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Appendix A: Risk Assessment from NTNU
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HMS Rektor 12/12006
Enhet: for mater logi Dato: 10.02.2020
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Deltakere ved kartleggingen (m/ funksjon):

(Ansv. velleder, student, evt. medveiledere, evt. andre m. kompetanse)

Kort beskrivelse av hovedaktivitet/hovedprosess:

Kjersti Kleveland, Anne Marie M. Moe, Bjorn almi,

Rongling Yuan

Bacheloroppgave student Rongling Yuan. Avanserte keramer for fremtiden.
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Signaturer: Ansvarlig veileder: Kjersti Kleveland Student: Rongling Yuan
D nr. Aktivitet/prosess Ansvarlig _,E,k slstorom?n E,'f s!shr;;:: Lov, forskrift o.l. Kommentar
o : Rongling Stovmask, Engangshansker, lab frakk,
1 Konduktivitets maling engangshansker og nia stovmask, vernebriller og innesko
Yuan vemnebriller er pakrevd
. Ronglin Stovmask, Engangshansker, lab frakk,
2 pH-maling 9ling engangshansker og n/a stevmask, vernebriller og innesko
Yuan vernebriller er pakrevd
) ) _ Ronglin Stovmask, Engangshansker, stavmask,
3 Viskositetsmaling Yi 9iing engangshansker og nia vernebriller, innesko og lab frakk er
uarn vernebriller pakrevd
Engangshansker, stovmask,
4 Forberede gipsformer Rongling Engangshansker.og n/a vernebriller, innesko og
Yuan vernebriller
er pakrevd
" . Rongling
5 Slip Casting Yuan Hansker, vernebriller n/a Hansker og vernebriller er pakrevd
C:\Users\convert\AppData\Local \Temp'1'task-463817219'9728a0048092b6f5daec3aé2b2ebec00 2/21/2020 Side2av 6
NTNU Utarbeidet av [Nummer  [Dato
. . HMs-avd.  [HMSRV2603 fararzont
B Risikovurdering
Godijentav [Side Erstatter
HMS /KS Rektor 21912010
Enhet: Institutt for materialteknologi  Dato: 10.02.2020
Linjeleder: Tor Grande

Deltakere ved risikovurderingen (m/ funksjon):

(Ansv. veileder, student, evt. medvelledere, evt andre m. kompetanse)
Risikovurderingen gjelder hovedaktivitet:
Ansvarlig veileder:

Signaturer:

Kjersti Kleveland, Anne Marie M. Moe, Rongling Yuan

Bacheloroppgave student Rongling Yuan. Avanserte keramer for fremtiden.

Kjersti Kleveland

Student:

Rongling Yuan

ID nr.

Aktivitet/prosess fra
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)
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(AE) | (AE)

RisTko-
verdi
(menn-
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Kemmentarer/
status
Forslag til tiltak

Konduktivitets maling

Puste de lose SIC
pulver

A A

ke og
mé brukes for & fonhindre
at pulver kommer inn i
nesen og oyene.

A1

pH-maling

Puste de lase SIC
pulver

Ko o =
maé brikes furgé forhindre
at pulver kommer inn i
nesen og oyene.

A1

Hudirritasjon pga bera-
ring av bufferlgsning

[Bruk vernebrille med
sidevern, egnede
varnehansker. Legg inn
rekreasjonsfaser fil
regenerasjon av huden.
Bruk av forebyggende
hudbeskyttelse
(hudkrem/salver)

A1

anbefales.
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Viskositetsmaling

Puste de lose SiC pulver
og hudirritasjon pga
beraring av
dispergeringsmidler

Forberede gipsformer

Puste inn de lose gips
pulver og hudirritasjon av
pulveren

Slip Casting

Puste inn de lose gips
pulver og hudirritasjon av
pulveren

#REF!

HREF!

Hvis man bruker
varmelamper eller
varmeovn, det er risiko for
forbrenning
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Bruk vemebrille med
sidevern. Bruk egnede
vernehansker.
Kjemikaliehansker testet i
henhold il EU 374 er
egnet, ogsa pustemaske

Bruk alltid vernebriller og
en stovmaske.

Hvis mann bruker
varmelamper/varmeovn til
4 tarke molds/deler, vil
lampene veere varme, s&
mé mann veere forsiktig
nér mann rundt
varmelamper/varmeovn.




Appendix B: Popular science article

How does viscosity affect the stability of silicon

carbide slip?

Introduction of silicon carbide

Silicon carbide ceramics have high mechanical
strength, high temperature resistance, wear
resistance, corrosion resistance, small thermal
expansion coefficient, high thermal conductivity,
ete, and are often used in the manufacture of
combustion chambers, high temperature exhaust
devices, temperature resistant patches, aircraft
engine components, chemical reaction vessel tubes

Figure 1 Siffcon carbide 1]

and other mechanical components under severe
conditions. Silicon carbide is a widely used
advanced engineering material and the products
have a broad market and application areas to be
developed in the fields of energy, metallurgy,
machinery, building materials and chemicals.
Silicon carbide ceramics are becoming more and
more extensive. For satisfying the needs of
industrial production, slip casting is used to
produce silicon carbide products required by the
market. This casting technique requires the
preparation of silicon carbide slip with high solids
content with low viscosity to achieve good slip
stability [1].

Written by Rongling Yuan.

Slip casting process

Casting Methods is more practical. It has many
advantages such are simple equipment, uniferm
distribution of green body, fewer defects and more
suitable to produce complex parts. Slip casting as
shown in Figure 2 is the common method used to
shape silicon carbide ceramic products. The
suitable amount additives (such as wetting agents,
dispersing agent or deflocculant) to dissolve the
raw silicon carbide powder in the solution with a
stable condition and prepared a slip. The slip is
poured into the plaster mold which has the
character of absorbing moisture from slip. After the
water is absorbed by plaster mold, a uniform slip
layer with a certain thickness is formed. During the
dehydration and draining process without heat, a
green body with a certain hardness is formed at this
time and drained the slip out. The green body goes
through the partial drying and separated from
plaster mold. The heat is applied after the green
body is shaped and goes through a sintering
process, To improve the silicon carbide slip with
good stability, it is necessary to have research on
the viscosity of silicon carbide slip [2].

Figure 2: Slip casting process [2].



Viscosity research on silicon carbide slip

To research the viscosity of silicon carbide ceramic
slip, the properties of silicon carbide slip need to
know. Rheclogical properties changing the flow
and defarmation behavior of slip, dispersion
mechanism of dispersant preventing particles
approaching, and the effects of the slip properties
on the green body which adjust the pH value in the
slip can adjust the electric charge on the particles
surface, so the electric charge increases, the electric
double layer repulsion increases, and a stable slip
state is achieved. Basic theory of contrelling
stabilized ceramic slip is obtained. Then, some
experiments must be done to analyze the factors
which affect the viscosity of silican carbide slip,
such as amount of dispersant and solid content,
The four different ratios of solid content, water and
dispersant were prepared and measured with
spindle nr. 63 of Brookfield viscometer,

Slip A contains B0 wt% solid content with 0.03 g
AMP-dispersant, slip B contains 80 wt% solid
content with 0,12 g AMP-dispersant, slip C contains
B7 wt solid content with 0.03 g AMP-dispersant,
and slip A contains 87 wt% solid content with 0.12
g AMP-dispersant, After viscosity measurement,
the results as shown in Figure 3,

AiH
— ) 0 KIC, 000 g AT

Al wie SIC 002 g AMIP

— Wi S 08 g AMP

 RHC 12 g AP

viscosity (cF)

[} i H 1] & A1 L] M

time (i)

Figure 3: The viscosity as a function of time.

During the viscosity measurement, observed that
the slip was precipitated over time. The longer the
time, the more obvious the precipitation
phenomenon, and the thicker the precipitation
layer at the bottom of the slip. Slip A and B
measurements were first completed, slip C and D

were measured one week after. Observed that the

slip A and B were precipitated, after the hard hand
stirring, the original slip state was restored. But the
sediment layer of slip C and D, were solidified into
a bard block with ca. 1 em thick at the bottom of
the bottle, The precipitation phenomenon in the
slip could lead to the upper layer of slip got
thinner aver time, and if the depth of spindle also
in the upper layer, so a decreased viscosity as a
result, Similarly, the bottom layer of the slip
became more and more viscous by particle
settling, and the spindle depth is in the slip's lower
layer, which also caused the viscosity increased or
over the test range. The Figure 3 shows that the
stability of the slip A and B has further improved
with the BD wt% solid content, there is not much
change in the viscosity value over the entire range
of dispersant from 0.03-0.12 g because of the
floceulated layer formed during the time. the slip
A and B with same 80 wt% solid content, the
stability of the slip with 0.03 g of dispersant was
the best. But in the same B7wt% solid content, slip
€ and D, with0.12g of dispersant had the best
stability.
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