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Abstract: Part 1 provides a theoretical introduction of the hydrolysis mechanism, while Part 2 introduces other types of
reaction mechanisms after hydrolysis in elastomer and PA66 composites. We reviewed the condensation reaction, which
occurs after hydrolysis in bi-functional alkoxy silane (TESPD & TESPT), and investigated its effects on the mechanical
properties of the composites. We also reviewed activators such as zinc soap, which enhances the mechanical properties of
silica-silane-filled elastomer composites. The interaction parameter of silica-silane-filled elastomer composites [c.c (alpha C)]
were also discussed. The effects of hydrolysis on the mechanical property changes in plastic composites were compared and
reviewed.
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Table 1. Types of Silane Structure, Curing System and Application.

Silane Structure Curing system Application

TESPT (C,H;50);Si—~(CH;);—S4—(CH,);—Si(OC,Hs) Sulfur Tire treads, shoe soles, industrial rubber goods
TESPD (C,H;50);Si—~(CH,);—S,—(CH,);—Si(OC,Hs) Sulfur Tire treads, industrial rubber goods

TCPTEO (C,H50);Si—(CH,);—SCN Sulfur Shoe soles, industrial rubber goods

MTMO (CH;0);Si—(CH,);—SH Sulfur Shoe soles, industrial rubber goods

VTEO (C,H50);Si—CH,=CH, Peroxide Industrial rubber goods

VTMOEO (CH5;-0-C,H,0)Si—-CH=CH, Peroxide Industrial rubber goods

CPTEO (CH;30)3Si—(CH,);—Cl Metal oxide Chloroprene rubber

MEMO (CH;0)5S1—(CH,);—0O-C(O)C(CH;3)=CH, Peroxide Textile adhesion

AMEO (C,H50);Si—(CH,);—NH, Sulfur Special polymers, metal adhesion

OCTEO (CH;—CH,—0);Si—(CH,);—CH3; Sulfur, peroxide Processing aid
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Figure 1. Condensation reaction intermediate of silica and hydrolyzed TESPT [redraw from ref. 6&7].
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Figure 2. Cross-linking of unsaturated elastomers with sulfur containing silane (x=2 or 4). [adopted from ref. 9]
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Figure 3. Schematic illustration of vulcanized silane treated silica
(a) TESP (no sulfur), (b) TESPD, and (c) TESPT [adopted from
ref. 4].
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Figure 4. Photograph of the S4 (TESPT) and the S2 (TESPD)
compounds after ‘Firestone Flexometer BO test (45 min.)
[adopted from ref. 10].
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Figure 5. Zinc soap (ZB) concentration effects on BO deformation
ratio (d/D for the S2 and S4 compounds [adopted from ref. 10].
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Figure 7. Zinc soap concentration effects on BO time for the S4
and the S2 compounds [adopted from ref. 10].
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Figure 6. SEM photograph of silica-NR compound (a) without silane, (b) with silane (TESPT) [adopted from ref. 11].
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Figure 8. Changes in ar value as a function of the silane loading
upon various silica loadings (10, 20, 30, 40 phr) [redraw from ref.
13].
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Classification Monomers Structures ©C) Applications
Polyamide 6  caprolactam %NHCO(CHZ)s %» 215~225
n
HMDA® General Machinery Parts:
Polyamide 66 L %NH(CHZ)ENH —CO(CH, L0 %— 255~260  Gear, bearing, chem, nylon
adipic acid n .
boil, valve sheet, bolt, nut,
. HMDA, packing
Polyamide 610 sebacic acid %NH(CH"’)"’NH ——CO(CHyHCO j-l_n 213-213 Automobile parts: carbure-
b diami tor needle valve, oil reserve
. utanediamine. :
Polyamide 46 - . ’ NH(CH,) NH —CO(CH,),CO 278~290 tank, speed meter gear, wire
adipic acid % @ “e n harness connector

Polyamide 11  aminoundecanonic acid

Polyamide 12  laurolactam

Polyamide HMDA .

6-6T adipic acid
terephthalic acid
HMDA’,

Polyamide adipic acid

6-61T isophthalic acid
terephthalic acid

. HMDA’,
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methylpentane diamine

6M-T .
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Polyamide nonadiamine o
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terephthalic acid

%NHCO(CHZ)W%»H 187
+ NHCO(CH )y, +n
*ENH(CHZ)SNH—[CO(CHZ)“CO—/—CO‘@*CO%

%NH(CHQ)SNH—[CO(CH2)4CO—/—CO~©»CO —/—co@co% 310

Electric parts: coil bobbins,
relay parts, washers, refriger-
ators, door latches, gears,
connectors, plugs
Construction parts: chassis
parts, door latch, curtain roll-
310 ers

Sundry: Crockery for artisan,
non-return hammer head,
lighter body, hanger book,
comb, soles

Pressed products: film, tube,
sheet, monofilament (tooth-

176~183

~E[NH(CH )6NH / NHWNHFCO@co% 305 brush)
- CHs n Sporting Goods: Ski boots,

NH(CH,). NH*/*NH NH—CO CO%
s/ mma e amn—co oo,

roller blades, snow bikes,
bowling pins
263~306
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Figure 9. Interaction of polyketone and polyamide molecule with water and monoethylene glycol molecules :

polyamide66 [redraw from ref. 17].
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Table 3. Water Absorption of Polyamide with Respect to Amide
Concentration

m n-m

H,O Absorption, 24 hr

Polyamide (ASTM D570, %) % Amide
Polyamide 6 1.3~1.9 38
Polyamide 66 1.0~1.3 38
Polyamide 69 0.5 32
Polyamide 612 0.4 28
Polyamide 12 0.25~0.3 22
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Figure 10. Elongation at break of tensile specimens of
polyamide66 : (a) no immersion; (b) immersion in water [adopted
from ref. 29].
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Figure 11. Tensile strength of Polyketone/GF composites with respect to GF content (30, 35, 40, 45, and 50%) and PA66/GF30%

composite in MEG/water at 120°C as a function of immersion time.
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Figure 12. Tensile modulus of Polyketone/GF composites with respect to GF content (30, 35, 40, 45, and 50%) and PA66/GF30%

composite in MEG/water at 120°C as a function of immersion time.
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Figure 13. Strain at break of Polyketone/GF composites with respect to GF content (30, 35, 40, 45, and 50%) and PA66/GF30% composite
in MEG/water at 120°C as a function of immersion time.
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Figure 15. Tensile strength changes of various glass fiber filled polyamide66 composites with respect to MEG immersion time.
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Table 4. Mechanical Properties of Various Glass Fiber Filled Polyamide66 Composites Before and After Immersion in MEG (1,008 h)

Tensile Strength (MPa)

Tensile Modulus (MPa)

Tensile Elongation (%)

Impact Strength (kJ/m?)

[5 mm/min] [5 mm/min] [5 mm/min] [unnotch]

Before 178 9,551 3.1 66.04

D After 100 5,099 43 69.42
% change rate —44 —47 +40 +5

Before 185 9,494 3.5 76.62

V4 After 102 4,646 44 73.97
% change rate —45 =51 +28 -3

Before 171 9,078 2.9 61.09

K After 94 5,022 3.5 67.76
% change rate —45 —45 +23 +11

Before 167 9,039 33 772

A After 96 4,561 5.4 88.43
% change rate —43 =50 +63 +15
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