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Artificial aging of tines - preliminary trial

6 days

Tines

Figure S1. Preliminary trial of artificial aging of tines at 70 °C and 75 % RH after 6, 7 and 8 days.
Bubbling was clearly visible after 7 days and increased excessively after 8 days.

Bubbling occurred likely because the glass transition temperature (Tg) was exceeded.
One can infer that the Tg was lowered by the conditions applied during the artificial ag-
ing. The high relative humidity might have led to an increased distance between poly-
meric chains due to absorbed water. Therefore, the mobility of the polymer chains was
increased, and their Tg was lowered. In addition, it was unclear how the artificial aging
influenced the mock-ups' camphor content and their chemical and mechanical properties
over time. Indeed, a decrease in the molecular weight and nitro groups would increase
the mobility of the polymer chains. This would result in lower interchain attraction and
cohesion due to the enlarged free volume of the end group regions.

Table S1. Overview of the rejected and selected mock-ups based on their production defects.

rating

defects

Selected mock-ups
(no deformation)
ca. 70 %

No bubbles, blowholes, deformation or dis-| -
coloration

Only small cavities on sites and surface o
tines

Only small sunken areas on cylinders




Reiccted " e  Very few small bubbles

ejected mock-ups

(intermediate defor- *  Small blowholes .
mation) Small sunken areas on cylinders
ca. 10 % e Irregularities at the surface

e  Little deformation

e  Large bubbles and/or many small bubbles
Large blowholes

Rej k-
ejected mock-ups Sunken areas on cylinders

high def: ti
(high deformation) Strongly decentred metal rods
ca. 20 % )
Strong deformation
e  discoloration
Table S2. Production defects that appeared during the preparation of mock-ups.
Technical Term Definition and cause Examplery mock-up

Air trapped in the mold during filling, cannot es-
Cavities cape in time an accumulates between surface and
mold; insufficient ventilation of the mold

Geometry not fully formed; insufficient injection
pressure in the case of injection molding, insufficient
(over)filling in the case of compression molding

Incomplete fill-
ing

Individual or closely spaced cavity-like fissured vac-
uum spaces, create sink marks below the surface; in
Blowholes injection molding due to insufficient holding pres-
sure, in compression molding due to insufficient
pressure

Formed by thermally or chemically induced mate-
Bubbles rial decomposition (here by accumulation of acetone
or press temperature of 120 °C or above)

Deviation from dimensional accuracy; due to the ap-
plication of too much force during demolding, incor-
rect tool geometry or too soft molding

Deformation due
to demolding
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Deviation from dimensional accuracy; due to (local)
shrinkage due to inhomogeneous material thickness,

Shrinkage/ warp- . .
age temperatulﬁe or pressure grad.lents, regression of mo-
lecular orientations or too high press temperature;
shortening of all dimensions during cooling
Inhomogeneities in the volume; due to unmelted
Crown granulate, here hardly distinguishable from blow-

holes

Molecular orientations in the material; here due to
the effect of pressure on hardened preform, tension
is "frozen" in the material during cooling (image:
mock-up between crossed polarized filters)

Material tensions

Compacted area near the surface, thickness usually
Formation of up to 0.1 mm; due to cold mold inner wall or irregu-
fringes lar cooling from outside to inside, here caused by
water bath

Rust particles on the surface or in the volume; due to

Soiling with rust . . . .
non-rust-resistant tool and insufficient cleaning

Figure S2. Deformations of the sheets after 32 days of exposure to 70 °C and 75 % RH. Deformations
were observed at sheets showing: (a) loss of transparency and cracking and (b) loss of transparency,
cracking and bubbling.
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Table S3. Calculated mass loss in % during artificial ageing of the mock-ups shaped as sheets. Tines
and cylinders.

(=) (n=8) (n=8)
Daysofex- oo St.Dev. RSD Ave. St.Dev. RSD  Ave. St.Dev. RSD
posure
1 NM NM NM 20,1% +0,1  626% 02% +0,0 9,6 %
2 NM NM NM 0,7 % +0,1 139%  0,0% +0,0 85,8 %
3 13 % +0,3 197%  -11% +0,1 95% 02% +0,0 24,6 %
4 1,6 % +0,3 17,1 % NM NM NM NM NM NM
5 1,9 % +0,3 15,9 % NM NM NM NM NM NM
6 2,2 % +0,3 143%  -18% +0,1 60%  -08% +0,1 8,6 %
7 24 % +0,3 135%  -19% +0,1 61% 09% +0,1 7,7 %
8 NM NM NM 2,0% +0,1 62% -1,0% +0,1 7,2 %
9 NM NM NM 22% +0,1 58% -11% +0,1 6,8 %
10 2,9 % +0,3 11,7%  -23% +0,1 51% -13% +0,1 6,2 %
11 3,2 % +0,3 11,0 % NM NM NM NM NM NM
12 3,3 % + 0,4 10,7 % NM NM NM NM NM NM
13 3,4 % + 0,4 103%  25% +0,1 41%  -15% +0,1 5,3 %
14 3,5 % + 0,4 100%  -25% +0,1 46%  -16% +0,1 51%
15 NM NM NM 25% +0,1 43%  -17% +0,1 5,0 %
16 NM NM NM 25% +0,1 52% -18% +0,1 4,8 %
17 3,9 % + 0,4 950%  26% +0,2 91% -19% +0,1 49 %
18 42 % + 0,4 8,6 % 2,0 % +0,1 48 %
19 43 % + 0,4 81% 2,0% +0,1 51%
20 45 % +0,3 7,7 % 2,0 % +0,1 5,4 %
21 4,7 % + 0,4 7,6 % 21% +0,1 5,2 %
2 NM NM NM 23% +0,1 4,4 %
23 NM NM NM 23% +0,1 44 %
24 5,1 % + 0,4 6,8 % 24 % +0,1 40 %
25 5,4 % + 0,4 6,7 % O 25% +0,1 3,7%
26 5,6 % 0,4 6,3 % 23 % +0,1 4,4 %
27 5,9 % + 0,4 62 % 23% +0,1 44 %
28 NM NM NM
29 NM NM NM
30 NM NM NM No further ageing
31 NM NM NM
32 9,4 % +15 15,8 %

NM not measured.
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Figure S3. diagram addressing the time-dependent mass loss of mock-ups.
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Figure S4. averaged infrared spectra before and after artificial ageing of (a) sheets (n=20) (b) tines
(n=24) and (c) cylinders (n=24). Arrows indicate a decrease in the probe bands after artificial ageing.
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