Ao,

Table building process.

Three roll building.
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1) NBR

Nitrile rubber, 23 rollerAtgl¢] 60% = A,

@ Resistance to aliphatic hydrocarbons.

@ Compounding versatility in order to meet a
variety of end use applications.

@3 Cost effective material.

@ Ease of manufacturing rollers.

Applications ; Coating roll, flexography, paper
making and converting, offset printing, textile,
wood, and steel.

2) NBR/PVC

(@ Resistance to aliphatic hydrocarbons.

@ Improved ozone resistance over straight ni-
trile.

@ Improved abrasion resistance over straight
nitrile.

@ Enhanced grinding characteristics.

Applications : Coating roll, flexography, convert-
ing, offset printing, and steel.

3) XNBR

s54o2 NBR¥} Akt mk2A4e Buna N,
Neoprene, EPDM, Hypalon, NBRRt} $-<310] 3}
32 40) $%:3h.

(@ Resistance to aliphatic hydrocarbons.

@ Abrasion resistance.

® Cost effective material as compared to
alternative abrasion resistant type. ’

@ Ease of manufacturing rollers.

Applications : Paper making and converting,
wood, and steel.

4) HNBR

1970:dcho ApEEglom WHEA, Wide] +5
3jc}.
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@ Improve abrasion resistance. (D Ease manufacturing rollers.
@ Excellent dynamic properties and low @ Compounding versatility in order to meet a

hysteresis.

@ Improve tear and chunk out resistance.

@ Retention of roll geometry.

Applications : Paper and converting, steel, and
general industrial rollers.

5) EPDM

Ethylene, propylene, diene®] ¥58A 24 o=
4, Wakate) $43id.

(D Resistance of polar solvents(i. e, esters and
ketones)

® Compounding versatility for an extensive va-
riety of end use application.

® Resistance to temperatures up to 177°C/350°F.

@ Resistance to acids and caustics.

Applications ; Coating roll, flexography, paper
making and converting, offset printing, textile,
wood, and steel.

6) CSM

3}3t- o2  chlorosulfonated polyethyleneo &
Hyplaono 2 2 at&j# 9},

(D Resistance to ozone attack.

@ Outstanding abrasion resistance.

® A board range of chemical resistance.

@ Withstands temperature up to 140°C/300°F

® Outstanding tensile/tear strength over the
entire hardness range.

Applications : Coating roll, flexography, paper
making and converting, offset printing, textile,
wood, and steel.

7) CR

Polychloroprene rubber 4] Neoprenee @ 2 o
HA glon 1FEd AET ARl 17l
Wirde] NBR3} fAlske e EAa wedhe] &
Y

variety of end use applications.

(3 Balance of physical properties.

Applications : Coating roll, flexography, paper
making and converting, offset printing, textile,
wood, and steel.

8) ECO

Epichorohydrin rubber, or polyepichlorohydrin.

@ Resistance to aliphatic hydrocarbons.

(® Outstanding ozone resistance.

(3 Excellent dynamic properties.

Applications : Offset printing, business machine,
and gravure.

9) AU,EU

Polyurethanes= 2| 2 4] liquid cast technology®
roll A=,

(D Excellent abrasion resistance.

( Outstanding resiliency even in extreme hard-
ness(i. e. 75 Shore D).

(3 Polyesters have excellent solvent resistance.

Applications ; Coating roll, paper making, steel,
gravure, and industrial rollers.

10) NR

Natural rubber2 3}8t" 0 2 polyisoprene ).

(D Resistance of polar solvents(i. e, esters and
ketones).

@ Outstanding resiliency.

@3 Cost effectiveness.

@ Abrasion resistance.

Applications ; Flexography, paper making and
converting, and steel.

1) SBR

Styrenes} polybutadiened] FFgAely Adx
o} A WS 1.

@ Cost effectiveness.
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Applications : Paper making and converting,
steel, and industrial rollers.

12) MQ

Siliconeo]w} 3}8tA 02 polydimethylsiloxaneo)
o Ag02 At

@ Outstanding resiliency.

@ Low coefficient of friction(i. e. good re-
lease).

® Heat resistance up to 260°C/500°F.

Applications : Flexography, paper making and
converting, general industriz rollers.

13) MQ/EPDM

MQe} EPDMY] £& 44¢ ez 9l 12
449 540 358

(@ Enhanced toughness over silicone com-
pounds.

@ Enhanced release properties over straight
EPDM.

@ Improved heat resistance over straight

EPDM up to 204°C/400°F.

Applications : Paper and industrial rollers.

14) FKM

Fluoroelastomerse]] ArE=02 Viion, Fluorel
2 @A glon Wy, WeAd, el ¢4
i}

. Enhanced toughness over silicone com- -

pounds.

@ Resistance to a broad range of solvents.

® Heat resistance up to 500°F.
- Applications ; Paper, steel, textile, and industri-
al rollers.

15T .

Thiokol 2-& polysulfide rubber 4.

(@ Resistance to a wide range of solvents.

@ Poor physical properties.

@ Objectionable odor.
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Applications ; Wood, coating roller, and industri-
al rollers.

16) IR

Butyl rubberZ 4] isobutylene} isoprene?] 53t
Aok, Wisistdont ul4-A144e EPDM3} fAlsket.

Applications : Coating rollers and general indus-
trial.

1.6 15 Roller At42| ojaj

25 Roller 4Hl e o}3h 2 FAelA o9
dq 2 LS Agstolel . F, AR A

| AAE 1538} o wztd Aol S78A] &
4= A% AAE a7 Hglen, Sule LTE
A3 A1) el b2 X dg AAA e F2A
A Hug A Arle A 9 A2 24T iZlH
2% rollero] A4, 2|3 FARA) w2 A2
7)4E3}e] W3} o) Fo)z{of gt

- Environment scrutiny.

2 o
o

- New equipment design.

- Competitive pressure has led to evaluation of
alternative production technology.

Application of high performance material.

Polysulfide, FMQ, HNBR, FKM, Vamac, PO,
ECO, and ACM.

Table 1. Roller market segmentation in USA

Item Percentage(%)
Graphic Arts : 35.30
Offset printing 85.35
Flexographic printing 6.66
Gravure printing 6.66
Letter press 1.33
Pulp and paper 42.40
Steel and aluminum industries 3.50
Textile industry 2.35
General industrial 7.05
Business machine 9.40

* This market segmentation is based on roller
sales dollars.



A=)
IFE AE

New technological development.

Rotational cast polyurethane.

Alternative technologies that eliminate rollers
completely, like indigo. \

2. Polyurethane

Vinylo} diened] %3l 9ajA 4} PS,
PVCe} & ngate] 348 19309 24 A
Agglon}, 728 x7]e] DuPont®] Carothers:
adipic acid®} hexamethylene diamine?] Z3%ul2.0
2 ¥ Nylon 669 34d3}5ic}.

HOOC(CH,),COOH+ HaN(CHs)e-NH;
|-H0
-ENH(CHz)s NH CO (CHz)s CO NH(CH,)s
NHCO(CHz)s CO }n

Otto Bayer+ 1937wd¢ll diisocyanate?] ¥7}53
Hhe-ofl ofslx] mEAeke) polyurethaned wWs 4
ek Akstgd o, disocyanate?t diold- )43}
of t}&3} #e F9 A7t A8 9% polyconden-
sationgh-2 WH7skgicl,

nOCN-(CH;)e-NCO+nHO-(CH,)4+-OH

— ~HOC-HN-(CHy)e-NH-CO-0-(CH2)4-01-_

1982139} Alukak Otto Bayerol) 9j&to] o] 2o

‘Wide-meshed network

polyurethaned 1 2A| AAAHoZ 3007 Eo
Arbels) 62 ©lo] wjEd o]F5len, 19953
6.69ut =& Aakstoicl.

Otto Bayer: 1¥xlefe]l 712 22 polyester
polyolZ 9= polyurethane?| EtAJo] ks AL
LAs Ao, o) 1Y) BAA B2 A7
& 4 gl

olgfgt  ¥ARbel networke] AL &9
diisocyanate] crosslinkingel] ¢J3+ Zelc}. 28z
polyurethane elastomer+ ¥ejdtd o X} net-
worko] segmentZ T-AJ¥¢] hard segment$} soft
segment7} L2 FAEE= YA 71T Q)

| soft ! hard
~~ SEZment - segment

sAA~AAAA-  rest of the long chain diol(high molecular weight)
- < rest of the short chain diol(low melecular weight)
—_— : rest of the diisocyanatle
. . urethone group

The ideal structure of segmented polyurethane

133 polyurethane elastomere o3 7248 3
74 2900 a4 HA g}

- an oligomeric polyether or polyester glycol

~ a short chain glycol or diamine

- a dusocyanate

Soft segment: coild} 7o) &2 9lo] ApGE$}
hard segmentz}i &= THEl oligourethane
diisocyanate} chain extender(glycol and diam-
ine) 9] b <l At ey Floryel &
Aol 9Jai A o]&H <l hard segment®] Frct AA
Aoz o go] At Hrl.

B N e e Sn ausee S
L—— soft segment ———-—L se}:r;:nt soft segment —J—-hard segment—!

The realistic structure of a segmented polyure-
thane

polyol@} glycol?) diisocyanate ¥H-3-o) 234 A
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Young’s moduli of materials

10°
5
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The Young’s modulus of PU elastomers(including

glass fiber reinforced products)

200nm

TEM of a film of a segmented PU elastomer. The cylinder
shaped hard domains are represented by the white ares(bars)

7] nonpolar soft segment®} F§%9] hard seg-
ment®] BlEAC R dte] Y2 AE 74 A
A7 BAdo] "ol wekA domainAfolel AHEE}
FA€.

A1) polyurethane segment?] 94, 7142 A
AL #3A 02 crosslink = 3l A oFF o
2r}. hard segment domain®] £-§¢7} detAA
$ vehdich $82% 49 918 LrdAe Wka
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r—u 25A

Schematic superstructure for the segment outlined
in the TEM and cylinder model of the hard do-

mains

Reorientation

Stretching

Upon stretching, a por-  Reorientation after

tion of the soft seg-  stress and therm-
ments are stressed by  ofixation. '
uncoiling, hard seg-
ments are oriented in

the stress direction.

AAolet. Aol 37 4ol soft segmente F
2]9], hard segment = stress W3k o 2 wjd ),
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Hard segment® 250°C (urethane®] d¥-sj&x)
ojAto 2 7tdste] i A3l polyurethane d7}
249 A% vehliA Se

7t &AA S Age Soft segment 8] AW}
&9 $Aald| 7]elgk}, Polyurethane elastomer)
Tg, resilience, A4 soft segment?] 7Zo)9} &4t
o &3}, hard segment?] $-425E WIS
29,

Prepolymery= 4:-%0] ¢ie AejolA 74<2(80°C/
176°F) 294719 A of 22 diisocyanate?} poly-
ether-diolo]u} polyester-diol?] uh--o] a4 o5
o]Alc}. Z8l3 prepolymer?] isocyanate $Heke ok
4-10% oj=, FAlekE 84004 2,100 A}e]olct.

Ao A 39 prepolymers 1AM THEY
dAZ =of glef. |7t 60-100C Y 58 7}ds)
of AL} e dHA R whE Fof chain extend-
erdl glycololt} diamine®} 4joFc}.

s 9
o Onco + HO-R-OH —+ OCN -O—Nnc -0-R-0-CNH —Onco

Polyol Where R-asually a polyether
or polyester

TDI prepolymer

4+ HO-R-OH -—*=

ocn —O—cu,—(}nco
o O‘Q(,*ONI((?—O»K-D-(?ILN AL Yo, e ¢ wacue
MDI prepolymer

Polyurethane prepolymers

tj3-39] 74 chain extender+= MDI prepolymer

3. S EHe IRE HE
Polyurethane elastomery mF3oke] AEEE
Polyurethane BMdEAIZAS] F30lH, 19404
27) wEelA 53 FU3 oA A,
Vulkollan{I. G. Farbenwerke), Vulcaprene A (ICI)

59 AAsAo] sl Ao] AlREAL, 1 F vl
A% Adiprene L, B, C series(DuPont) & $JA[3}4
Chemigum SL(Good Year Tire and Rubber),
Genthane S(General Tire and Rubber), Daycollan
(American Latex Product), Elastothane(Thiokol
Chemical) §o] 44 ARl £33 El‘}it}

Polyurethane elastomer& A3 9] A

AL QAo 2708 AL E. Miillero)n], 1+ 7_}&
polyester9} 1.5 vhzerItjo)Axloho]E (Desmodur
15)% #2932 3= elastomer7} “Vulukollan” 9]
w30 2 Al@E|gch K. A. Pigatt, C. S. Schollenbeger
£2 o714 4 Polyurethane elastomers 4718}l
7, 1 ¥ 4 Al o8 AbE, el )
2 ek

Polyurethane elastomery &&tAo2 HH3id
TR AYTEYeR FREL e 97
Ao, 48 Ao ASA (FLuA)E Wit
A% wsn Sy we EAyeR JYIct 4
' Plaied du 1YFAE AFel oA 7He
S48t Agahe Ao F2 AEAY} A
Yol o3 7}k

}\

AT
Z
_’..

1=very good 3=medium
Mechanical strength  2=good 4=f{air

Service temperature(pC)

Rebound resilience

Ozone and weathering resistance

I=low

Oil resistance h=high

AU, EU=Urethane Rubbers

Urethane rubbers in comparison with other rubbers
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Prepolymers One shot system
Polymeric Diisocyanate  Polymeric glycol/diisocyanate
glycol (TDI, MDI) chain extender/catalyst
(Polyester, system
polyether)

Stable in storage or
unstable in storage
(Vulkollan)

Prepolymer

~ Mixing to chain extender

(MOCA, etc)
liquid polyurethane
Alterinative processing routes for liquid polyure-
thane elastomers

Fabrication techniques

1. Casting : cast into hot moulds until dimensional-
ly stable.
Hot air post-cure for 3-24 h at 100°C
. Centrifugal casting,
. Rotational casting,
. Compression moulding from plastic gum.
. Transfer moulding from plastic gum.

h U1 = DN

. Spray coating either reaction or solvent tech-
niques.

7. Reaction injection moulding at low pressure spe-

cially microcellular products e. g 2-3 min

demold time.

Table 2. Property comparison of ether and ester
polyurethane rubber

Eher Ester
Coefficient of friction High Medium
Wet traction F G
Dry traction E F
water resistance E P(unprotected)
Oils G E
Fuels F G

258

Eher Ester
Heat resistance F E
Compression set G G-E
Low Durometer F-G G-E
Abrasion G E
Bonding to metal E E
Rebound E G
Solvents High Low or High

E=Excellent, G=Good, F=Fair, P=Poor

Table 3. Selection of a cure system for a specific
durometer

Cure Peroxide Sulfur  Isocyanate

Durometer
25A

30A

40A

50A

60A

70A

80A

90A : VG

50D

60D

70D

C=Common, G=Good, VG=Very good

<
Seeoaa
CRQ0§ 5§

DO OO0

The PU-elastomers are divided into three groups
of products :

- the castable liquids

- the thermoplastic resins

- the millable gums

Table 4. Typical properties of poly urethane elastomer

Cast Millable Thermoplastic

Property elastomer gum elastomers
Hardness, Shore A A65-D70  A45-95  A82-D6D
Tensile strength, MPa 31-48 20-39 34-43
Elongation, % 350-650  300-600  400-500
Modulus 300, MPa 4-20 10-22 7-20

Tear strength, Graves N/mm 7-12 5-25 25-45
Compression set*, 24h/RT% 10-25 5-15 20-30
Compression set*, 2¢h/100C% 100 20-45 100
*DIN 53517
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