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Optiens

m Stainlessi steel (weldeal/ raw)

= [Electropolishead stainless steel

= Coeated stailess steel (EVD)

= Elnctionalized coated stainless; steel




Chemical Vapoer Deposition! Process

= Thermall decempesition| of silanes
= Amorpheus silicen deposition

Eunctionalization of surface I desired
Process

= Clean| (caustic surfactant; ultrasenic)
= \acuuim

= 400°C
= Applied R vessel o5 even chiamer
liotal 3D ceverage, not line-oi-sight

IHigh Velume (Size dependent) i""m"{“ |




Coatingl Cress Section

Si Coatiqgg*

Substrate

Sample 24, Side 2, field width = 285 micrometers '




GD-OES Dbeptih Proefile

Quantitative Depth Profile
Operator: JC
Notes:
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Secondan/ Enhancements

ECAMeIpPReUS sllicon depesition
= Upte 20um in depti
= Viuluple layers toreliminate: pin-hoeles
= Enliances coesion resistance
=CAdditienal erganic unctieonalization
possible
= Decrease ofi pin-heles
= |mpreving surface: Inertness




Patented Eunctionalization

a-3l CVD

316 5SS substrate

316 5SS substrate

? o

a-Si

316 5SS substrate

covalent
functionalization

( R)







Common Coated ConpPonents

Sampling Systems

lransier fubking

\alving

RParticle Eilters

Tube Eittings and Adapiors
Sample Cylinders; Outage: TTukes
Analyzer Components

Continuoeus Emission: Meniterng (CEM)
eguipment




Inertness: Amorphous; Silicon and Surface-
EunctienalizedlAmorphous Silicen

= Sothceatings are hased on Chemical
\/apeyr [DEPGSIIGN! PrECESS. Similal
physical properties

=CAmoerpheuUs silicon

" recommended iiflevel o active conmpeunas IS
10-501 ppm 6r higher

" Eunctionalized

= jdeal for extremely low-level; <1pple and up;
transier andi sterage: off active compounds




Inertness

=CApplication: Reduce: activity off susiraie
(ILe., stainless steel) tor minimize
AGSOIPLeRI G CONMPOUNGS

= Coated system! products deliver etier
iepreoducinility:and accuracy. by reducing
neld-Up off active compounds




Cuirent Applications

= Sulfurs: Application areas
= Natural Gas; LPG
Ethylene; Prepylene
Euel Cells
Petiechemical process Streams
Beverage Grade €Oy (Soda/Beer)
Elaver (Wine/Beer)




Elow-threugh’ data

= 100" 1/6% %020 tlking
= Standard weldless 3161
= Electrepolished 3161
= g-sjlicon coated EP 3161

= 0.Sppmyv: methylmercaptan infiHe
= SCD detection

= Data couresy off Shell Research
llechnelogy Centre, Amsterdam




Effectiveness of coated transfer

SySIEmMS (e reduice neld-up:
Methyl Viercaptian

Adsorption of CH 3SH on different tubings
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IRErt suriace eliminates
MEemony efiect common With

[rARSHer of active compounads

Desorption of CH 3SH on different tubings
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llestingl System for Suliitir Gas Stoerage &
Iiranster

Coaled/Uncoeated sample cylinders and sanmple
Valves

Coated sampling system (transier line, sampling
valve, 1ml sample o)

A8 (minimun) containment off dry sample
55pphyv reference standard
Dimethyl sulfiee intermal stanaard




Complete Sulitir Analysis System

n He carrier \

1mL sample

oo @

GC Oven

. Orifice = 0.0060"

Sample cylinder




17 pphy H5S Containment in S00mi
Cylinaders

Coated/functionalized cylinders

— \

+

| \— Coated and raw cylinders
2k

1 2

Day




Stapility: Study Trest

11pphyV
6 days stanility study
Reference std IS at SSpphv.

Dimethyiisulfide as internal
Stanadard

Coated Sampling Cans (n=18)
Humidified (rh=50%) Coated
Sampling €ans (n=5)
Electropolished Cans (n=2)




HoS at L1 pphv:in GIFAIF Sampling
Cans
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Methyl Mercaptan at LLpphv: in: GIFAIR
Sampling €ans
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Other Applications: lransier: of
20pp sulfur standana spikediin
Peverage gracer oy

SO,

L

— ethyl mercaptan

methy! OMS
S]] 08 mercaptan Ciafie




Quality testing eff keer using
coated system

ethyl mercaptan
DMS

TSC* 82 ppb

Unknown

o T




Effect o moisture

= Coatings decrease adserplien el Water,
Yy drephonic

= eads te guicker remoeval eff meisture threugh
sampling Ines
= Compenents;less susceptinle e conmesion

= [EASter cycle imes and increased accuracy/
With' less meisture held-up i ttking

| Several ceatings anai surfaces availahle




Mioisture Data

=1 ppm meisture, 0.35sipm

=Ameunt of time: te equilivrate: a 1ppm meisture
sample through 100 eet ofi Ay tubIng:

= Commercial Seamiess S161L tuking:
= 180 minutes: (96% eguilivrated)

= Electropolished Seamiess 3161 tukhing:
= 60 minutes (©28%) equilivrated)

= a-silicon| coatedl e-polished seamless 3161 tubing
= 30 minutes (98%) equilibrated)




Moeisture: Data (Cont)

= me to dry, 100" tuking Wetted withl Lppm
eff moisture When connected o a dry purge

= Commercial Seamiess 3161L tubing:
= 75 minutes

= Electropolished Seamiess S161. tukIng:
=65 minUes

= g-sjlicon coated e-polished seamiless 316IL
tubing
= 35 minutes




Additionall Benefits of a-silicon
jayer

= Coesion Resistant. a-silicon layer
IMProVES Corresion resistance In

= Acidic environments

= \arine environments

=EPARt-Ceking. Coating bamrier eliminates
catalyiic effect off substract.

= Ultra-High=Vacuum (UEV). Reduces
eULgassIing o Vacuum CoOmpPonents.




Corrosion Resistance

= Stainless steel surfaces susceptible to
attack firem hydrechlenec acid, sulitrc acid
and nitre acid

=S |t possible to Enhance Coiosion
iesistance: 0y depesition 6l an amoerphous
sllicon!layer?

= Silicen s Inseluble R hydrechlone acid,
sulftric acid and nitrec acid




Benefits

=10 extend lifetimes; o equipment exposead
10 COImESIVE environNMERTS and/er PrecCEss
streams

= Protection o high valtie equipment in
COrrosive environments




Kinoewn AppliICatIoNS

== RAanCing Corresion resistance in Viamnne
EAVIrGRMENTS

= Precess streams containing HC!

" Pretection off Continuous EmIssions
Moniternng Equipment (INitric andl Sulfuric
acid)

5 Jse in Autempotive Exhaust test
equipment (Nitric and Sulfurnc acid)




Anti-Coking

=R applicatiens ol heated nydrocamnon
lrAansier;, canen depesits can fonm

= Calon deposiis are: catalyzed By nickel,
suliitir and caren inl steelflattice

= e fiunctionalized a-silicen coating
produces a hamier that eliminates; catalyiic
calon bulldup




Anti-Coking Data

Carbon Deposits from JP-8 Fuel on
Various Types of Tubing
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= Semil Eser; PSU Prof. EUell SCIENCES
= SX Improevement over raw: 161




Ultra-HighrVactuum: applications

a-silicon; layer releases moisture from surface
more readily iR vacuum

Layer acts asi a houndny. to reduce outgassing of
ydrecarbens and meisture freom coated
COmMponents Used In vacuum: systems

Reduced outgassing rate by 14x @10 hrs of
pUMPIRg

Consistently eUtperfierms cleaned palts
Eliminates; hakeout

Easter pump down

Lower hase pressurne with smaller pumps







Conclusions/Euture

= Continual precess Improvement and new
product development
= [Handness
= |mpreved cerresion resistance
= Custemized surfaces

= PDevelop Comesion data companng coating on
diffierent sulstrates
= Ephancement of Canlon Steel
= Protection et nigh nickel alloys
= \/alue of coating Infmarne environments
= Application i coating te; Valves) & fasteners
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