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Introduction Fi 5

The use of the pyrophoric gas silane as a source of silicon has grown with its consumption by semiconductor manufac-
turers, producers of solar cells, and allied technologies. Systems once imagined to be rare are now commonplace and
are in use worldwide. The hazards of this material are noteworthy due to the ability of the material to self-ignite with
visible flame upon release, or in other cases to be released with either no ignition or delayed ignition. The material has
been the subject of technical study by users and suppliers [1]." Studies conducted by the Compressed Gas Association
(CGA) of the release of both large and small-scale quantities of silane have produced new technical data [2]. The data
have been used to establish minimum separation distances for delivery system installations as well as for the storage of
this material. Distance limitations are used to minimize risk to property and personnel in the event of an inadvertent re-
lease. The distances determined recognize the probability for immediate ignition as well as the probability of latent igni-
tion with its potential explosive effects. Although the uncontrolled release of compressed gas is a cause for concern, it
is the application of engineering and administrative controls to prevent the release of material that allows the users to
handle this material at a reduced level of risk. Suppliers and users have contributed to the development of the controls
presented in this standard as a means to provide reasonable safeguards for handling this unique material that is char-
acterized by its chemical and physical nature.

CGA G-13 supersedes and replaces CGA P-32. The revision has taken into account the comments received from the
American National Standards Institute (ANSI) canvass of CGA P-32. Comments received from users, producers, and
regulatory officials were evaluated by CGA’s technical committee and modifications were made to address technical
issues and concerns raised in the evaluation process. There were a number of changes made to this edition to elimi-
nate permissive language so the document can be used as a regulatory tool. Provisions that were in need of clarifica-
tion have been edited to clarify the intent of the technical committee. There were several questions common to a num-
ber of those that reviewed the first edition during the ANSI review phase. A question was raised as to whether or not the
standard applied to manufacturers as well as users. The scope section has been clarified to show that the standard
applies universally to silane and silane systems regardless of the location in which they are found. A second concern
was whether the standard applies to cylinder systems in lieu of “large scale” uses. It is intended that the standard ap-
plies to silane storage and use regardless of the size of the container with the exception of small containers of 0.5 stan-
dard cubic feet (scf) or less that are commonly found in laboratory operations.

A5 1L IR SRS 5 Y (1) A 058 DR - Sl 3 | K i el vt 1) 2 e S B BT IR RE T S ) e, LR &R —
JEE R TR D SRR, B RO A 5 i i LA T SRR o DR 25 e DR TSRy 1 A 1T B ) K J B 2
TN HORE AN A& A Bl A A0 2 B 28 30 A v A A T S I R, ) AR 7 22 (R A ) 3 B L IR T o it
ST RE[]Y 48 B4 € (Compressed Gas Association, CGA) Fr Bl k. /NS F b e
(AR BRI LS AS 7 2 T IR B AR IR [2] . sl RTS8 0 ) DA 37 b A0 R 6 2R 400 2 285 B ARt A7 T e /N 2 i B2 e
SPE i P4 R 1L AR A 73 oo Y A rhoR B 2 (10 15 2 BRON B P55 56 I BB ARC FR JBR o Bl 2 VR T A BB L A7 BV AR
T S B AT R E O I AR 2, B SRR A S 1 P s i AL PR B 22, (L IL o] T A TR B B b 35 )
DATGE G b BRI, 408 i A A FH 3 7 B S — ) R 5 B AR B — e (R S o IR SR B ) 3 1 e e ) L 1)
YRRV B B A SR R S 2 2 AR, O ERRIL A A o R s DA e v

CGA G-13 % B CGA P-32, IEhiA UL 48R S [ [ 5 A% % =) (American National Standards Institute, ANSI)
HCGA P-32 A H B WA . AR AR, BUE R 2054 B R W OB AR e HEmZ A
Rt CERPAN R R I A HEAT 8 e LR I BB AT R A B H R AN NSO AR T 2 AR
B RUA I IR R, AT RES R A B TR . FR R AR B R C A AR e A Y, DARERR RN 25 B e 11
Rl o A5 56 B R AR A A o A SN, AT R 2 R RE S 1, v — 18] P e AN AV i 1 P A SR s B 2, A
i ] B A A RO AR YE B U2 1) JE P AR B By FRGE SR fge, AN am Al M I e AR o S — {0852 Bl 2 1 A AN A Y
AT RS IR A T TA SRR &0, AR (Y o ] A A2 AN S HL i 22 SE IR JE HTIA Y e il A7 S AT, AHAS KR 0,657 77 IR
B R AT B AT /N A RN A 2R R R ST HEBR 7R b

2 Scope and purpose & H [

2.1 Scope Hi[#

This standard governs the installation of systems and sources that are used to store, transfer, or contain silane or silane
mixtures. The scope of this standard includes guidance for siting, design of equipment, piping and controls, and the

' References are shown by bracketed numbers and are listed in order of appearance in the reference section.
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fabrication and installation of silane gas storage and closed-use systems. Additional guidance on operational steps as-
sociated with the use of silane and silane mixtures as well as fire protection, gas monitoring, ventilation, and related
safeguards are provided.

SR I (OIS SR KR VAL AL B - ORI 0 i
| Fg;,;ﬁ_ , I\;BT”/F'”}E*@E’[%EE‘ ﬁ@f IEI Y e ﬁ UBQ}J F—::(L%i:;f"‘}g’l_ o JE[ l%ﬁﬁ% /p ;}j{%ﬂ E[;;JWE,LF |‘>‘<”|'FUF' Eg I'LE’H7
RR R - SRR @ﬁq‘bﬁlﬁjﬂﬁ U E tﬁJmmif"df J

[ o

211 Application

The requirements of the standard apply to pure silane and silane mixtures with a silane content greater than 1.37% [3].
A concentration of 1.37% has been chosen as it represents the lower flammable limit (LFL) for the material in air under
conditions of normal temperature and pressure. Silane containers include tube trailers, ISO modules, cylinder packs
with manifolded cylinders, and individual cylinders.

|
AT R i I VG0 DGR BEA L R Jy L37 T VORI 53] < SRR 1379 S £
PR HE T B 5 S0 1LY e D) -
TRV o TG o ISOMIRE » 5! | S0 f TORfIOSMIEEEE T 2 TWRJFoshes <

21.2 Limitations

This standard is not intended to provide requirements beyond the first point of control within a user’s facility where con-
nections are made to piping systems associated with internal transmission and/or use of this material.

The following subjects are outside the scope of the standard:
— Equipment downstream of a gas cabinet with the exception of valve manifold boxes (VMBs) when VMBs are used;
—  Off-site transportation of compressed gases regulated by the national government; and

— Requirements within the jurisdiction of national regulatory authorities with laws or regulations that preempt the pro-
visions of this standard. When such is the case, it is recommended that the authority having jurisdiction be guided
by this standard in determining requirements.

A full risk management program is comprised of a hazard assessment, a management system, a prevention program,
and an emergency response program. Such programs and assessments must be developed on a case-by-case basis
in response to the requirements of the relevant risk management programme at the respective country and the circum-
stances found at each individual company where silane is stored or used.

B 61
ASHEE S AN P A Y I3 0 B T N S e AR A0 B, A P 02— R s R 25K
AR A AR () FE R

ORI R (R O 2 22 SORR 5%, T 2 % SORRAE A SO BRI

- SUNME (Gas Cabinet) A 45l FH ARSI S L IE /3 AR (VMBSs) IR T il

- & BE i  (US Department of Transportation, DOT) By #i i () R4 S8 i s ME s e s M

- AAKEAER R E MR B . L A BIE L VAR B RE 2 AR BOR A 2 5, @R A R E R

PACASEHE 2 i 5 | AR E S fR 2 225K

A A ) AN [ EOA B 2 TR A 4R HE R (CleanAir Act, CAA) £5112(r) 8 B 7 77 %€ (Risk Management
Program, RMP)
(SR ESRIEH o e s BB BT RS e dH . EERG. Ui & B ST #H. b5t B0
STEFRE— AR HUGE R A7 AT A 5, 0 P RU P A B 75 5 P S SR B4 24 ) P S B ) 1 DU AT o
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2.2 Purpose H

The purpose of this standard is to prescribe the controls for the installation of silane systems and the recommended
methods for storage or transfer of silane or its mixtures from a source of supply to a point of use to provide protection
against injury, loss of life, and property damage.

¢ﬁ#mﬁw¢#ﬁ wp%~ﬁw¥mwﬁw@w%wﬂwf%'i I B e B O3 3 1
(A St - YU e R -

2.3 Equivalency %7

Nothing in this standard is intended to prevent the use of systems, methods, or devices of equivalent or superior quality,
strength, fire resistance, effectiveness, durability, and safety over those prescribed by this standard. Systems, methods,
or devices to be used as equivalents shall be supported by technical documentation that demonstrates equivalency.
The use of equivalencies shall be subject to approval by the authority having jurisdiction.

) R »ﬁﬁﬂﬁwwﬁwgmm%ﬁwﬁﬁswiﬁ %y PN bt o
o P T R wié SR AR R R S - S TR P
O A6 <

3 Definitions &

For the purpose of this standard, the following definitions apply.
K 7]H4_ﬁ“ F‘%Fljj]‘/\¢ ;f;ﬂ(fé
31 Barricade construction

Room, building, or enclosed structure of such type, size, and construction as to limit in a prescribed manner the effect
of an explosion on nearby buildings or within the building in which an explosion occurs.

WJ%@ =% (Barricade construction)
EYREZa *J”rﬁlpﬂﬁ (B fl] ~ T~ Rl - ‘Fdl,é%(i*‘Eg?i 4 H| mﬂﬁgw&m@#@ £y FEfU il
ik
3.2 Barrier, shield

Partition constructed of materials in such a manner so as to isolate the hazard from contact with personnel (see Appen-
dix A for information on personnel protection).

NOTE—Barriers are designed with structural strength and arranged in such a way to resist physical forces.
Mg }*FVW (Barrier, shield)
PITTBAI * PR RS SPVIRILER SEROR] GLIERA - FIRGEYEY
e — W IR R 3% 0 ML R /B 3L
3.3 Burning velocity

Intrinsic property of burning gases or vapors expressed as the motion of the flame relative to the motion of the un-
burned gas.

INZERAF (Burning velocity)
SRS ISR BRI > T PR R NS P R P A

3.4 Container

3.4.1 Cylinder

Pressure vessel designed for pressures higher than 40 psia (276 kPa) and having a circular cross section with an inter-
nal water volume not exceeding 16 ft* (450 L) or a water capacity of 1000 Ib (454 kg).? It does not include a portable
tank, multiunit tank car tank, cargo tank, highway tank, or tank car.

2 kPa shall indicate gauge pressure unless otherwise noted as (kPa, abs) for absolute pressure or (kPa, differential) for differential
pressure. All kPa values are rounded off per CGA P-11, Metric Practice Guide for the Compressed Gas Industry [4].
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fatd
S (Cylinder)

By F*a*" R [EAE r%ﬁfaﬁ J40 psia (276 kPa) » I Al 1 16 2 HP @50 A1)
OB 1000@%(454 2
”E'T SRR~ SH VIR - R ERE R 2 LS R R -

== ﬁ H F1EES (kPa, abs) £ J'TEItT'F‘*J’FI\/(kPa EEYEG 7 [fJ'FP*J’ > kPaff iU R LERES]s FH‘JJ kPa Q)ﬂgﬁ‘ﬁ P&EF { CGA P-11
sz /@‘E’ i f//ﬁﬁﬁ # 7;}‘]}7@ (Metric Practice Guide for the Compressed Gas Industiial) |:5H$9' 4 Eiﬂrﬁﬁ 37

3.4.2 Cylinder pack
Arrangement of cylinders into a cluster where the cylinders are confined into a grouping or arrangement with a strap-
ping or frame system and connections are made to a common manifold. The frame system is allowed to be on skids or
wheels to permit movement.

NOTE—Six-packs and twelve-packs are terms used to further define cylinder packs with a specific number of cylinders involved. The
characteristic internal water volume of individual cylinders in a cylinder pack ranges from 1.52 ft® to 1.76 ft°
(43 L to 50 L) or a water capacity of 95 Ib to 110 Ib (43 kg to 50 kg).

i B Tl (Cylinder pack)
fﬁ% S IE S AR REAA T o B SRR ] RIS o 1 S [ O PR A R S

— L3 (Six-packs) ¥4 = $ A (twelve-packs) fLH I 3E~ HEA ﬂFF ERRI OSBRSS o
%g‘ﬁﬁm I RGPS T A i 52 *JP’\?UH@ 43 2 A S50 A) 985 9SFEEILLORS (43 7 2] 50

343 ISO module

Assembly of tubular cylinders permanently mounted in a frame conforming to International Organization for Standardi-
zation (ISO) requirements. The characteristic internal water volume of individual tubular cylinders is 43 ft* (1218 L) or a
water capacity of 2686 Ib (1218 kg). The frame of an ISO module and its corner castings are specially designed and
dimensioned for use in multimodal transportation service on container ships, special highway chassis, and container-
on-flatcar railroad equipment.

ISOBE (ISO module)

I*Eﬁ@«‘ﬁﬂ‘ﬂ”& A (Internat10nal Orgamzat1on for Standardization, ISO) 2 tﬂ | - EReRIpY W;J\/ RS

b A e BT R P I AR A3 PN (1,182 ) OAES 1688135@(1 218707)

ISORUE oy £ l}ﬁﬂ@ﬁﬁj[tﬂfr& St [ Rt 2 ﬁré%{rpﬂﬁ%ﬁﬁ FRIRL B o ad Faty - St
2 W?“BT’?F IF%ITF

344 Mobile supply unit
Any silane supply source equipped with wheels so it is able to be moved. Examples include 1ISO modules, tube trailers,
and cylinder packs.

FEESZC R 7 (Mobile supply unit)
FE 10 4l PR VSRR & SISO ~ Frhag o it e -
3.4.5 Tube trailer
Truck or semi trailer on which a number of tubular cylinders have been mounted and manifolded into a common piping

system. The characteristic internal water volume of individual tubular cylinders ranges from 43 ft* to 93 ft* (1218 L to
2633 L) or a water capacity of 2686 Ib to 5803 Ib (1218 kg to 2632 kg).

TN 51 (Tube trailer)

LY PRI RS R T S SRR RS o SR T A 43
35 HPN(1,218 T E) 2,633 ) fl@ﬁé?ﬁ El2, 6867‘%, 15, 803’,1’% (1,218 * 7 ]2,6322 47 ) o
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3.5 Deflagration
Exothermic reaction, such as extremely rapid oxidation of a flammable dust or vapor in air, in which the reaction pro-
gresses through the unburned material at a rate less than the velocity of sound. A deflagration will have an explosive
effect.

ar*?‘k (Deflagration)

PR T i SRS gty B30 2 53 R SR [ (9] » 31 1o Gy B s e (50 s
TR o
Eahl

3.6 Detonation
Exothermic reaction characterized by the pressure of a shock wave in material that establishes and maintains the reac-
tion. The reaction zone progresses through the material at a rate greater than the velocity of sound. The principal heat-
ing mechanism is one of shock compression. A detonation will have an explosive effect.

#5% (Detonation)

TR, ) (K R M ) i S SO R AT S M e ) A P2 I M (1 3 o o e A 5 e, 3 S T S MBS 2
BREH,  H FE RO

3.7 Exhausted enclosure
Appliance or piece of equipment that consists of a top, a back, and not more than two sides providing a means of local
exhaust for capturing gases and vapors.

MR 25 M (Exhausted enclosure)

S BGR NB  FATHRS, Tl S AN 30 0 ) S 8 R SR SR 2

3.8 Explosion control
Means to either prevent or mitigate the effects of an explosion. Deflagration venting, containment barricades, analogous
construction, or other means including fuel reduction and oxidant reduction are used to protect buildings against the
effects of an explosion.

PYEFE ] (Explosion control)
s?ﬁﬂl%jﬁ;ﬁf%k’ﬁﬁ’lizo WHRIRHERG, ESE RS, B, s AR R 26 sk, A R IRRE, PRI
FALYED R M R AR R ) G A T 52 R K R 2

3.9 Face seal fitting
Threaded joints in which the tightness of the joint is provided by a sealing surface other than the threads such as a un-
ion comprised of male and female ends joined with a threaded union nut or other construction.

NOTE—The sealing surface is typically a metal gasket when used in high purity applications.

[ & #2805 (Face seal fitting)

ABREF {87 P $18 3t — BP0 A e S8 00 T 12 45 T AR 0 — L SR DU o 1y, L0 BTG sl b A ple B o —
HARGT .

- RS m A, R <02 o A7 A A A i

\T

L\\
ﬂ

3.10  Fire barrier
Fire-resistance rated vertical or horizontal assembly of materials designed to restrict the spread of fire in which open-
ings are protected.

B -k il (Fire barrier)
B7 KA B A TE B KA A, e A B B O 8 KA 95

3.11 Fire partition
Vertical assembly of materials designed to restrict the spread of fire in which openings are protected.
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B X b [H] (Fire partition)
HE LA I T KPRE, iRt Bl B 38 2 K S

3.12 Flame speed
Extrinsic property of burning gases or vapors that describes the motion of the flame relative to a stationary reference.

KAFIEE (Flame speed)
PRI SRS B SR I BRI, LKA B B 0 LU R R
3.13 Flammable limits

Minimum and maximum concentrations of flammable gas in a homogeneous mixture with air (or other oxidizing gas or
gas mixture) that will propagate a flame when ignited.

WEEFLIR (Flammable limits)
Zy PRI SR B B R AR (BRI A A M SR RS B R BV 5 5R) A AR S, B AR R BRI B A S e R P o

3.14  Gas cabinet
Fully enclosed, noncombustible enclosure used to provide an isolated environment for compressed gas cylinders in
storage or use. Doors and access ports for exchanging cylinders and accessing pressure-regulating controls are al-
lowed to be included.

S (Gas cabinet)

SEAE R, AFTIRE, T CLBR LR A S S SR foff A7 B P PO R R I5E, T LT Rl o P 160 Y B A R i
AN o

3.15 Gas filling room
Separately ventilated, fully enclosed room used for cylinder filling operations in which only compressed gases and as-
sociated equipment and supplies are stored or used.

S 781 % (Gas filling room)
Psr AR, CASRR 78 AR AR S8 A% PR 5 [, G rP (3G (A 08 P PR R A S SO, AR R PR i SR E N B

3.16 House gas
Source of gas either originating at a bulk source or generated on site where the gas is used to supply multiple systems
for uses across the site.

A4S (House gas)
A& R SRt i ) PR A AR, T DA S R 2 AR I R 4

3.17 Incompatible materials
Materials that when mixed have the potential to react in a manner that generates heat, fumes, gases, or byproducts that
are hazardous to life or property.

AHZEYE (Incompatible materials)
AR R B BT B ARV L SO AR 8, S, SR BRI e i, RS H A n] e o A R I 7 22 4

3.18 Instrument nomenclature
See Figure 1.

% ERHT7E (Instrument nomenclature)

SLE .
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3.19 Laminar burning velocity
Velocity at which a flame reaction front moves into the unburned medium as it chemically reacts to transform a fuel and
oxidant mixture into combustion products. Burning velocity is only a fraction of the flame speed. The fundamental burn-
ing velocity is the burning velocity for laminar flame under stated conditions of composition, temperature, and pressure
of the unburned gas. The combustion wave in a laminar stream of uniform velocity is said to occur under laminar condi-
tions when every portion of the wave in the plane of combustion remains uniform.

LRPEMRBECR (Laminar burning velocity)
KIATT S AS NARBRIVLES T, BSIOR B AU T VR 15 W A S S SR A 25 WA il R o OR300 (42 K Sl P88 1) — (11
e, FETIRBEE A L ARV JOGTERR E AL T SRR S 2 ) BRI T o AR PR R T il H AT AH ) f e,
IRRIAEARPEMRAE R, SRRV 1A — /N BOAR BAT AH [ 4
3.20 Location

i & (Location)

3.201 Outdoor
Location that is either:

— outside the confines of a building; or

— one that is sheltered from the elements by overhead cover and is protected from weather exposure by not more
than one exterior wall that obstructs not more than one side with the other sides unobstructed and open to the at-
mosphere.

%4k (Outdoor)
PEERTE T IME—RUR
- JR PR R Ay B
- SEAT BT A, NG AT AN (R E G Ak % i P LIRSS, FCA ) 28 R FELRGE 16 B T RS

3.20.2 Indoor
Locations that do not meet the definition of outdoor shall be defined as being indoor locations.

%= N (Indoor)
RLBEAFT & B HME BH IS E N

3.21 Nitrogen, facility or house
Supply of nitrogen that is used for utilities and general purposes. It is usually industrial grade (99.998% pure) and sup-
plied from an on-site air separation plant, liquid nitrogen tank, or other sources. It is piped to use points throughout the
facility.

%4 (Nitrogen, facility or house)

FHTA 2 B — R & i U5, — O T 365541 (99.998%40 1) . I LI B 5 A il i, VR SR A
FCAb SR, JLAS A i AR Ak EALHIE
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o RS ¥ ¥ 3 @Iﬂ

1D S

burst disi £+

process heatef P4

auto valve with constant purge yyijm: FIEI
auto valveéf

control valve self-contained (regulatoﬁ)liﬂﬁjfzt’ﬁjurﬁél (F%E‘%EJ)
manual valve = AhiEl

excess flow valve (or excess flow switc]@ﬁﬁg{ ) (F St ! F'ﬁEJFﬁ%)

check valv 1l

auto valve 3-port (dark leg on/ojf)(F[J FIERE (= Eﬁ'Jr'FEJ/%g)
fil bR

pressure gauge or transduger] s §E ({52 4

pressure safety vafvel ¥ = &

restricted flow orifiggi 3

pigtaf#¥ i

manual cylinder valve PP

cylinder valve with automatic shutoff | E’IE*J%% Ffl= g sl

vacuum ventud! ¥ ?“‘ET’

Figure 1—Instrument nomenclature

] 1 - BSRATH
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3.22 Operations

#1E

3.221 Operations, attended
Operations where an operator is physically present and responsible for the control of the operation or transfer process
throughout the period of time where the operation occurs.

$fE, i (Operations, attended)
BRI AERE, BREN BB, A e A TR AR el e S R

3.22.2 Operations, transfer
Operations where silane is transferred from one container to another for the purpose of filling, processing, evacuating,
or otherwise preparing containers that are used to contain silane that will be delivered to an end user.

¥{E, 35 (Operations, transfer)
AR R AS 7 . R, HES B A AR L, RSB ) — AR AR IR AR, LS I I B At A

o

3.22.3 Operations, unattended
Operations where silane is connected for use, other than those conducted by the silane supplier or manufacturer,
where the use is not constantly attended by operators involved in the process of transfer or use.

#4F, W # (Operations, unattended)
BTHAT Y be, AR e ik IR v a3 v RO RRAE AR 36, LBV HRAE N B — B 55 3 DU 78 sl A 1

3.23 Panel
BT (Panel)
3.23.1 Panel, control

A panel-mounted arrangement of electrical components including power supplies, programmable logic controllers, and
other instrumentation necessary to determine process parameters associated with the delivery of silane to the piping
system.

i, #3540 (Panel, control)
Pl DE IR AR o e I*Y%JL%J*EF@*FUI}&%”QF&%FA P VSRR TR K

3.23.2 Panel, process
A panel-mounted arrangement of manually or automatically operated pressure-regulating or control equipment, control
valves, check valves, pneumatic controls, and interconnecting piping that is used to control the delivery of silane gas.

B, BUFE (Panel, process)

[l R > E | EIEYE E (EE J%%{Flf[&ﬂﬁ:u%ﬁ ﬂﬁrur ~ 3 I é;g]gwﬂ:ﬁjﬂwEIJ_[‘}H:ﬁ]”ﬁﬁlI{;gé;uﬁg
g?l_u[ ?Z“f:r}%gﬁﬁ o

3.23.3 Panel, purge

A panel-mounted arrangement of manually or automatically operated pressure-regulating or control equipment and in-
terconnecting piping designed to deliver a purge gas to the process gas panel for purging atmospheric gases and/or
silane from the process gas panel.

T, ik (Panel, purge)
[ 2 kT, BAT a1 BV (0 B ) SR R A T B R A S N AT R R Bt DU v SR RS B SRR R T . vk
SRR S T 1) K S % /B8 TR

3.24  Part per million (ppm)
A term used to express the concentration of a gas in parts per million as opposed to expressing the concentration in
terms of volume or mol percent. One molar ppm or one ppm by volume is equal to 0.0001%.
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T 14y Lt (Part per million, ppm)

= PR 5T IR R i W R T R TR T
FF Iy = 2000.0001% -

3.25 Physical hazard
A chemical for which there is evidence that it is a combustible liquid, compressed gas, flammable or oxidizing cryogenic
fluid, explosive, flammable gas, flammable liquid, flammable solid, organic peroxide, oxidizer, pyrophoric, unstable-
reactive, or water-reactive material.

WP a5 (Physical hazard)

WA T S W LR AR . RS . S A MR B . BRI SRS . DHIRIAHE . SR i
AR B, BIRTE. ATEE REVE AR HE

3.26 Pigtail
A relatively short and semi flexible section of connecting piping or tubing that is used to connect a compressed gas
source to the control system. A pigtail contains a fitting to mate with the outlet of the control valve at the source at one
end with the opposite end being connected into a manifold or control panel. The purpose of the pigtail is to accommo-
date slight variations in height or position presented by the use of moveable containers.

e (Pigtail)

TR B A ST 8 ot P B, P AT IR A SO S B P B R o TR B0 1R, — e 15 SR Ut 7
B 0, 5y R A P i o A 10 H (A T (B R n R B A s, I ven LB AT L4 AN

3.27 Piloted ignition
The ignition by application of a pilot flame. By comparison, ignition without a pilot energy source is referred to as
autoignition, self-ignition, or spontaneous ignition.

5 E B (Piloted ignition)
KT JIEER: AR, AT SRR R BRI T X — R A A BB, 2 A ERE K A SEE K

3.28 Pressure relief device
A pressure- and/or temperature-activated device used to prevent the pressure from rising above a predetermined
maximum, and thereby preventing rupture of a normally charged cylinder when subjected to a standard fire test as re-
quired by 49 CFR 173.301(f). The term “pressure relief device” is synonymous with “safety relief device”.

R I RERE ' (Pressure relief device)

FH ULk G0 0E 57 b T 28 5 R TR AR R Ty R /sl S il s 1) 25, a1 ol Ao — M SRk 49 CFR 17 3.301 () 7E K 353l
FEAEARE . TR RO B — e B A SR [ S (DOT) 52 107 22 A R s ke B IR 75[5]

3.29 Purging
The replacement of the atmosphere in a piping system or enclosure used to house mechanical or electrical connections
by the introduction of a controlled atmosphere consisting of an unreactive gas or fresh air.
MR (Purging)
B I 2R S0 R DR AR B P 2 D AT P 2 Ak 3 P S 8T A N AR 5 S A T £ 2 S LB 452 ) T ) 4

3.30 Rack system
An unenclosed silane process gas panel and purge gas panel mounted to a support structure used with silane cylin-
ders. It is designed for unconfined open ventilation, as opposed to the confinement provided in ventilated gas cabinets.

SEIMZE A % (Rack system)

A8 P 2 e S A T R S O (9 . S A A B PR e SRR (R P, Rt s e R B T ) e
Ao DU A RS Jo B 225 ] F SRR

10
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3.31 Remotely located, manually activated shutdown control
A control system that is designed to initiate shutdown of the flow of gas and is activated from a point located some dis-
tance from the delivery system.

F @l v B PH ¥ (Remotely located, manually activated shutdown control)
et LM IR S s SR e, FLBR Bl (0 57 B A7 A ik R &) — 5 PR AT

3.32  Shall
Indicates a mandatory requirement.

W28 (Shall)
Fon Ry IEERIEE .

3.33 Silane systems and sources

3.33.1 Silane
Silane and silane in combination or mixed with other gases where the concentration of silane exceeds 1.37% by vol-
ume.

1 H bt R & B JE (Silane systems and sources)
7 4t (Silane)
T F o B i v T B AR EE 1. 37 Yo 11U RY FR e B L A S B PO T 2

3.33.2 Silane delivery system

A system used to transfer silane from a source of supply to a point where connections are made to piping systems as-
sociated with internal transmission and/or use of this material. The piping and components that make up the silane gas
delivery system include:

— container connections;

— process control panel and integral components;

— purge gas panel and integral components;

— piping between the process gas panel and the purge gas panel; and

— output piping from the process control panel terminating at the point where the gas either enters the building piping
system or the outlet from a valve manifold box (VMB) when VMBs are used as a means to supply individual points
of use.

The delivery system does not include:

silane containers (cylinders, tubes, etc.);

gas cabinets;

gas disposal equipment; or

auxiliary equipment related to a silane installation.
W e /4% (Silane delivery system)

AR SR Ay e 2 ) — e B R BT, FLAL Ty A8 2 A A8 8 S/ A P e ) B 7 R e SR Bl A28 AR 5 1
R BT LA

- BT
— R T B 2 T
— R U T B 2

— S SR B M B S B i 2 A R

11



AIGA 052/08

— SRS I (1 S TURY (PSR T BE U 1 S SR B AR At SR A S L B A
(VMB) A 1 0 A5 FH 8 S 1 20 A

L R B
- BB (R R
- SRR
- RME AR P B
- YR A A o

3.33.3 Silane, bulk source
A container or interconnected group of containers with a water volume exceeding 8.8 ft* (250 L).

i HEE, K24k (Silane, bulk source)
INFB/K 22 R 88,857 J5 IR (2507 )2 75 Bl EL A1 152 (1) 75 2 4H

3.33.4 Silane, nonbulk source
A container or interconnected group of containers with a water volume not exceeding 8.8 ft* (250 L).

WHHE, ARSI (Silane, nonbulk source)
N 7K 2 AN 388,837 7 IR (25074 T )2 75 45 BRI s ELATAST 42 (1 25 4 40«

3.34 Site
A location on a premise from which distances to exposures are measured.
TAES P (Site)

21087 o w11 R VA W 2B P52 R B L =

3.35 Storage
The keeping or retention of material in bulk sources connected to a piping system or in nonbulk source systems or bulk
sources that are not connected to a piping system other than piping systems integral to the source.

f#17 (Storage)

) LA TR AR P AR SR SR AT B I AR AT I L AR R S S 2R At IR 42 81 SR 4 I AR S9N [ FR) R A6
I PN TR

3.36  Ultra high integrity service (UHIS)
An acronym used for outlet connections designed for ultra high integrity service.

NOTE—In 1989, CGA approved a new group of cylinder valve outlet connections commonly referred to as the CGA 630/710 series.
This series was conceived to provide “higher purity and leak integrity” than previous connections. The connection is distinctive in ap-
pearance and uses a sealing mechanism that is common to high purity applications. See CGA V-1, Standard for Compressed Gas
Cylinder Valve Outlet and Inlet Connections [6].

?pjf!,'ﬁf" FHER]3% (Ultra high integrity service, UHIS)
SIS I BT BT R -
e - 71980 | i fitas (7 i~ EETHUSHISEI] 1R, — JEFIELCGA 6301710 ) -
P e B e R f‘““iFJ'JF'W'rE'%WEJE-' 7O MATE SRR T o PP T,
B %&»{Eja Ve e o TR I R i, 2 M CGA V-1 Bl 0 SRIEIRILL 1 7 [ Pt = (6]
3.37 Use

The placement of material into service by connecting to a piping or pressure control system or by using the product in
process operations.

12
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ffli™] (Use)
PORTFIR g s 42 0 (O 5 SRR (ST P I -
3.38 Valve
3.38.1 Valve, automatic

A valve designed to be operated by pneumatic pressure or other power source other than manual means.
i (Valve)

I, HE) (Valve, automatic)

PP 2 0B T o= oty o O Vg = -

3.38.2 Valve, check
A valve designed to provide for flow in one direction. The internal components of the valve are designed to prevent flow
in the reverse direction. Check valves are not viewed as safety devices.

g, Wik (Valve, check)
TIPS 0 56 12 i [ o FRIPO P A I L5 7 [ s, i (R0 ) £ 2 S =

3.38.3 Valve, pressure relief

A valve designed to open if a predetermined pressure is exceeded. Pressure relief valves are commonly referred to as
pressure safety valves with the recognition that relief is provided to prevent a dangerous condition due to overpressuriz-
ing a system or container.

M, MR (Valve, pressure relief)

I TR P A s 5 TR g T o i, R R SO 0 A1 R ) 2 4 o, LA S IR 2 R AR B il R (1 Js P
SRV AT 7 RIRR R

3.38.4 Valve manifold box (VMB)
A fully enclosed, ventilated enclosure of limited size used to house valves, fittings, pressure regulating, monitoring, and
flow control systems suitable for the distribution of gases in closed piping systems to one or more tools or workstations.

SR Atk i 2y B AR R 4H (Valve manifold box, VMB)

— R 5E AR, RS2 BRI T A, P 7 116 A S AR St SR O A28 2 — S L PO 5 e T At 1 o 42,
R R R, T S e R

3.39 Vapor cloud explosion
An explosion occurring outdoors that results in damaging overpressure . It is initiated by the unplanned release of a
large quantity of flammable vaporizing liquid or high pressure gas from containers including but not limited to a storage
container, delivery system, process vessel, or piping system.

ST H;j%”P (Vapor cloud explosion)
2 HEA G J}”*‘B‘*ﬂ%*?p”gﬁﬁ SO BT PO (IR & D L e R RS A,
%ﬁ% F"EL :«EIT'TJEFI JF' LA Fﬂ;@mﬁv ¢

4 Physical and chemical properties ) Ed {2 &

4.1 Description ##id

Silane is a colorless, pyrophoric gas that is able to burn at concentrations from 1.37% to 96% volume in air [3]. At con-
centrations between 1.37% and about 4.5%, mixtures can react if an ignition source is provided. When the silane con-
centration in air is greater than about 4.5%, the mixture is metastable and will undergo bulk autoignition after a certain
delay with shorter ignition delays at higher concentrations [1]. Due to the nature of the reaction, it does not always ignite
when vented to the atmosphere. It has been reported to have a repulsive odor that is able to be physiologically detected
well below the Threshold Limit Value-Time-Weighted Average (TLV®~TWA) concentration of 5 parts per million by vol-
ume (ppmv); however, odor is not to be relied upon as a means to indicate the absence of a hazardous material [7].
Notwithstanding reports regarding odor, the reported odor for silane is believed to be a characteristic of burning silane
rather than of the material itself.

13
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/F"%“T' =1 E"W‘i?’ﬁg i 250 ([RGB /7 41.37% % 96% (A=) FAN3] - iE% 1.37%%7794.5%
je]?ﬁ#ﬁ%iﬂ TR 7R VR AP A T g Hi 2SI VSRR A4 5% > JEL B I 1 RBINE
A EE T I'FLJE“’?”&’ rﬂﬁ R o E R R 1] - ﬁltﬁ[l—@r‘gi@‘ry i PR S
R e PR "’% S i * (PR L BT AR (TLV-TWA) 5
?U P %LP?F T RLR PR R T
T@B Lo VSRR SR P ﬁE“E TP VARNEROR 1 o 2R A 205

4.2 Properties &
Fundamental physical and chemical properties of silane are noted in Table 1.
PSP 5P RL A IR PR
4.3  Pyrophoric nature of silane i F 4% B IRAH
Silane is pyrophoric; however, it does not always ignite when vented to the atmosphere. Lack of instantaneous ignition

can lead to delayed ignition resulting in fireballs or vapor cloud explosions, which can range in character from deflagra-
tion to detonation. It is important to understand the pyrophoric nature of silane and conditions surrounding ignition.

TR VHS PUINE > (R 50T
- Se=p T'ﬁéﬁrij"‘?ﬁi(deﬂagratlon ?H%i%
f' ibcA

Rt i A g e el e
(deto natlon) FUFEE o ErfelfiukL - 7,‘7“1%[ AT P VS E VR M T 1

Table 1—Physical and chemical properties of silane

Parameter Value
Chemical name Silane
Synonyms Silicon tetrahydride, silicane, monosilane, silicon hydride
Chemical formula SiH,
Chemical Abstracts Service (CAS) registration number | 7803-62-5
Appearance Colorless gas
Boiling point —169 °F (-112 °C)
Melting point -300.5 °F (-184.7 °C)
Gas density at 1 atm and 68 °F (20 °C) 0.084 Ib/it° (1.35 kg/m")
Specific gravity (liquid) at 301 °F (—185 °C) 0.711
Specific gravity (gas) at 1 atm and 70 °F (21.1 °C) 1.12 (Air = 1)
Specific volume at 1 atm and 70 °F (21.1 °C) 12.0 ft3/|b (0.75 m3/kg)
Vapor pressure at 68 °F (20 °C) Gas
Molecular weight 32.12
Solubility in water Negligible. Slowly decomposes
Critical temperature 25.8 °F (-3.4 °C)
Critical pressure 702.5 psia (4 844 kPa, abs)
Critical density 15.4 b/’ (0.247 g/cms)
Compressibility See Appendix B
Heat of combustion 19 076 Btu/lb (44 370 kJ/kg)
Flammable limits in air 1.37% to 96%
Autoignition temperature -58 °F (=50 °C)
ACGIH TLV-TWA 5 ppm
Acute toxicity Inhalation rat LCso — 9600 ppm/4 hr [8]

14
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1 - R ROWE AR E

2 Wit
A 44 Tl 1 e
HES2 VAR . Wobe. BRYHE. @ik
P SiH,
FBCE SO A (CAS) ZEE5Rhs 7803-62-5
A 05 Y
W -169°F (-1127C)
e -300.5°F (-184.7°C)
KGR 68°F (20°C) Ny 0.084 Ib/ft®> (1.35 kg/m®)
7E301°F (-185C) FZLLE i) 0.711
{E—KGEE 70°F (21.1°C) FZLLE CRED 1.2 (Z4H=1)
1E—KGEE 70°F (21.1°C) FZ AR 12.0 ft*/Ib (0.75 m*kg)
{E68F (20°C) R 75T S
G T 32.12
K ARG, AR i
bt St 25.8°F (-3.4°C)
Hifd SR g 702.5 psia (4 844 kPa, #%i)
it 2 5 15.4 Ib/ft® (0.247 glcm®)
Al A i 2 [ Y $%B
PRI R 19 076 Btu/lb (44 370 kJ/kg)
23 P 2 R LR 1.37% - 96%
AL -58°F (-50C)
% [ T S A i s 2 BTSRRI (ACGIH TLV —
TWA) o pem
A LCso — 9600 ppm / 4hr, K fi1 A\ [8]
4.31 Ignition and combustion

The ignition and combustion characteristics of 100% silane release have been the subject of major studies
[1, 2, 3]. Based on these studies, the LFL of silane in air has been established as 1.37%. Concentrations from 1.37% to
4.5% in air are able to be ignited by an external source (piloted ignition) resulting in deflagration with laminar burning
velocity reaching 5 m/sec (985 linear ft/min). When the silane concentration is greater than 4.5% in air, the mixture is
metastable and is capable of autoignition after a certain delay, with shorter ignition delays at higher concentrations.
Test results also have shown that silane air mixtures do not always autoignite, even at higher concentrations. A delayed
ignition is capable of resulting in a deflagration or a detonation [1].

15
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K B A%

A R ERE TS B K SR ISE 1 2 I k[ 1,2,3] 0 ARBRISLERIT S, AL Ty HHGE £ 20 SR B8 BRR(LFL) 251,
37%. AW eI LIE.37%4.5% K, AT AE MK CRTAERE KO BERTTIE IREIR,  JLARTEIRBEE R ] 1#5m/se
c (9858RMEft/mIn) o ST RS AL EIEA. 5%, AW & AN TEIRGE, fERC e BAR & IEAT KR AR, 1E
TR LN, UG JHERE IR R o IRRA RN, 1Y e S s SR A W AR AR B e R R A — s & A4 ST

A KOAT e B I AR B R 1] o

4.3.2 Combustion reaction
The stoichiometric combustion reaction of silane in air is expressed as follows:
SiH,+20, + 752N, —» SiO,(s) + 2H,0 + 7.52N,

The stoichiometric mixture contains 9.51 volume percent silane [3]. Large quantities of amorphous silica are formed
during the combustion of silane. For each 1.0 Ib (0.45 kg) of silane completely burned, approximately 1.87 Ib (0.85 kg)
of amorphous silica is formed.

SR FR G A AL SRR S TT e RS
SiH, + 2 Oy + 7.52 N > SiOg) +2 H,0 +7.52 N,

WELGH SR S5 9. 51 AR (T 2 LU i ke o 15 F e IR BEIE FE rp ol A KR AR Y« B:115(0.45 )
(Y F e S8 A B 40 v] 2 718715 (0.858)T) MAESRY .

4.4 Health hazards {&E 5%

The primary health hazards associated with silane are burns due to silane flame exposure or thermal radiation. The
LCs, (inhalation-rat) for silane is 9600 ppm at 4 hour of exposure [8]. Little information exists on the toxicity of silane
because of its pyrophoric nature; however, the American Conference of Governmental Industrial Hygienists (ACGIH)
has established a TLV-TWA concentration of 5 ppm to protect workers from the risk of eye, skin, and upper respiratory
tract irritation with exposure to this substance [9]. In addition, the inhalation of oxidized silane presents a potential
health hazard. The combustion of silane forms oxides of silicon that is able to cause irritation to the respiratory tract.

R VRIEI= B R 1SRN A B B0 - PV LCso (2 L) 459600 ppm, 41

BLEE(8] o [NELF USSR T P VR PRIV D 5 Ry, SO R Fﬁrﬁffﬂf%{ (ACGIH) L‘fﬁﬂ”ﬂ‘c’5 ppm
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4.5 Gaseous/liquid phase of silane %5 F 48 A B AH

The critical temperature of silane is 25.8 °F (-3.4 °C) and the critical pressure is 702.5 psia (4840 kPa, abs). Silane is
able to exist in liquid form depending upon temperature and pressure conditions. Engineering analysis and controls are
required in systems where liquefaction is to be avoided, for example, equipment operability under liquid fill conditions.

TP VAR FIE S £125.8°F (-3.4°C ) [Iffighi ] 1537025 psia (4840KkPa » 61E) o R T (RS WS
PRI R o KRR R VS % Y (1P, R VRS I RS AT, (0 i A 4
- Elfjr%ﬁﬁpfjp’]ﬁél"e[@ o

5 Packaging information &3,

5.1 General —#%

Containers used to contain silane offered for transportation shall the relevant governing regulations. As an example, in
the US, transport regulations for silane are governed by the US DOT Regulations [5].Information from the US DOT is
shown in the following Table 2.

K Jiﬁ?*‘@’ﬁa Jiﬁﬁlfj’ﬁf’/ﬁ l{;ﬁép%{?}'%g,u\;g ﬁﬁ%@g[gﬁﬁﬂﬁ@ﬁl%ﬁﬁktﬂw] , ﬁ% AESES @gp@ﬁﬁ; QU -
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Table 2—DOT packaging information

DOT hazard class 21
DOT label Flammable gas
DOT/United Nations (UN) number UN 2203

Valve outlet connection

CGA 350 or CGA 632 (UHIS)

Packaging

49 CFR Parts 100-180 [5]

CGA publications

V-1, Standard for Compressed Gas Cylinder Valve Outlet and
Inlet Connections [6]

V-7, Standard Method of Determining Cylinder Valve Outlet
Connections for Industrial Gas Mixtures [10]

S-1.1, Pressure Relief Device Standards—Part 1-Cylinders for
Compressed Gases [11]

S-1.2, Pressure Relief Device Standards—Part 2—-Cargo and
Portable Tanks for Compressed Gases [12]

S-7, Method for Selecting Pressure Relief Devices for Com-
pressed Gas Mixtures in Cylinders [13]

2 - KB EE IR AR B

DOT fia 45 4% 2.1

DOTHE AR S

DOT/Hi 5 B4 & 4 5% UN 2203

P 1z 8 CGA 350 &, CGA 632 (UHIS)
55 49 CFR Parts 100-180[5]

R A0 SRS B 8 L4 it

V-1, Standard for Compressed Gas Cylinder Valve Outlet and Inlet Connections
[6]

V-7, Standard Method of Determining Cylinder Valve Outlet Connections for In-
dustrial Gas Mixtures [10]

S-1.1, Pressure Relief Device Standards-Part 1-Cylinders for Compressed
Gases [11]

S-1.2, Pressure Relief Device Standards-Part 2-Cargo and Portable Tanks for
Compressed Gases [12]

S-7, Method for Selecting Pressure Relief Devices for Compressed Gas Mixtures
in Cylinders [13]

General —&

6 Outdoor storage and use 2517 B
Applicability & F

In addition to the requirements of Section 6, outdoor storage and use of silane shall be in accordance with the require-
ments of Sections 8 through 17 as applicable.

o ST 9 IR VSR 9 e A TR STBE TR B T - e

The release of silane represents a hazard due to the potential for fire or explosion. If released into a confined space, the
effects of either immediate or latent ignition or autoignition of silane have the potential to be severe as the atmosphere
immediately surrounding the burning material is heated and expands. The expansion of the atmosphere and the poten-
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tial shock wave propagating through the ignited material can cause injuries to personnel and damage buildings and
equipment in proximity to the source. Outdoor areas are used as a means to minimize or eliminate these effects.

R VST BBt SR LS IR O S TS E A o IR VRR S B > R VR S 1

I TSR BRI - R B P
FERAFLY N NPT © 390 B P LR DR S

6.2.1 Location

Silane sources and systems shall be located outdoors. An exception to this is nonbulk systems installed in accordance
with the requirements of Section 7. Although indoor locations are allowed, it is preferred that areas for the storage and
use of silane be located outdoors to minimize risk to users and facilities in the event of a fire or explosion. By locating
silane installations in an unconfined space, the surrounding environment is able to absorb unlimited amounts of heat,
and the surrounding environment is free to infinitely expand allowing overpressures to quickly attenuate.

(AN
bR TR ER 7 R 2 SORECE AR KSR (nonbulk) R AELLAR, 15 HUGESR IS A R GTAA R EAE S Ah . BEAR S INRRE 2 7T Ao
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6.2.1.1 Openness

A system shall be sited so it is open to the surrounding environment (see the definition of outdoor in 3.20.1). A system
is open to the environment when objects that encroach on the silane sources are located at a distance from the source
not less than twice the height of the encroaching object).

BH Bk

RGLIVLAAEB BN ER S, (2% F5MER3.20.1), EWIFENRY e A 1 bk, JEBLAY F e e I e e A mT /)
B LR WA (22,5547

6.21.1.1 Mitigation

Silane sources and systems that are not in conformance with the requirements of 6.2.1.1 shall be provided with mitiga-
tion measures to address encroachment. When mitigation measures are applied, the maximum encroachment is al-
lowed to be reduced to a distance not less than the height of the encroaching object. This limitation results in the angle
between the height of the encroaching object and the base of the silane containers being not greater than 45 degrees.
Overpressures and thermal effects shall also be included when locations are specified. See Appendices C and D.

For example, assume that an equipment item 10 ft (3.0 m) high is located off to one side of silane cylinders that are
located under a roofed structure. Applying the rule, the equipment shall be located at a distance not less than 20 ft (6.1
m) from the roofed structure. If a distance of 20 ft (6.1 m) is not able to be achieved, mitigation shall be applied before
further encroachment is allowed. Forced air circulation is allowed to be used as a means of mitigation. Mitigation is ac-
complished by moving air over cylinder valves and valve connections at a rate not less than 150 ft/min (0.8 m/s). See
13.1.1.

TR
ANFFAr6.2.1. T8 FE Hp TR (KR B e SR VAT 2R 40 5 PR 75 TR0 AT LA B i o 5 o PR DS IR, m A 0 e e
BEEE, (HBEBEEEBEATS NA B S . 18 PR HIEECE BN W 5 B e 258 5% 2 T8 1) £ JE AN K ik 45
. EALETR R, RS B E E . 2 ECHID.
B, (R TR B 100 (3.08 R )R BAE — 8 )2 TR T 5 ey A28 10— (o ARPEIL SRR, M5 R B it
AR AT DR 200R (6.1 L )o A LT LR BEAE200R (6.1 A R LAE,  7ERRME BN T, Wb ZE AT IS il 3 it
o SRS R P LS IR (K — RE O ¥, ol 2 SR A B [P BRI R 2 B, O R OR A3/ A 1508R /43 (0.8 YR .
2H/H13.1.1,
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6.2.1.1.2 Weather protection

Where controls or unconnected cylinders in storage require protection against the elements, an overhead roof or can-
opy shall be provided. An exception to this is that roofs shall not be provided to shelter silane bulk sources.

NEE
s AR VR SR T TR 9 o SR SRS (R B RO L RS SR
6.2.1.2 Height of overhead construction

When a roof is provided, the lowest point of the roof shall be not less than 12 ft (3.7 m) high as measured from the sur-
rounding floor. For lighter than air gas mixtures, a slanted roof with a vent at the apex is allowed to be used for venting
of fugitive gases.

PR S
PERA SRR GEESTIIGIE ) S TRROR SRR T DRTING.T S N « SRR R P 5
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6.2.2 Egress

Outdoor storage and use areas shall have no less than two exits. An exception to this is that one exit is allowed for out-
door storage and use areas less than 200 ft’ (19 m2) when a dedicated means of egress between cylinders or silane
equipment is maintained. The maximum distance to an exit shall not be greater than 75 ft
(23 m).

HA

2 9h s AR b s S DA AT o 9 I R AT AE200- PN (19 22 ) gt T M ¢ s
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6.2.2.1 Hardware

Means of egress gates or doors in fenced areas shall not be provided with a latch or lock unless it is panic hardware.
fufi
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6.2.3 Security

Storage or use areas shall be secured against unauthorized entry. Barriers against entry shall allow for the free circula-
tion of air throughout the area of storage or use.

R4

fefi A7 A P I I ZFRRC B AR A I, ABR B ARFAEN B N o PR P I8 A e o A5 2 B ) DA F A7 A8 Y L Bk
H A .

6.2.4 Vehicular traffic

Storage or use systems shall be located so there is access to transport vehicles to allow for loading and exchange op-
erations to be conducted. Storage and use areas shall be protected from damage by vehicular traffic.

LA
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6.2.5 Fire apparatus access roads

Fire apparatus access roads shall be provided in accordance with local regulations.
ME|OBIBE

?ﬁﬁﬁﬁﬁﬂii&Tﬁ@%éﬁffﬁti*ﬂﬁﬁfﬁf°

6.2.6 Separation from incompatible materials

Silane in storage or use shall be separated from incompatible materials by the use of distance or fire-resistive partitions.
SLANAR 25400 1O e e

R VS s O I TP S A T AT P

6.2.6.1 Separation by distance or barrier protection

Silane storage or use shall be separated from incompatible materials by a minimum separation distance of 20 ft (6.1 m)
or by a 2 hour fire barrier wall extending 18 in (46 cm) above and beyond the footprint of the containers.

P K19 X

1 B (it A7 B AT FH 0 2 BRANAH 25 (1) 49 5 [T B 2 /D 200R(8. 1A ), O FH 270N R 815 KN R, 1977 2 il v 4 A e e
P an 181N (467471 ) AR,

6.2.6.2 Arrangement of fire barrier walls

When used to separate incompatible materials, fire barrier walls shall be arranged so as not to preclude the flow of air
through areas where silane sources are in use.

Walls used to separate unconnected containers in storage shall not be considered encroachment as described in
6.2.1.1.

I35 < e ) T
A5 P 1575 R BIE AN AT 2 LI 5 15 R PR TR AN T L 2 S S Al 5 PP e SRR P Dk St
FEREAT it Y UARR BRSBTS 2% (KR AN AL £96.2.1. 1 Tt iR Z B i -

6.2.6.3 Proximity to physical hazard fluids

Silane storage and use areas shall be located so spills or leaks from outdoor, aboveground fluid storage vessels or sys-
tems used to contain fluids with physical hazards will not present an exposure hazard to the storage or use area. Dikes,
diversion curbs, grading, or alternate means may be used to divert liquids and runoff away from the silane area of stor-
age or use.

AR ST i

147 PRt A S A P [ o 280 T AN i 75 R R el B (O L, S TR A S IRZ A I B, 5
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6.2.7 Securing of containers

Cylinders and mobile supply units shall be secured to resist movement.
kas Alihd
SRS B 3R {3t R B e 2 [ 5 Bt S A T
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6.2.8 Other requirements

In addition to the previously stated provisions, outdoor delivery systems shall be in accordance with the following. Refer
to the applicable section for details:

system configuration (cylinder sources)  See Section 8

— system configuration (bulk sources) See Section 9
—  piping and components See Section 10
— gas monitoring See Section 11.1
— flame or heat detection See Section 11.2
— fire protection See Section 12
— ventilation See Section 13
— venting and treatment See Section 14
—  purge gas systems See Section 15
— electrical See Section 16
—  supervisory control systems See Section 17
LR(LEHEN
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6.3 Distances to exposures ?%ﬁ'ﬁ?ﬁ‘é

6.3.1 Distances between cylinder sources and exposures

Silane source cylinders in storage or use shall be separated from exposure hazards by distances not less than those
indicated in Table 3. Separation distances are variable since distances providing protection from radiant heat are de-
pendent upon storage volume. The distances are based on permissible exposure to thermal radiation. Fire, not explo-
sion, is the plausible event for cylinders in storage. See Appendix C for guidelines to other exposures with silane cylin-
ders in storage. An exception to this is individual containers with a silane content not to exceed 0.50 ft* (14 L).
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6.3.2 Protective walls
[ﬁjﬂyf |
6.3.2.1 Encroachment

The distances in Table 3 are allowed to be reduced to 5 ft (1.5 m) when fire-resistive partitions or fire barrier walls hav-
ing a minimum fire resistance rating of 2 hour as defined by national or regional building and/or fire codes interrupt the
line-of-sight between the container and the exposure. When provided, the partitions or walls shall be at least 5 ft (1.5 m)
from the exposure.

BHA
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6.3.2.2 Penetrations and openings

Penetrations and openings in fire-resistive partitions or walls shall be protected in accordance with the requirements of
national or regional building and/or fire codes. The fire-resistive rating of opening protectives provided shall be not less
than the required fire-resistance rating of the fire-resistive partition or wall being penetrated.

2% BB
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6.3.2.3 Obstructions

The configuration of the fire partitions or barrier walls shall allow natural ventilation to prevent the accumulation of va-
pors. An exception to this is outdoor storage consisting of unconnected cylinders with closed valves.
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6.3.3 Distances between ISO modules or trailers and exposures

The minimum distances from exposures for ISO modules or trailers containing silane in storage or use shall be not less
than those listed in Table 4. Table 4 shall not apply to piping systems downstream of the restrictive flow orifice (RFO).

Additional exposures are as follows:

— In installations where electrical power lines are present or in areas where exposure to electricity is conceivable,
silane delivery vehicles used for loading and unloading shall be at least 25 ft (8 m) horizontal distance from over-
head electrical wires; and

— The area above silane bulk sources shall be unobstructed.

The distances are based on the potential for overpressure due to latent ignition of released silane from individual con-
tainers of the size noted. Overpressures are determined in part by potential release from the pressure relief device used
for containers of the size noted. The container volumes shown are based on the maximum water content of individual
containers whether manifolded or not.
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Table 3—Minimum distance from cylinder sources in storage or use to outdoor exposures

Minimum distance to exposures
for different storage volumes or nests V2?3
Type of exposure Cylinders Cylinders ® | Cylinders ® | 450 L cylinders®
< 600 ft* 601 ft*to 2501 ft* to <10 000 ft’
(17 m?) 2500 ft* 10 000 ft* (283 m®)
(71 md) (283 m?)
ft (m) ft (m) ft (m) ft (m)
Places of public assembly, property [ 20 (6) 30 (9) 50 (15) 60 (18)
line that is able to be built upon.
Public street and sidewalk 20 (6) 30 (9) 50 (15) 60 (18)
Buildings of nonrated construction ” 15 (5) 25 (8) 25 (8) 40 (12)
Buildings of nonrated construction 20 (6) 25 (8) 25 (8) 40 (12)
Buildings with 2 hr fire rating and no 5 (1.5) 5 (1.5 5 (1.5) 5 (1.5)
openings within 25 ft (8 m)
Buildings with 4 hr fire rating and no 0 (0) 0 (0 0 (0) 0 (0)
openings within 25 ft (8 m)
Compatible compressed gas cylinder 9 (3) 9 (3) 12 (4) 30 (9
storage or other silane nests”
Compatible compressed gas cylinder 20 (6) 20 (6) 20 (6) 40 (12)
storage or other silane nests®
Incompatible compressed gas 20 (6) 20 (6) 20 (6) 40 (12)
cylinders and materials
Flammable and/or combustible liquid
storage above ground ”
(a) 0galto 1000 gal (3785L) 10 (3) 10 (3) 25 (8) 25 (8)
(b) In excess of 1000 gal (3785 L) 25 (8) 25 (8) 50 (15) 50 (15)
Flammable and/or combustible liquid
storage above ground ¥
(a) 0 galto 1000 gal (3785L) 20 (6) 20 (6) 25 (8) 25 (8)
(b) In excess of 1000 gal (3785 L) 25 (8) 25 (8) 50 (15) 50 (15)

1)

2)

3)

5)
6)

7)

8)

The distances are based on permissible exposure to thermal radiation. See Appendix C for thermal radiation data.

The distances specified are allowed to be reduced to 5 ft (1.5 m) when protective walls are provided in accordance with
6.3.2 or reduced to zero feet (metre) when in accordance with 6.2.6.2.

Volume shown in liters refers to the water volume of the cylinder.

For cylinders with an internal volume of 1.8 t* (50 L) or less in storage or for those in use when separated to prevent
flame impingement as required by 6.4.4.

For cylinders with an internal volume of 1.8 ft* (50 L) or less in storage only.
For cylinders with an internal volume greater than 1.8 ft* (50 L) and not exceeding 16 ft* (450 L) in storage or use.

Silane packaged in steel cylinders or fiber overwrapped aluminum cylinders or silane stored in proximity to compatible
gases packaged in steel or aluminum fiber overwrapped cylinders.

Silane packaged in aluminum cylinders or silane stored in proximity to compatible gases packaged in aluminum cylin-
ders.
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Table 4—Distance to exposures for outdoor silane trailers, ISO modules, and containers >450L
in storage or use

Minimum distance to exposure V23496
Type of exposure >450 L¥ cylinder to include tube trailer or ISO module”

<600 psig >600 psig to 1000 psig >1000 psig to 1600 psig

(4140 kPa) (6900 kPa) (11 030 kPa)

ft (m) ft (m) ft (m)
Places of public assembly 175 (53) 275 (84) 450 (137)
Property lines 110 (34) 180 (55) 300 (91)
Buildings on site 110  (34) 180 (55) 300  (91)

" Maximum silane pressure in the container.
2 The distances are based on the potential for overpressure due to latent ignition of released silane from individual con-
tainers of the size noted. Overpressures are determined in part by potential releases from the pressure relief device
used for containers of the size noted. The container volumes shown are based on the maximum water content of indi-
vidual containers whether manifolded or not.

Distances to buildings are allowed to be reduced depending on the ability of the building to resist overpressure. See
Appendix D.

Distances for pressures or volumes outside of those shown in the table shall be determined by engineering analysis
subject to the approval by the authority having jurisdiction.

Volumes expressed in liters refer to the water content of containers specified.
Tube trailers or ISO modules equipped with PRDs with a venting orifice of < 1.0 in (25 mm) in diameter.

Where greater encroachment is required for buildings on site refer to Appendix D for guidance.
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6.3.4 Silane delivery systems % FF 2% & 5%

6.3.5 General

Outdoor locations are advised for silane delivery systems to prevent the potential accumulation of silane in the event of
a release. Although outdoor locations are advised, the use of outdoor systems is not always achievable due to site or
environmental considerations such as when the other constituents of silane mixtures are toxic.
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6.3.6 System operation

A means of detecting a potential fire at the source connection or process gas panel shall be provided in accordance
with the requirements of 11.2.1. The means provided shall be designed to minimize personnel exposure when silane
flow is initiated after a change of source containers occurs.
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6.3.7 Shutdown and source isolation

A means for shutting down the silane delivery system shall be provided in accordance with the requirements of 6.4.3.
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6.3.7.1 Remotely located, manually activated shutdown

At least one remotely located, manually activated shutdown control shall be provided. The shutdown control shall be
located not less than 15 ft (4.6 m) from the source of supply and the process gas panel control system. Activation of the
shutdown control shall immediately stop the flow of gas at the source and isolate the source from the delivery system.
Additional remotely located, manually activated shutdown controls shall be located at each exit from the secured area.
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6.3.7.2 Automatic shutdown

An automatic shutdown system shall be provided to automatically shut off the gas flow when fire is detected in accor-
dance with the requirements in 11.2.
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6.3.8 Arrangement of cylinder systems

Individual cylinders containing silane shall be secured in open steel racks and separated from other silane cylinders to
prevent flame impingement from a silane release to an adjacent cylinder or valve area. Separation shall be by 1/4 in (6
mm) thick steel plates with the plate extended a minimum of 18 in (460 mm) below the centerline of a cylinder valve and
a minimum of 6 in (150 mm) above the centerline of the cylinder valve or other means providing equivalent protection.
An exception to this is individual cylinders in attended transfer operations that are in the process of being filled shall not
be required to be separated by barriers to prevent flame impingement.
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Figure 2 shows an example of an open steel rack with steel plate separators designed to prevent flame impingement on
adjacent cylinders if failure at a cylinder valve occurs. Figure 3 shows a typical outdoor area used for unattended opera-
tions.
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T T 1/4 in (6 mm) steel :

cylinder plate

.

R B AR

f Y A

NOTE—The plate is designed to prevent flame impingement from the valve source to the adjacent cylinder. The plate shall be ex-
tended below the centerline of the valve a minimum of 18 in (460 mm). Figure 2 has been provided to illustrate the concepts de-
scribed in the text of the standard. The figure is schematic in nature. It is neither to be interpreted as a design document nor is it in-
tended to restrict alternate designs.
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Figure 2—Support structure protection against flame impingement
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See Table 3
I TS 4, SRS T SR I )
1(iﬂft K It R - EXIT o
(15 m) silane cylinders on open racks,
separated by steel plates (beside and behind cylinders) Emergency Alarm and
: Shutdown Panel and

010|o|o|olO]OlO] 8 e cylinders remote operation point
on end of rows -
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See Table 3
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NOTE—Figure 3 has been provided to illustrate the concepts described in the text of the standard. The figure is schematic in nature.
It is neither to be interpreted as a design document nor is it intended to restrict alternate designs. For instrument nomenclature, see
Figure 1. Figure 3 applies only to steel cylinder or aluminum cylinder protected with aluminum overwrap. For unprotected aluminum

cylinders, see Table 3.
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Figure 3—Typical end user outdoor cylinder layout
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6.3.9 Arrangement of bulk source systems

A silane bulk source system includes a bulk container of silane discharging through a pressure control and piping sys-
tem. Bulk source delivery systems shall be in accordance with the requirements of 6.4.5 and Section 9.
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6.3.9.1 Operator controls

The silane bulk gas supply control system shall consist of one or more control panels and one or more process gas
panels.

L (EE A
AP VS R A 1 (B 2 L o (RS % TR R P i
6.3.9.2 Panel location

A typical bulk source container layout is shown in Figure 4.
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Process : process panels/control panels e g
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o
g ® "
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Property line, road, or nearest building

l panel / \
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panel 1B
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. stop ~ i &
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Control
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Concrete slab Concrete slab X
See
- X ESO X X b 4 X X=X X xX— Xo
Table 4 —? %/0
Gas supply to J
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NOTE—Figure 4 has been provided to illustrate the concepts described in the text of the standard. The figure is schematic in nature.
It is neither to be interpreted as a design document nor is it intended to restrict alternate designs. For instrument nomenclature, see
Figure 1.

Figure 4—Typical bulk source container layout (unattended operations)
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6.3.9.2.1 Separation between control panels and bulk sources

There shall be a 2 hour fire partition provided between the silane bulk source containers and the control panels or proc-
ess gas panels. Alternatively, a 30 ft (9 m) separation shall be provided between the supply containers and the control
or process gas panels.
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6.3.9.2.2 Separation between control panels and process gas panels

Control panels shall be located not less than 15 ft (4.6 m) from process gas panels.
A5 ) 5 T R SR SR AR T 2 £ 20 B
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6.3.9.2.3 Field of view between control panels and process gas panels

Control panels shall be mounted in a location that allows an unobstructed view of the process gas panels (potential leak
points).
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7 Indoor storage and use % N fE B

71 Applicability i#
In addition to the requirements of Section 7, indoor storage and use of silane shall be in accordance with the require-
ments of Sections 8 through 17 as applicable. An exception to this is individual containers with a silane content not

greater than 0.50 scf (14 L).
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7.2 Indoor storage % N LT
Indoor storage of silane shall be in accordance with the requirements of 7.2 and 7.4 through 7.10 as applicable. Build-
ings, rooms, or areas used for silane storage shall be constructed in accordance with the requirements of national

codes and regulations.
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7.21 Bulk sources

Silane bulk sources shall not be located indoors.
TRV A R AT <
7.2.2 Location
Silane shall not be stored in locations below ground level.
(A

TIPS i e T (SO BST CE f ©

7.3 Indoor use ERHH
Indoor use of silane shall be in accordance with the requirements of 7.3 and 7.4 through 7.10 as applicable.
F P TR VRER F'7 3 AHIT.AZ|7 A0fYHH [forsf o
7.31 Bulk sources and systems

Silane bulk sources shall not be located indoors.
KIRRIFFIRET
IR B SR A
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7.3.2 Nonbulk sources and systems

Nonbulk silane sources and delivery systems are allowed indoors. Buildings, rooms, or areas used for the installation of
silane delivery systems shall be constructed in accordance with 7.3.2.2 and the requirements of national codes and
regulations. The guidelines for indoor cylinder systems are analogous to those for outdoor cylinder systems. The differ-
ence is that indoor installations have additional requirements for forced fresh air ventilation across mechanical connec-
tions to prevent accumulation of silane in the event of a release and controls to limit potential damage in the event of
fire or explosion.
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7.3.21 Location

Silane delivery systems shall not be installed below ground level.
(VALY
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7.3.2.2 Barricade construction

7.3.2.21 Unattended operations

Rooms or areas used to contain silane sources used in unattended operations shall be constructed to meet the re-
quirements for barricade construction designed to address the potential for a detonation of released material. Ordinary
construction methods and the use of explosion venting or relief systems are not allowed as a means to offset the effects
of a detonation.
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7.3.2.2.2 Attended operations

Rooms or areas used for attended transfer operations shall not be required to meet the requirements for barricade con-
struction when such areas are in conformance with the requirements of 7.3.2.2.3 or 7.3.2.2.4 as applicable.
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7.3.2.2.3 Filling in exhausted enclosures

Cylinders shall be filled in exhausted enclosures in accordance with the requirements of 7.3.2.2.3 or shall be filled in a
gas filling room in accordance with the requirements of 7.3.2.2.4. Filling operations conducted in exhausted enclosures
shall comply with all of the following:

—  Explosion control shall be provided in accordance with 7.5;

— Cylinders being filled shall be located within an exhausted enclosure that is ventilated in accordance with the re-
quirements of 13.2; and

— Gas monitoring shall be provided in accordance with 11.1.2. The gas monitoring system shall initiate a local alarm
to alert operators at concentrations of 5 ppm (TLV-TWA) or less [7]. Activation of the monitoring system shall auto-
matically isolate the source of gas supply from the filling manifold.
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7.3.2.24 Filling in gas filling rooms outside of exhausted enclosures

Cylinders shall be filled in gas filling rooms in accordance with the requirements of 7.3.2.2.4 or shall be filled in an ex-
hausted enclosure in accordance with the requirements of 7.3.2.2.3. Filling operations in gas filling rooms shall comply
with all of the following:

— Explosion control shall be provided in accordance with 7.5;

— Cylinders being filled shall be considered to be in unenclosed indoor installations. Ventilation shall be provided in
accordance with the requirements of 13.2; and

— Gas monitoring shall be provided in accordance with 11.1.2. The gas monitoring system shall initiate a local alarm
to alert operators at concentrations of 5 ppm (TLV-TWA) or less [7]. Activation of the monitoring system shall auto-
matically isolate the source of gas supply from the filling manifold.
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7.4 Egress WA O

There shall be a minimum of two exits from storage and use areas. An exception to this is one exit is allowed when ar-
eas are less than 200 ft’ (19 m®). unless national regulations indicate otherwise and the equipment is arranged so the
exit access is clear.
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7.41 Travel distance to exits

The maximum travel distance to an exit shall not exceed 75 ft (23 m).
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7.5 Explosion control *t%f*’ﬁ_:,f}”ﬁju
A means of explosion control shall be provided when the quantity of silane in individual containers exceeds 0.50 scf (14

L). Explosion control shall be designed and constructed in accordance with the requirements of national building and/or
fire codes.
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7.6 Electrical requirements &5/ EK
For requirements see 16.3.

’?&T‘;@ Elfjg;lj%ﬁ%éfﬂ 16.3 -

7.7 Ventilation & /&,
For requirements see 13.2.

SR VR R 413.2

7.8 Quantity limits 48 & Rl
7.8.1 Buildings containing mixed uses

The maximum quantity of silane and other pyrophoric gases stored or used inside buildings containing other occupan-
cies or uses (mixed uses) as defined by national building codes shall not exceed detached building threshold limits as
established by national codes. Quantities of silane and other pyrophoric gases exceeding this amount shall either be
located in a detached building or outdoors.
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7.8.2 Detached buildings

The maximum quantity of silane in detached buildings shall not be limited when the use of the building is confined
solely to the storage or use of hazardous materials and the building, storage or use conditions comply with applicable
national codes.
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7.9 Separation from incompatible materials N2 kR Bt

Regardless of whether a detached building or mixed-use building is used, silane shall be separated from incompatible
materials in storage and use as required by national or regional codes and regulations. Separation shall be provided by
distance, gas cabinets or similar appliances, or noncombustible partitions.
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7.10  Gas cabinets 3 ¥5iHH

Gas cabinets or equivalent ventilated enclosures shall be provided for silane sources or systems in use where the pres-
sure of the gas supply exceeds 30 psig (207 kPa) or where silane is mixed with a toxic or highly toxic component. When
gas cabinets are used, refer to 8.2.2.

An exception to this is cylinders in rooms meeting the requirements of 7.3.2 and the requirements of 13.2 for unen-
closed indoor installations.
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7.11  Other requirements A%k

The additional control measures required by 7.11 shall be provided when silane storage or delivery systems are located
indoors.
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7111 Engineering controls

Detailed information on the required controls is provided in the referenced sections:

— system configuration See Section 8

— piping and components

gas monitoring

flame or heat detection
fire protection
ventilation

venting and treatment
inert purge gas systems
electrical

supervisory control systems
TRz

See Section 10
See Section 11.1
See Section 11.2
See Section 12
See Section 13
See Section 14
See Section 15
See Section 16

See Section 17

DR AR, L R AR -

REEE
B BLL
SR
KIG BT
EIENSH
T F Bt
HETA S 2
- ETETOR R
AR

Bk

ElL S
2 [H105
S5

211,25
2125
145135
21475
2R %155
2167
SR HT

>

W W
e

%

36



AIGA 052/08

7.11.2 Shutdown and source isolation
A means for shutting down the silane delivery system shall be provided.

At least one remotely located, manually activated emergency shutdown system is required. The shutdown system shall
be capable of being activated from a point immediately outside of and adjacent to each exit door from the room or area
in which silane delivery systems are located. Activation of the shutdown system shall immediately stop the flow of gas
at the source and isolate the source from the delivery system. Activation of the shutdown control shall sound a local
alarm.
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8 System configuration—cylinder sources & % it & — i i 55
8.1 Outdoor installations 4 E
8.1.1 Use equipment
Equipment used for outdoor cylinder installations consists of individual source and purge gas supply cylinders, a proc-

ess gas panel, a purge gas panel, and a support structure. For information on locating cylinders, support structures,
and typical layout, see 6.1 and 6.3 and Figures 2 and 3.

iRl

9 SRPECRTECRLE TR I 50 R > S SR FHRSRDET ~ IR SRR G0 SO PR R T PSS Y o SRR
iiﬁi’ﬁ“xﬁﬁ;ﬂil'ﬁjﬁ'ﬁiﬁ'ﬁf% ) ﬁ%?éf%‘ﬁl » 6.3 [HI2AIA3 ©

8.1.2 Process gas panel

Process gas panels shall be used to regulate the downstream pressure of gas from the silane source cylinder(s) to a
VMB or point of use. General requirements for process gas panel piping systems, RFO, emergency shutoff system
(ESO) valves, and components are specified in Section 10. See Figure 5.
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NOTE—The ESO valve is allowed to be located on the cylinder or on the pigtail close coupled to the cylinder. Figure 5 has been pro-
vided to illustrate the concepts described in the text of the standard. The figure is schematic in nature. It is neither to be interpreted as
a design document nor is it intended to restrict alternate designs. For instrument nomenclature, see Figure 1.
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Figure 5—Typical silane process gas panel
[ 5 - BRI S R PR
8.1.21 Materials of construction

Process gas panel components shall be constructed of materials compatible with silane and assembled with compo-
nents and fittings designed to minimize leakage.
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8.1.2.2 Excess flow control

Process gas panels shall be provided with excess flow control in accordance with the requirements of 10.2.5.
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8.1.3 Purge gas panel

Purge gas panels shall be provided as a means to control the supply of inert purge gas to process gas panels serving
each silane delivery system. Purge gas panels shall be designed to prevent the backflow of process gas and potential
cross-contamination of the purge gas source. Individual purge gas panels serving process gas panels used to control
silane gas shall be solely for use on silane delivery systems.

Silane systems shall be purged with an inert gas by means that ensures complete purging of silane from the piping and
control system before the source system is either opened to the process or to the atmosphere at times when silane
sources are changed or for purposes of maintenance. See Figure 6.
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Inert gas source cylinder(s)

NOTE—Figure 6 has been provided to illustrate the concepts described in the text of the standard. The figure is schematic in nature.
It is neither to be interpreted as a design document nor is it intended to restrict alternate designs. For instrument nomenclature, see
Figure 1.
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Figure 6—Typical silane purge gas panel
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8.2 Indoor installations ENEE
8.2.1 Use equipment

Equipment used for unattended operations conducted with indoor cylinder installations consists of individual source and
purge gas supply cylinders, a process gas panel, a purge gas panel, and gas cabinet or rack system. VMBs are cus-
tomarily used in indoor installations where distribution to multiple use points is required. See 8.2.4.
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8.2.2 Gas cabinet systems

A gas cabinet system is comprised of the cabinet or enclosure, the controller (when automated controls are provided),
and process gas panel(s). A gas cabinet is a protective device used to house compressed gas cylinder(s) and to ensure
that a potential gas release is confined to the area where released and directed away from operators and plant person-
nel. Gas cabinets are connected to an exhaust system that is used to capture and remove leaked gas and transport it to
a point of discharge away from personnel, air intakes, or building openings.

Gas cabinets are fully enclosed appliances designed to house the cylinder(s) they contain. They are uniformly ex-
hausted to maximize operator protection during use and to ensure operator protection while making and breaking con-
nections during cylinder changes. Once a gas cylinder has been secured into an enclosure, limited access is used
(usually a large lockable window) to allow operators to view and operate the process gas panels contained inside the
cabinet. The purge gas panel(s) is typically housed within the cabinet as well. The control panels used to operate the
process gas panel(s), when such panels are automated, are typically installed outside the cabinet. The controller is
commonly used to enable automated purge procedures to ensure efficiency and consistency in purge operations. The
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process gas panel is typically designed to eliminate dead ends in the piping system, to minimize gas stream contamina-
tion, and to ensure the optimum purge efficiency.
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8.2.2.1 Limitations

Where gas cabinets are used, only single-cylinder cabinets are recommended to minimize the exposure potential in the
event of fire. Where there is more than one source cylinder in a gas cabinet, each cylinder shall be separated by a 1/4
in (6 mm) steel plate as described in 6.4.4.
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8.2.2.2 Labeling

Gas cabinets shall be labeled with the name of the process tool or equipment they serve, as well as with the name of
the gases contained such as SILANE or SILANE MIXTURE and the type of purge gas used. Additional labeling indicat-
ing HAZARDOUS—KEEP FIRE AWAY shall be placed on the cabinet as a warning to prevent potential fire exposure
and as a means to alert emergency response personnel to the presence of compressed gas cylinders.
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8.2.3 Process gas and purge gas panel

Process gas panels and purge gas panels for indoor use shall be in accordance with the requirements of 8.1.
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8.24 Valve manifold box

8.241 Description

Gases in closed piping systems shall be allowed to be distributed through a VMB to one or more points of use. Distribu-
tion to multiple use points serves to reduce the quantity of source cylinders on site as well as the number of individual
gas pipelines containing silane located throughout the user facility. VMBs are allowed to be controlled automatically
using pneumatically operated valves. Operations such as emergency gas shutoff at the point of use and purging at the
point of use are allowed to be accomplished with automated VMB systems without venting the primary delivery line
from the gas source thereby minimizing the potential for contamination as well as the consumption of silane.
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8.24.2 VMB manifold branch purging

VMB manifold branches shall be purged with an inert gas by means that ensure complete purging of the piping and
control system before the system is used to deliver silane to the process or before the system is allowed to be opened
to atmosphere for maintenance purposes. See Figure 7 for recommended locations of VMB manifold branch purging
points.
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8.24.3 Gas monitoring

Gas monitoring shall be provided at the VMB in accordance with the requirements of 11.1.2. Activation of the gas moni-
toring system shall shut down the source of gas at the VMB being monitored in accordance with the requirements of
11.1.5.
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8.24.4 Flame detection

Flame detection shall be provided at the VMB in accordance with the requirements of 11.2.2.3. Activation of the flame
detection system shall shut down the source of the gas supply at the VMB being monitored in accordance with the re-
quirements of 11.2.3.
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NOTE—Figure 7 has been provided to illustrate the concepts described in the text of the standard. The figure is schematic in nature.
It is neither to be interpreted as a design document nor is it intended to restrict alternate designs. For instrument nomenclature, see
Figure 1.
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Figure 7—VMB flow schematic
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9 System configuration—bulk sources R B — K2 RIR

9.1 Use equipment 1 %

Equipment used for silane bulk source installations consists of a silane bulk source and its attendant control systems. A
silane bulk source consists of an ISO module, tube trailer, cylinder packs, or individual containers having an aggregate
water volume greater than 8.8 ft* (250 L). The attendant control systems include a process gas panel, purge gas panel,
and control panel. Bulk silane source systems distribute silane to use points located indoors. Distribution within the
building where the material is used is customarily performed using of VMBs. A typical process flow diagram is shown in
Figure 8. Equipment used for bulk source systems shall be in accordance with the requirements of 6.4.5.
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9.2 Outdoor installations E4pEE

The location of outdoor delivery systems shall be in accordance with the requirements of Section 6.
1 B AR O fpf T STB T ORI e

9.3 Bulk containers ZE4MEE

Silane bulk source containers shall comply with 9.2 and relevant national regulations.
491 ﬁ"ﬁjé FEAREY "“ffg‘f SER ST VR e

& 5EH(5110.2.2.3)

Bonnet vent §
(See Section 10.22.3) = /[ SkPHI

D
ISOff57 5 Dok B AH(LETIAR)
S Y5k
ISO module P b "
or bulk rocess panel boundary To silane vent
container )—;-Q- . (see Section 14)
D o I
=il
DY ) we 2 21
0.125 in Eﬁ_
}&)“ (3.2 mm) l-_
il ;;1 1 T
_§_||| ~ v VMB puigt
l l_ of use
VMB
)&_@—M tla

Outdoor § Indoor

RFO
ISOfE- 7Y )‘aa‘ 0.125 in %‘ I

=N 'FL[QQ (3.2mm)
S fﬂ o
ISO module g
or bulk Rl

IRLIEY
(bL15.4)

From house N2

{See Section 15.4)

Purge
panel t | |

T T s

container

Vacuum - 2P S
b To silane vent =5 n
source (See Section 14) || (bL21148]

33331

Inert

NOTE—The vacuum source is either a vacuum pump system or a vacuum venturi system. Figure 8 has been provided to illustrate the
concepts described in the text of the standard. The figure is schematic in nature. It is neither to be interpreted as a design document
nor is it intended to restrict alternate designs. For instrument nomenclature, see Figure 1.
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Figure 8—Typical bulk system process flow diagram
8 - A REAGRERER
9.3.1 Tube trailers and ISO modules

An ISO module consists of a number of cylindrical tubes that have been mounted onto a frame suitable for over-the-
road and ocean transport. The typical tube is 2 ft (0.6 m) in diameter and ranges from 20 ft to 40 ft
(6.1 m to 12.2 m) in length. The delivery end of the module is typically equipped with a piping manifold that intercon-
nects each of the tubes in the system. Each tube contained within tube trailers or ISO modules shall have an isolation
valve capable of isolating the silane supply from the piping manifold.
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9.3.2 450-liter cylinders

A 450-liter cylinder is an individual cylinder with an internal water volume of approximately 16 ft* (450 L). The cylinder
shall be mounted horizontally and fastened to a skid so a forklift truck or suitable power mover is able to move it. The
typical 450-liter cylinder has a valve on one end.
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9.3.3 Cylinder packs

Cylinder packs have multiple silane cylinders assembled on a cart or skid. Some carts are equipped with wheels and a
frame so they are able to be moved manually or with a forklift truck. The larger carts do not have wheels and depend on
a forklift for movement. The typical internal water volume of the individual cylinders ranges from 1.52 ft*to 1.76 ft* (43 L
to 50 L).

R Tl

SRIVSLEE THRLHY 0 TP VRSETRESER | G ORI 1 o 5 %L SR iR AR )~ g e R
RN T SRS IR IR RN - — R e SR I A ARLLS2 N 176
PR (432 %50 24 )

9.3.31 Securing of cylinders

Individual cylinders shall be firmly supported within the cart and frame assembly.
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9.3.3.2 Isolation valves

Each cylinder shall be equipped with an isolation valve capable of isolating the cylinder from the piping manifold. The
isolation valves shall be connected to a piping manifold that interconnects each cylinder to a common outlet valve and
connection.
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9.3.3.3 Protection from flame impingement

Cylinders shall be separated from each other by 1/4 in (6 mm) thick steel plates or other means designed to prevent
flame impingement from a silane release to an adjacent cylinder or valve.
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9.4  Pressure relief devices E<|BHvHE|

Individual tubes or cylinders shall be equipped with pressure relief devices per relevant national regulations and indus-
try standard. When multiple cylinders or tubes are grouped into a framework or other fixed system, the discharge from
pressure relief devices shall be directed away from adjacent containers within the group.
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9.4.1 Bulk source process gas panel

The silane bulk source process gas panel is used to regulate the pressure from silane bulk source storage systems
downstream to the VMB(s) that is (are) customarily installed inside the building where the material is used. The process
gas panel is typically an independent module mounted on a skid or independent frame. It consists of an arrangement of
isolation valves, pressure regulation controls, filtration equipment, excess flow control, and other shutoff controls. A
process heater is allowed to be used to prevent two phase flow where there are high flow demands and a Joule-
Thompson cooling effect is probable. See Figure 8.
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9.4.2 Location

The silane bulk source process gas panel shall be located outdoors.
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9.5 Valve manifold box & {1t &4 i A AR 4H(VMB)

VMBs are used in bulk distribution applications where there are multiple use points to be served by a single source. The
typical VMBs used for bulk sources are of the same design as those described for use with indoor installations. See
8.24.
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9.5.1 Location

VMBs used in conjunction with bulk source systems are allowed to be located indoors.
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PT35S L I AR 5 1) SR 0 B R B SH(VIMB), 2 AERT R BETA N

10 Piping and components & % 8 044

10.1  Piping system design &% &5kt

Piping systems shall be designed, constructed, examined, inspected, and tested in accordance with established and
recognized standards like ASME B31.3, Process Piping [14].
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10.1.1 Construction

Piping systems used for silane service shall be of metal construction.
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10.1.2 Piping connections

Connections in the piping system shall be in accordance with established and recognized standards like ASME B31.3
[14]. Welded connections are the required method of assembly where connections in the piping system are needed.
Exceptions are as follows:

— Face-seal fittings are allowed where connections are used for maintenance. Gaskets used with face-seal fittings
shall be constructed of metal. The number of unwelded mechanical fittings shall be kept to a minimum and shall be
secured in such a manner as to prevent leaks resulting from rotational or vibratory forces especially between the
cylinder valve and the connecting pigtail; and

— Threaded connections used on cylinder valves inserted into source cylinders.
BT

%‘?w’ﬁpu.érg FIPFEF SIS A2 ¢ ASME B31.3 [14].V 4
e R N L e S (][ 5

- B REfs lﬁﬁ; I/ﬁr}% , /uj[E:[FI P' fﬁ%ﬂ?' ) B EAEI -{aﬁ}%‘gp I/%J\H y 4 F[t L IPET o &'%ﬁ /)[;&ﬁl;ﬁ
(F o TR (SR > 7 5 S R (NGl s B 2 3PN R I Vi S SR 75? B

Tk

— SRPELIE S P R S B SRR -

—rm.

“ﬁ

10.1.3 Secondary containment

Secondary containment of piping systems shall not be required for piping used to convey silane or silane mixtures that
are neither toxic nor highly toxic. When secondary containment or coaxial piping or tubing is provided, the secondary
containment shall be of metal construction that is rated to contain the maximum pressure expected based on system
design under failure of the primary piping or tubing system.

When secondary containment is provided, the use of air as a means to purge the annular space between the primary
and secondary containment piping or tubing shall not be allowed due to the potential for an air/silane reaction and the
resultant fire, explosion, and/or the subsequent plugging of the annular space.
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10.1.4 Manifolding with gases other than silane
15 F 46 LAAM ) S 8 15 1
10.1.4.1 Manifolding at the source of supply

Silane shall not be piped into manifolds used to convey other process gases upstream of the point of use.
R IR SRV 2 1 T
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10.1.4.2 Manifolding at the point of use

Controls downstream of the first point of control within users’ facilities are outside of the scope of this standard. See
2.1.2. Safeguards internal to the process equipment are used to prevent the material from coming into contact with re-
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active gases until the right conditions are achieved. The use of a manifold to handle multiple gases at point-of-use
process equipment shall be the responsibility of the equipment manufacturer and/or the owner.
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10.1.43 Manifolding of vent gases

Silane and vent gases containing silane and an inert gas, e.g., nitrogen, from silane delivery systems or VMBs shall not
be piped into manifolds used to convey other process gases.
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10.1.5 Leak testing

Before initial operation and after the applicable examinations required by established and recognized standards like
ASME B31.3, piping systems shall be leak tested to ensure tightness [14]. Piping systems that have been modified
and/or repaired shall be tested as required for new installations.
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10.1.5.1 Test pressure

Test pressures shall be determined to enable the system to be assessed for leaks under the conditions of use expected
but not less than that specified by established and recognized standards like ASME B31.3 [14].
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10.1.5.2 Portions of the system subject to testing

Pressure testing of newly constructed systems shall include the entire piping system beginning from the source valves
at the point of supply. Portions of the system are allowed to be tested independently; however, the entire system is sub-
ject to pressure tests as required by established and recognized standards like the ASME code. Testing of the source
connection is required after each cylinder or container change.
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10.1.5.3 Test fluid

The test gas used for pneumatic testing, if not air, shall be nonflammable and nontoxic. Inert gases are customarily
used in conducting pneumatic pressure tests. Regardless of the test gas that is used to supply pneumatic pressure,
residual air or other oxidizing gases shall be removed from the piping system after the test is complete and before
charging the system with silane.
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10.1.6 Identification

Piping systems shall be marked, labeled, and identified in accordance with established and recognized standards like
ASME A13.1, Scheme for the Identification of Piping Systems as follows [15]:

— Markings used for piping systems shall consist of the content’s name and include a direction of flow arrow;
—  Markings or labels shall be provided:
— ateach valve
— atwall, floor, or ceiling penetrations
— at each change of direction; and
— At a minimum of every 20 ft (6.1 m) or fraction thereof throughout the piping run.
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10.2 Components Joft
10.2.1 Valves

Packed valves shall not be used since silane has a potential to autoignite when exposed to the atmosphere. Bellows
sealed valves and diaphragm sealed valves are allowed to be used in lieu of packless design. The selection of valves
or components with bonnet seals shall be of the type where the seal nuts or fittings are not able to be loosened or re-
moved from the component without tools. Valves shall be designed so that rotation of the manual valve handle against
its stop does not loosen the seal nut. Automatic actuated valves shall be of fail-safe or fail-closed design to protect
against the accidental flow of gas in the event of energy loss to the valve actuator.

fid

o FRE 2 1 P S AT B2 BE, AN AT LU R A (Packed). R 2 X% B4 [ (Bellowss) ¢ 5 X% 3 i (Diaphr
agm), DMACER R B st ISR 35 B U I soe i, A ZF0 B BRI sl 1R 22 U5, ANSHEIRA TR OL R
AR B A O B . T BRI R St A T BRI, AN G ERR A BRI . BB, Rt e Ay
SR P 2 it LAB S5 7E R (2 Bl e RE R TR, AN -

10.2.2 Backflow prevention

A means of protection shall be provided to prevent backflow and back diffusion of silane into portions of the piping sys-
tem that are designed to convey gases other than silane.
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10.2.2.1 Check valves

Check valves shall not be used as the sole means of control to prevent backflow. When used, check valves shall be
used to provide a means of redundant protection. Check valves shall be spring-opposed, positive shutoff type.

U
30 1k AN T A A K ME— TR . AT R, R 2 EE O T o b e A R R, 4 P
10.2.2.2 Regulators

Regulators shall be equipped with a metal diaphragm.
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10.2.2.3 Bonnet relief vents

Regulator bonnets shall be equipped with bonnet relief vents provided with an attached vent line or positioned to allow
silane to escape to a protected location in the event of a diaphragm leak or rupture. A means to detect a ruptured regu-
lator diaphragm shall also be provided. When bonnet relief vent lines are provided, they shall be sized not to restrict the
flow from the bonnet relief vent. See Section 14.
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10.2.3 ESO system

Silane delivery systems shall be provided with ESO systems that are able to be activated at each point of use and at
the source. ESO valves shall be located to be clearly visible and accessible. See Sections 6.4.3 and 7.11.2.
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10.2.3.1 Shutoff at source

A manual or automatic fail-safe ESO valve shall be installed on supply piping at the cylinder or bulk source.
SRS A SIRLY fUREEE o l%%%“ﬁ*/fwﬁ/ EJWE NARHe| Bebis 4
10.2.3.2 Shutoff at point of use

Shutoff systems provided to shut off the flow of gas at a designated VMB are allowed to be used as a means of ESO for
systems where distribution to multiple use points is involved.

A5 B
EXINF P TR 50 PR o3 R ARVSUAE (VMB) R P 5 V1 XL Sl 1) 13 b B ik V=
10.2.3.3 Marking

ESO valves and shutoff controls shall be identified by means of a sign.

B
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SRR SO P, AR Ty AR .

10.2.4 Restrictive flow orifice
10.2.4.1 Nonbulk sources

Silane source cylinder outlet valves shall be equipped with an RFO. The inside diameter of the RFO used on individual
cylinders shall not exceed 0.010 in (0.254 mm). Exceptions follow:

— source cylinders in the process of being filled or serviced to remove residual product; and

— cylinders in storage at the filling or distributor location equipped with a solid plug that forms a metal-to- metal gas-
tight seal at the valve outlet.

FR &%
AER RS

W PG R, S R s . FRAE ) Sk R8s AL ELAE, ANADE0.010 I (0.254 2R,
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10.2.4.2 Bulk sources

An RFO shall be placed in each outlet valve or in the outlet valve of the delivery manifold serving bulk source systems.
The inside diameter of the RFO used on outlet valves for individual cylinders of unmanifolded bulk sources shall not
exceed 0.125 in (3.175 mm) in diameter. For bulk source systems connected to a manifold, the outlet valve from the
manifold shall be limited-by-design with an effective orifice not exceeding 0.125 in (3.175 mm) in diameter. An excep-
tion is bulk sources equipped to service attended transfer operations.

PEEFRERIAZEMS Ass 7S 25181 HH 1 ) Bl K % AR et R T b 0 R b o RS SRS M v Pl ) 25 1 1 R A BV 2 AL
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10.2.5 Excess flow control

Means shall be provided to shut off the flow of silane due to a rupture of the piping system. Excess flow valves, control
devices, or the use of pressure and/or flow control systems are allowed. The use of a flow switch that activates an
automatic shutoff valve or an automatic positive shutoff device is allowed.
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sEAf s F'ﬂ%%ﬁ"éﬁéﬁ?“ EIEI*J%%%&JP“? E"Eﬁi*{fljﬁj%%‘@if;ﬂ °
10.2.5.1 Location of shutoff device

The shutoff device shall be located as close to the silane source as practicable.
W B ALE
THE T 2 R A P] R RO SELTAY T B SR o
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10.2.5.2 Venting of gas

Systems that incorporate the venting of gas in the system design shall be designed to vent the gas in a controlled man-
ner. See Section 14.

S HEIL
R B S, RGP 07 SRR . 2 14
10.2.5.3 System controls

The excess flow control device or system shall be capable of being manually reset once corrective action to the excess
flow condition has been taken.

ES et
S B PUERA P 708 PSS R i = TR
10.2.6 Overpressure protection

An overpressure relief device shall be used to protect silane delivery systems where the design pressure of the delivery
system is less than the supply source pressure and where, due to the gas capacity of the source, the system design
pressure is able to be exceeded. Sources of pressure to be considered shall include but not be limited to ambient influ-
ences, pressure oscillations and surges, improper operation of equipment, and failure of control devices.
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10.2.7 Static seals

In addition to chemical compatibility, gaskets, O-rings, and seals used in pressure-retaining components shall be suit-
able for the operating pressure and temperature of the system. When selecting polymeric materials, consideration shall
be given to the rate at which these materials mechanically extrude or thermally behave over time. Since these proper-
ties directly affect the ability of a seal to repeatedly perform positive containment during pressure or thermal cycling, the
selection of thin seals (1/32 in [<0.795 mm] or less) in these services is required. There shall be no thickness restriction
for metallic gaskets, seals, or metallic O-rings provided that the component is suitable for the operating pressure and
temperature of the system, and that it is constructed from metals having comparable thermal expansion characteristics
compared to the housing, flange, or valve body that it seals.

BRACSAIANE 2 b, B8P ORUER R B ) e AT RO (K B B, A P R IE ) S o RIS
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LAUR)e BT HE RS EOMIRE LI, HE T RO BRI KR E, AT

KR, 0 FLB R W] SRAR AR 300 s R R < B ORI LU B AR L

10.3  Support of piping systems’& ¥ R4 7 %
10.3.1 Method of piping support

Piping used to convey silane shall be supported in accordance with the requirements of national codes by supports de-
signed in accordance with established and recognized standards like ASME B31.3 [14]. Typical means for piping sys-
tem support includes the use of a supporting structure such as a cable tray, pipe trestle, or rack system.

RSB T3
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10.3.11 Minimum installation height

When piping is to be located in overhead support systems in a space that is occupied by operating personnel, it shall be
located at a height not less than 7 ft (2.1 m). Where vehicle access is required, the height shall permit clearance of ve-
hicular traffic.

SIS IS
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10.3.1.2 Piping containing other materials

Other process gas and/or chemical piping is allowed to be installed in the same trestle or racking system used to sup-
port the silane piping system.

FoAb) B e
ot BIRR SR BB S, SRR 222 [ BRSTHERY G B 1A SR SRR B

10.3.2 Alternate method of piping support

Silane piping installed through trenches or tunnels that are closed or sealed shall be contained within coaxial piping or
tubing systems in accordance with the requirements of 10.1.3. Protection from impact hazards shall be provided
through use of structural guards or bollards where the tubing enters or exits the tunnel or trench.

B SO R AT R
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11 Gas and flame detection 5 8% Eil -k 44 & 1]

11.1  Gas monitoring 5 B85
1.1.1 Outdoor locations

Gas monitoring is not required for outdoor storage or use installations.
EAMG P
FEAMA AT A AN 22 B R A B

11.1.2 Indoor locations

Indoor silane delivery systems shall be monitored for gas leaks using a gas monitoring system.
NG
5 NI HYGEAE I R 478 0 20 22 2B SR R AT I R 4t B A5 e A

11.1.3 Location of monitors

11.1.31 Exhaust ducts serving enclosures and cabinets

When gas monitoring is provided, sampling points shall be placed in the exhaust ventilation ducts serving enclosures
used to protect mechanical connections. Sampling points placed inside of exhaust ducts serving enclosures or cabinets

shall be located at a point not less than five duct diameters downstream of the point where the exhaust duct is con-
nected to the enclosure or cabinet.
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11.1.3.2 Areas without enclosures

When area gas monitoring systems are used, sampling points shall be within the room or area where silane delivery
systems or sources are located.

s P [a 32k
A7 B ] ™ 5B (R 1 SV o B VSR AR SRR A o
11.1.4 Sensing requirements
11.1.4.1 Monitoring within exhausted zones

When gas monitoring is provided within exhausted zones, the gas monitoring system shall initiate a warning at concen-
trations of 0.34% (25% of the LFL) or less.
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11.1.4.2 Monitoring outside of exhausted zones

When gas monitoring is provided outside of exhausted zones, the gas monitoring systems shall initiate a warning at
concentrations of 5 ppm (TLV-TWA) or less [7].

SRR AT
A5 P SRR A 85 S S i SR AR SR R A 2 P s AR 0 ZH5 A /N R R 5 ppm (TLV-TWA) s LU R [7]6

11.1.5 Shutdown requirements
ol i1
11.1.51 Monitors in ducts serving enclosures

Activation of the gas monitoring system shall shut off the flow of gas at the source or within the enclosure being moni-
tored when a concentration of greater than 0.34% (or 25% of the LFL) is detected.

Jah PH AR GOSN R 2
52 R0 (TS 00.34% (2SS IR0 B » 4 Bt | LRI AT k0 5 <
11.1.5.2 Monitors used for area monitoring
Activation of area monitors shall not require automatic shutdown of the system.
AR AR B SR 3
RV s ST PO 5 3085 AN RS 1 B D) B AR 55
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11.1.6 Alarms

Activation of the gas monitoring system shall initiate a local alarm and transmit a signal to a constantly attended loca-
tion so responsible parties will act on the alarm condition.

!
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11.2  Flame detection X J&{H ]
11.2.1 Outdoor systems

When silane delivery systems are located outdoors, an optical flame detection system approved for silane service shall
be located to detect fire in potential silane leak zones, e.g., cylinder support rack, cylinder packs, ISO modules, and
process and purge gas panels. Detectors used outdoors shall be approved for outdoor service and tested for immunity
to sunlight, arc welding, artificial area lighting, or stray sources of ultraviolet or infrared light that are able to inadver-
tently trip a detector.

FHPRSE

W B R AT 2B AN, AL SRR TR e A ] 2 e S s HA BRI AR T, DAY FR e ] eI s 4K 1
KNG BN SRR ISORIA . AR MW B R If s A P S A0 2 AR B A 2R R AL R J S Ml

I HASRIEASZ HDG. EEX:F N i S Y T, R 5 ) ) 2R S Al BT AP AR AT BT R AN A By 2
A,
11.2.2 Indoor systems

An optical flame detection system shall be provided in rooms or areas where silane delivery systems are used. The
flame detection system shall be approved for silane service. The flame detection system shall be located in accordance
with 11.2.2.1 through 11.2.2.3 as appropriate. Optical flame detectors used indoors shall be tested for immunity to arc
welding, artificial area lighting, or stray sources that are able to inadvertently trip a detector. Alternatively, a temperature
switch placed directly above individual gas cylinders is allowed to be used in lieu of the optical flame detection system.
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11.2.21 Outside of gas cabinets

Optical flame detection systems shall be provided to detect a fire at potential leak points on the delivery system. Cover-
age shall be provided to address container connections, process gas and purge gas panels, and other potential leak
points where unwelded fittings or connections are used.
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11.2.2.2 Inside gas cabinets

An optical flame detection system shall be provided inside of gas cabinets to detect a fire within the cabinet.
SRMREE N 48
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11.2.2.3 Inside VMBs

An optical flame detection system shall be provided inside of VMBs to detect a fire within the VMB.
SRS L IE S AR B AH (VMB) I 36

S 73 AR B A (VMB) A S s 2 22 O B QA I AR B8, DAL SR (L JEE 20 SO/ 4H (VMB) TN KA
11.2.3 Shutdown requirements

Automatic shutdown of the silane delivery system is required whenever flame detection occurs. Whenever a shutdown
action occurs as the result of optical flame detection, an alarm shall be transmitted to a constantly attended location on
the premises so responsible parties will act on the alarm condition.
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12 Fire protection system i[5 &%t

121  General —f%

Do not attempt to extinguish a silane flame. Shutting off the source of the gas is the preferred method of control. If
shutdown is not practicable, let the fire burn until the container is either determined to be empty or the flame decreases
to a point where shutoff is able to be achieved without endangering personnel. The container and associated equipment
involved in a silane fire shall be cooled and the silane source isolated. Halogenated hydrocarbon fire extinguishers such
as Halon™ or similar systems shall not be used on silane fires. Silane will react with Halon chemicals. The reaction
has the potential to be violent. Fire extinguishing agents designed to deplete oxygen such as carbon dioxide shall not
be used.
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12.2  Outdoor systems S/ R4k
12.2.1 Deluge system

A manually activated deluge water spray fire protection system shall be provided to protect bulk silane delivery sys-
tems. In the event of fire, silane bulk sources shall be cooled if the source cannot be shut off since the continued leak-
ing of silane is able to result in an explosion if the container ruptures.
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12.2.1.1 Manual activation

Automatic deluge systems are allowed as an option to manual activation; however, automatic systems shall not be re-
quired.
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12.21.2 System installation—seismic considerations

Systems shall be designed and installed in accordance with national codes. The system shall be designed to resist
seismic forces.

R - ME% &
REUET M E WA G E WAL R, RETREET AR AR R R
12.213 Design density

The deluge system shall provide a minimum density of 0.30 gallons per minute per square foot (gpm/ft?)
(12 liters per minute per square meter [I[pm/m?]) for a minimum of a 2-hour duration over the external container surface
areas including the silane cylinders, bulk containers, and process gas panels. The water spray shall be directed toward
the walls of the containers for cooling as well as the valves and piping connections that represent a potential location for
a leak to propagate.
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12.2.1.4 Materials of construction

Sprinkler system piping shall be of metal construction. Joints used in the piping system shall be threaded or welded
fittings. Clamped fittings with elastomeric seals shall not be used in portions of the system that are installed within 50 ft
(15 m) of the silane bulk source.
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12.2.1.5 Automatic shutdown

Activation of the water deluge system shall shut off the flow of gas at the bulk source.
SEUR)
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12.2.2 Protection of structures

When the outdoor installation is located beneath a roof or canopy constructed as weather protection under the require-
ments of 6.2.1.1.2, an automatic fire extinguishing system shall be provided. The system design shall be not less than
Extra Hazard Group 2 with a minimum design area of 2500 ft* (232 m?). For more information, see NFPA 13, Installa-
tion of Sprinkler Systems [16] or equivalent national fire codes.
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12.2.3 Fire hydrants

A fire hydrant shall be located not greater than 150 ft (46 m) from a silane supply container.
el
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12.3  Indoor systems E N &4
12.3.1 Gas cabinet sprinkler systems

Gas cabinets shall be provided with an automatic sprinkler equipped with a quick response sprinkler head positioned to
keep the source cylinder cool but not to extinguish a fire in the cabinet. Water extinguishing systems shall be provided.
Alternate fire extinguishing systems shall not be used.

SUMME K R 458
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12.3.2 Area sprinkler systems

Indoor rooms or areas where silane is stored or used shall be protected by an automatic sprinkler system. The design
of the sprinkler system in storage rooms shall not be less than Extra Hazard Group 1 with a minimum design area of
2500 ft* (232 m?). See NFPA 13 [16 or equivalent national fire codes].

[ 1 3 K AR A58
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13 Ventilation systems i# A & %;

13.1  Outdoor systems E4 R &%
13.1.1 Air flow requirements

Natural ventilation is allowed for outdoor storage and use installations providing the space is unconfined. See 3.20.1.
An exception to this is when confined as described by 6.2.1.1.1, mechanical ventilation shall be provided in accordance
with the requirements of 13.2.2.

FAMAF A TR, N B HIARZ R (22 163.20.1), FTRMEA] AAREJE . 6.2.1.1.1FTRGA 152 Jm B 22 W] 2 451 M
D0, FEIEMNE D 1 0 2K H5 13, 2. 2/ R s B o

13.1.2 Spacing between equipment

System design shall allow for the unrestricted natural flow of air between equipment to prevent accumulation of gas in
the event of a silane release. See 6.2.1.1.
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13.2  Indoor systems % [N &4

A continuous mechanical exhaust ventilation system shall be provided in locations where cylinders are stored or con-
nected for use.
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13.2.1 Ventilation rate

Where silane is stored or used in a room without being placed in a gas cabinet or an exhausted enclosure, the room
itself shall be exhausted at not less than 1 cubic foot per minute per square foot (300 Ipm/m?) of floor area or six
changes per hour, whichever is greater.

A supply of outside air shall be used to replace the air removed by the mechanical exhaust system. The pressure in the
room shall be maintained negative to the surrounding space.
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13.2.2 System air flow requirement for unenclosed indoor installations

Containers connected for use located outside of gas cabinets or exhausted enclosures shall be provided with a me-
chanical ventilation system designed to dilute potential leakage from mechanical connections. The ventilation system
shall direct a source of air across unwelded mechanical connections at a velocity of not less than 150 ft/min (0.8 me-
ter/s). Recirculated air shall not be used as the source of forced, induced, or captured air to be directed across me-
chanical connections. System design shall promote ventilated airflow so the allotted spacing between equipment will
not cause a restriction in the airflow in the event of a silane release.
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13.2.3 System air flow requirement for ventilated enclosures, exhausted enclosures, and gas cabinets

Exhaust ventilation shall be used to prevent accumulation of silane resulting from a leak and to limit silane leak concen-
trations not more than 25% of the LFL(LEL). The LFL for silane under atmospheric conditions has been established as
1.37% by volume. The use of 25% of LFL results in a maximum concentration of 0.34% thereby providing a safety fac-
tor of four to one (4:1).
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13.2.3.1 Determining minimum volumetric air flow

The minimum volumetric flow rate of ventilation air shall be in accordance with 13.2.3.1.
TRTE B/ N R BB 25 S AL T

T/ R JE 2 S R R AR A T 5 13.2.3. 1K

13.2.3.1.1 Standard silane volumetric flow rate, unattended operations

The standard silane volumetric flow rate for unattended operations shall be determined by the maximum flow rate of
silane that can be discharged from the piping system into the enclosure. The flow rate is determined by the size of the
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RFO in the discharge line or cylinder valve at the maximum silane source pressure. For concentrations of silane less
than a nominal 100%, the standard silane volumetric flow shall be determined based on the mole or volume fraction of
silane present in the supply source. The minimum volumetric flow rate of air ventilation across unwelded fittings and
connections at the silane source cylinder or the piping system shall not be less than the maximum silane volumetric
flow rate multiplied by 300. For gas cabinets, the maximum silane volumetric flow rate is determined by the maximum
flow through an RFO with a maximum source pressure on the inlet and 1 atmosphere on the outlet. This assumes a
rupture of the connecting tubing or piping between the cylinder valve and the first point of pressure control within the
delivery system. For a VMB or other enclosure, the maximum silane flow into the enclosure must be determined. The
use of an RFO in the piping feeding the enclosure can be used to restrict the maximum flow into the enclosure.

Where mixtures of silane and other pyrophoric gases are present, the standard silane volumetric flow rate shall be de-
termined by assuming that the combination of silane and other pyrophoric components is all silane. For typical flows
see Table 5.
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13.2.3.1.2 Minimum volumetric air flow rate for cabinets and enclosures, unattended operations

Table 5 illustrates the minimum volumetric flow rate of air as a function of RFO size and source pressure for four spe-
cific orifices typical of those used in conjunction with gas cabinets and VMBs. Regardless of the orifice used, the mini-
mum volumetric flow rate of dilution air shall not be less than the standard silane volumetric flow rate multiplied by 300.
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13.2.3.1.3 Standard silane volumetric flow rate, attended transfer operations

The standard silane volumetric flow rate used for attended transfer operations shall be determined by assuming dis-
charge from a valve or fitting under the maximum silane source pressure through an opening with an RFO equivalent
diameter of 0.006 in (0.15 mm). The RFO equivalent diameter shall be used to determine a theoretical leak recognizing
that cylinders in the process of being filled or processed are not equipped with an RFO. For typical flows see Table 6.

FRYERY R, A 2R I e A

FH P8 A 7 T 7 A (PR MERY PR e BRI, R R AE S5 R FH B SR RE 77 1 2k B R P sl SRS I )k T8O 48— 18 45°0.00
6in (0.15mm) .

AHEE A I PR BH 1 o 76T 70 e SR A (1 SR 0 R BL A PRV AS A AF T, A3 AR S5 AR 1) BRTRRRIE Bl P 2le e B G L -
B LT A, 2 K6
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Table 5—Minimum ventilation volumetric flow rate for gas cabinets and VMBs, unattended operations

Typical gas cabinet RFO | Typical gas cabinet RFO Typical VMB RFO Typical VMB RFO
0.006 in diameter 0.010 in diameter 0.014 in diameter 0.020 in diameter
sr::srﬁ(:e (0.15 mm diameter) (0.25 mm diameter) (0.36 mm diameter) (0.51 mm diameter)
p(psig) Silane Ventilation Silane Ventilation Silane Ventilation Silane Ventilation
flow flow flow flow flow flow flow flow
(scfm) (scfm) (scfm) (scfm) (scfm) (scfm) (scfm) (scfm)
50 0.025 8 0.069 21 0.136 41 0.288 86
100 0.045 14 0.124 37 0.243 73 0.497 149
200 0.085 26 0.237 71 0.465 140 0.949 285
400 0.173 52 0.480 144
600 0.275 83 0.755 227
800 0.395 119 1.08 324
1000 0.555 167 1.51 453
1200 0.724 217 1.97 591
1500 0.913 274 2.50 750
1650 0.987 296 2.70 810
NOTES
1 Silane source temperature is 75 °F (24 °C).
2 RFO downstream pressure is 0 psig.
3 RFO discharge coefficient is 0.8.
4 To convert standard cubic feet per minute (scfm) to standard liters per minute (slpm), multiply by 28.32.
5 To convert psig to kPa, multiply by 6.895.
FEEERS5 MR B SR BB LB ) BUAS AR (VMB) B3 /1N BV BB AR, T Bk
KRR S HAY ) SRR FRTRS HLAY ) SRR FRTRS HAIVMB [ERER BAAVMB [EFES
(psig) E4£0.006 I+ E1%0.010 i E1%0.014 0 E1%0.020 AF
(E1%0.15 D (E1%0.2508 (E1%0.36 48 (%0518
WHGRE | AR B H R WEME | PHERE | BEARE | pRRRE | SRRE
(scfm) (scfm) (scfm) (scfm) (scfm) (scfm) (scfm) (scfm)
50 0.025 8 0.069 21 0.136 41 0.288 86
100 0.045 14 0.124 37 0.243 73 0.497 149
200 0.085 26 0.237 71 0.465 140 0.949 285
400 0.173 52 0.480 144
600 0.275 83 0.755 227
800 0.395 119 1.08 324
1000 0.555 167 1.51 453
1200 0.724 217 1.97 591
1500 0.913 274 2.50 750
1650 0.987 296 2.70 810

1 W SR IR 4 75°F (24°C)

2 PERES MR ) 440 psige.

3 PR BURE440.8.

4 WO SRR MENT 08 R (scfm) SR R 4 SRAEME AT (slpm) , 3R LL28.32,
5 #KipsigidifipiikPa, [EIELL6.895.
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Table 6—Minimum ventilation volumetric flow rate for exhausted enclosures, attended operations

RFO equivalent
0.006 in diameter
Source pressure (0.15 mm diameter)

(psig) Silane flow Ventilation flow

(scfm) (scfm)

50 0.025 8

100 0.045 14

200 0.085 26

400 0.173 52

600 0.275 83

800 0.406 122

1000 0.568 170

1200 0.711 213

1500 0.852 256

1650 0.917 275

#*6 HPXHRERENR/NEAMBERE, LERME

FHE P E£0.006 I (H{%0.15 D KSR
SIUER Ty (psigd W H e BRI
(scfm) (scfm)
50 0.025 8
100 0.045 14
200 0.085 26
400 0.173 52
600 0.275 83
800 0.406 122
1000 0.568 170
1200 0.711 213
1500 0.852 256
1650 0.917 275
13.2.31.4 Minimum volumetric flow rate for exhausted enclosures, attended transfer operations

Table 6 illustrates the minimum volumetric flow rate of air as a function of an RFO equivalent diameter and source
pressure. The minimum volumetric flow rate of dilution air shall not be less than the standard silane volumetric flow rate

multiplied by 300.
B P ACHR SRR B 1 B SRR R, A 2 I AR R A
6] T U R I 5 5 ) PSR ) B, T DRI R 2 o MR A T
14 e B RE AL (13001
13.2.3.2 Ventilation system design (pocketing)

Ventilation within enclosures shall be designed to eliminate dead zones and pocketing at potential leak sites.
TR RS RET GRS E D
B PH R0 N IR RS 0 25 R 25 B £ I S0 1 2 A RSB B
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13.2.4 Ventilation monitoring

Exhaust from gas cabinets, VMBs, exhausted enclosures, or room ventilation exhaust ducts shall be monitored to de-
tect a failure in the ventilation system.

Sy

SRR SR UM BT (VMB) - 3t P 3SR SR (RS s B %, AL SR R A e 15
.

13.2.41 Loss of ventilation alarm

A failure in the ventilation system shall activate an alarm. Activation of the alarm shall initiate a local alarm and transmit
a signal to a remotely located constantly attended location.

R R
R AR BRI AR B, e AR BB, KRR SR A B AT A AE S I

13.2.4.2 Isolation of gas supply

Loss of the ventilation system in gas filling rooms shall automatically cause the source of silane supply to be isolated
from filling manifolds.

SRR I
FESHE FE U AT R BRI 628 B BB BERY e (I S B e SF U 1

14 Venting and treatment HEj5Ba g 3

141 General —f

Requirements for venting and treatment of silane shall be limited to silane that is vented from process gas panels,
VMBS, piping or equipment within the scope of this standard. See 2.1.2.

TR VSRR R s S R P SO SR T RS (VMB) ~ FT8 AR o e
ElffF‘}/Fl [»{?ﬁ’ o %EI%J{ZIZ °

14.2 Disposal options & Fi%#%

The majority of hazards associated with the use of a pyrophoric gas are fires or explosions. These hazards shall be
analyzed when selecting a method of treatment for silane that will be released into the atmosphere during emergencies
or when systems are purged. A number of methods of treatment are able to be used to reduce the risk of fire or explo-
sion and still meet environmental protection requirements. Dilution with an inert gas followed by open-air disposal is one
of the simplest methods when silane is not mixed with a toxic gas. This method is allowed to be used to dispose of
small quantities of silane required at times when systems are purged of residual material. For example, the material left
in a connecting pigtail that is purged before changing a cylinder can be vented without endangering personnel when
well diluted. When dilution is not used, thermal oxidation or radio frequency (RF) plasma treatment, wet scrubbing with
caustic soda, or other reactive media are allowable options.

USROS AL S SRR R S R
AR Al Y OO el L gt sy ofeSoa T | i i

Ifﬂv*ﬁ‘ﬁfﬁi i"ﬁ‘“ l“’“lfﬂ"ﬁ“ﬁﬁ RS S DR P38 S e Sileail
fio ] F/E RO % - |7JZ/D’EI}Z\%#?F'JMHIFA ﬁzﬁm. SHE A R TE ARE #E&w Tfﬁf it
mrwozjw i it TR P TR R B R A P et RS-
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14.3  Treatment system requirements E¥ A E R

Treatment systems shall be designed for the use intended. They shall be designed to react with any silane or dilute it to
allowable levels so it can be discharged without endangering facilities or personnel. The treatment system shall have
the capacity to treat the flow of silane and any components of its mixtures expected under both operational and upset
conditions. The potential presence of incompatible gases mixing in the treatment system shall be analyzed to ensure
that the design will prevent an unanticipated chemical reaction that will result in an uncontrolled fire, explosion, or the
release of a toxic gas. Inert gases shall be allowed to be used as a means to shield the silane from atmospheric oxy-
gen.

Ji B AR A A R VI I I o 8 L8 R AR SR BEAUAT AT 07 R o e 7B S B, BIORERY e i e 21 ml R TR HLAS 7 1 e s
NEIIRESE o p PR A0 1) 75 T R i PR A AT S IR0 T YR (R R e B FCIR 3 WA T ke RO R o T REAE AR A
TR AN B SRR 75 ) 0 ZEHEAT S AT 70 W DATHEOR ZR AE PR ) LGRE St AN FRIYT ) A 52 s I PT35S0 1) VS 2 K 58 e
BRPESRHS IR PSR HE AT ST Y LA B SR (K 4R B R o o

14.4  Direct venting into exhaust ducts 5|58 B H R B HER B B

Silane shall not be introduced into exhaust ventilation systems in concentrations that produce a fire or explosion within
the exhaust system. A fire or explosion can occur due to autoignition of the silane itself, from the ignition of other flam-
mables, or from a chemical reaction with incompatible materials within the exhaust system. When the ignition effects of
silane in air is the only concern, the maximum permissible concentration allowed to be released into the duct system
shall not be greater than 25% of the LFL or 0.34%. When exhaust systems have the potential to contain other gases or
vapors, treatment systems to remove the other gases or vapors shall be provided so the discharge from the exhaust
system meets the requirements of national regulations. See 4.3.1.

5 | S S SR JEUAR S8 A7 R e B ZEAN B L B SR AR AT N A SR, AEHR SRR B0 K St 1) 2 74w RE AR
W TBEA L (K] R AR P B AR e SR A AN R A0 B PR A 5 S

UEZS R RS FGEAE A3 SR P R IK S 8, DRI SRV 1 AR S0E 1A o K SO I S AN 3 L ABE ORI 26 %6, JRENN0.34%
EHER RG] R TSR B Ry, B B AR AT 2 AT DL B LA S sV, S R B RE AT 5 M
ok, 2M4.3.1,

14.5 Dedicated process vent Z /) S HE

Vent lines used for silane to be discharged from process gas panels shall be dedicated to lines that are used exclu-
sively for silane service. Purging of silane vent lines is required to eliminate atmospheric oxygen from migrating into the
silane vent system.

SRR M 1 DAHETEORY e R HE TS B I SO RS A3, Ry T BRI NS e HETC R SR IR RS P I S5 IR AT Y
FRHE HETBORT B PR o

14.5.1 Continuous purge

Vent lines shall be purged continuously with an inert gas to prevent atmospheric oxygen from entering in the vent line
with the vent line discharge directed to a treatment system. See 14.2. The minimum velocity of purge gas in the vent
line system shall be 1 ft/s (0.3 m/s).

FREER

FIETACE i R AR P S, DA b FIETSCEY Bt IR TR SRR 35 N Bl B AR 450 P IR RSSO NI B . 22 14,2
o HETBCE T IR SRR B N L ZH 2 1 IRED (0.3 RUFY
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14.5.2 Restrictions in vent lines

Vent lines shall be designed for minimum pressure drop by minimizing the use of restrictions including elbows and simi-
lar fittings or reductions in the size of vent. When multiport vent line manifolds, silencers, or scrubbers are used, their
contribution to vent line backpressure shall be analyzed. Isolation valves shall not be installed downstream of the purge
line connection in the vent line.

FIESRUE % (¥ BHLBE
FIETBOET 6 (1R 6 ZEURE BELBRE P 2 e 1 DA R e o 8 e /) - A S8 RSB B 48R/ S5 o AT 2 Sl s R Y

BT VA BRI, A BT T RE A SRR TR, R T i B TR OB R AN T 2 A R R

14.5.3 Vent gas supply

The use of an inert gas such as nitrogen from nondedicated house gas supply systems is allowed providing the vent
line system is continuously vented to atmosphere or otherwise arranged to preclude either the backflow of air or the
development of backpressure at the point where the vent line is discharged. A purge gas flow with a minimum velocity
of 1 ft/s (0.3 m/s) is required.

HEBS R L

A5 P A 1 A S 11 I SR A AR 268 10 1 S A SSRUR HIR Y it P ST B RS, DU EA ) s e, A HkK
I P HIE TSRS AN i A 23 S R A B I PR SRR AR o ISR 1) /N A S IR (0.3 2ARUFY)

15 Purge gas system /IR E R G
15.1  Purging of the delivery system #fii% R &L Ik

Portions of the silane delivery system that will contain silane shall be purged with an inert or other gas to displace en-
trained air or other gases that will react under the conditions of use anticipated before the introduction of silane. The
use of vacuum as the sole means to remove residual gases that may be entrained within the delivery system shall not
be allowed. Vacuum systems shall be used in conjunction with a purge gas to rid the system of undesired atmospheres.
Purging of the system shall be by manual or automatic means.

FENRY W2 T, 5 e linIE R Gl ny FF e ) 38 70 M A P A 1 S e A S B, DUEHAE B o 1) 2 SR et T
WIEAEHDIRYC T & BLIL S 500, AT 0o B AR ME— 1R 73k DL L Bk AR A58 b vl REBRE B R S AN L F . SR
S ZETC A PSR B DA BRI R 8 FPAN T RS, AR B IR 250 T Bk A B 1K) 5 s

15.2 Dedicated purge source EFMWIREIR

Purge gas used for the purging of silane delivery system piping and components shall be supplied from a dedicated
inert gas supply source. A purge gas manifold shall be provided when one inert purge gas cylinder or supply is used as
the common purge gas source for multiple silane systems.

PR VS R 205 (RO S ) P O IR e o % P 5 L i
e SRR (U0 RR - T 5 BB

15.2.1 Limitations on source of purge gas

House gas supplies shall not be used for purging silane delivery systems due to the risk of back flow into the house gas
supply. An exception is made for vent lines from process gas panels when in accordance with the requirements of 14.5.

TSR ) PR A

ANRTAE 23 PSR B S I AT RS e ik AR AP, AL AT 10 210 28 R SR O 0 B o (H AN 5 75 4514 .5 2R I ]
L R S 0 T 5
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15.2.2 Protection of the purge gas source

The purge gas source shall be provided with controls to prevent silane from entering the purge gas supply. See Figure
9.

SRR ) Pk

TSRS SR U RO T TR, AT LY e N SRl . 22 JRE O

Inert Silane || /IR ERTCZIET148])
vent lﬁ[‘??‘?ﬂ#ﬁf? (See Se}:,ti'r':":m)
PSV10
3 S £
T
cv Purge header f
E 1/4 in
— b b b ok & &
1/4 in (6 mm) face seal connections
for purge lines to silane process panels
Vil (6. EDEEEL 5%
inert oS L= .
ine e 2 Gyl
cylinder [%J;%;;: proc%ssﬁpgnels

NOTE—The purge gas panel is allowed to be connected to one or more process gas panels with the purge header. Figure 9 has
been provided to illustrate the concepts described in the text of the standard. The figure is schematic in nature. It is neither to be in-
terpreted as a design document nor is it intended to restrict alternate designs. For instrument nomenclature, see Figure 1.

Abe RS BE I AT AT PR ) — R 2 (A RS M . (RO AR AR YE ST I A . [ R A B 2, AL
A Ryt SCPF RO ARORE O S BRI A AR o BRI, w2 Bl 1.

Figure 9—Inert purge gas flow schematic

B 9 — TR S R AR
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15.3 Controls 354l

The inert gas purge system shall be equipped with a dedicated inert gas supply or source, a pressure regulator, an
overpressure relief device, a check valve, and a low purge gas pressure alarm system.

P PESUHI R B E A S IS P B O M SRR . ROk R R, DL AW IR R R S
15.3.1 Backflow prevention

Backflow prevention shall be provided on purge gas supply lines to ensure that a potential backflow of silane does not
contaminate the dedicated purge gas source. The check valve (CV) and pressure relief valve (PSV10) shown in Figure
9 are used as safeguards to prevent a silane backflow if that silane is fed back into the purge gas system. The PSV10
serves as a redundant feature to protect the CV from overpressure. Electronic interlocks and engineering controls are
allowed to be used to prevent backflow. One example is to automatically isolate the purge process if the purge gas
pressure is at or below the silane source pressure.

Ui NIS

R RECRRY HGE ) T REIE AN 75 G ST R IOR AR, A E T IR B 4 %ﬁﬁ%L%&%iﬁim@‘?m%%o EHCLEERIN
(Fai ik (CV) MUBEEERY (PSVA0) #/HAE R i i, LARER 1R FBeddt it n [ A R 8. PSV10EIEE—
FORAESEE, LA SR R (. I A TR 7 i mT AC A Bl 1R TlfﬁlJ?foﬂP WOR SR )
i BT A e U R ) B 1 B e A

15.3.2 Low pressure alarm

A low pressure alarm system shall be provided to indicate low pressure on the purge gas source of supply. Indication of
a low pressure condition shall activate an audio and/or visual local alarm. Low pressure shall be determined by the sys-
tem designer and is dependent in part with performance of the system. The primary purpose of purge gas source is to
purge atmospheric gases from the system and low pressure is determined to be a pressure less than that required for
operation of the system. When purge gas is used for purposes of leak checking the system, the minimum purge gas
pressure shall not be less than the highest pressure that the component being leak checked will be exposed to under
operating conditions.

R JIR A 4
ELApre T S i B s TR o R EI%TFI [EIE ri?ﬁ“' %LP‘?EJE? e §F°?T’§*J%?7V/ﬁ‘/ﬂ}fl?ﬁl VB
O REY G SRS %ﬁ#’£WEWOWWwaﬁwﬂ@PWiWW&+ﬁw*ww?’
T (SR {4 %ﬁf’?gjﬁlﬂ VL]0 o I S0 PR S R TR IO T R T ST R
[T {7 rﬁgé (ST K] ST et iy ]

15.3.3 Pneumatic line source

An inert gas or supply of clean compressed air is required for the operation of pneumatic valves used to operate the
purge gas system. Although interruption of the inert gas or compressed air supply ordinarily poses no threat to con-
tamination of the silane system, overpressurization of valve operators is of concern. The pneumatic supply pressure
shall be pressure regulated and overpressure protection shall be provided to protect the system component with the
lowest working pressure in the system served.

SRR B A
SBAPRE SO RPN HEER AR R R SRR £ 0
g IEJJ;T AV 'ﬁiﬁ%«lﬂ’?‘f%  + ERIFEASE (S RGO TIRE - 5 i s e oty - =
%%ﬂwihw"ﬁ”Bwfw e [ (R (A [
15.4  Vacuum generator purge gas source .75z 4 287 R A B8 R IR

When vacuum generators or vacuum venturis are used to produce the vacuum needed for evacuation/purge cycles in
silane systems, nitrogen or other inert gas shall be used to provide the motive force necessary to generate the vacuum.
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Vacuum venturis require high volumetric flow rates (~100 Ipm) supplied at modest pressures (~100 psig [690 kPa]) to
generate the vacuum needed for clearing systems of silane. See Figure 5.

FEAE P B2 AR 2R B IR BL R (vacuum venturis)

A& A H e B 0 A A R BT e R LA R, A T RS I P M SR A B i R U Pl B ) . SO
A EACIEE N (~100 psig (690 kPa) ) A i fam#E (~100 lpm) , A fEE APy H

PEARBPTT R I . 2 M E5.

15.4.1 Source of purge gas used for vacuum venturi systems

The use of facility or house nitrogen shall be allowed as a means to operate vacuum venturi systems connected to the
silane venting system. See 14.5.

FHA S A AR IR R S B SR
- E@K/E"rfm%i‘ T fﬁ?ﬂﬁﬁf?ﬁﬁ' VS PH SR pud Z‘“”’E{T%ﬁﬁ“\ﬁﬁfjiiﬁ o éfE’F'{’ 14.5 -
15.4.2 Backflow prevention at venturi supply

When inert house gas supplies are used to operate vacuum venturi systems, the house gas supply system shall be
protected against backflow with a check valve and a pressure relief device located at the connection where the inert
gas source is introduced to the vacuum venturi. See Figure 5.

SCRE A AL 1k
HAETE 2 SR U AR AR SO L3 4 R ey, BT P SR AU 5 | N S TR R 2 7 T i 00 1 - ) ORI
BEE, DABHIEA RIS ILE R G A . 2 5.

16 Electrical requirements EREXK

16.1  General —f%

Electrical systems and components shall comply with the equivalent national standard that meets the requirements of
the United States National Electrical Code® (NEC) [17]. In case of use of the NEC code, regardless of the provisions in
NEC Section 500-2 that allow the use of unclassified electrical equipment where pyrophoric materials are used, electri-
cal equipment shall be classified in accordance with the requirements of Tables 7 and 8.

TRRE MU ER & B K 4 (National Electrical Code® » NEC) [17]. AN#NEC#5500-2 i (57 &
CRFFAEAE ] EBRPERA B B AT IR 0 SRR SR R M) SRR i 1 AR R 7 S R8I Bk 2k 40 S
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Table 7—Indoor electrical requirements for silane systems containing silane in
concentrations exceeding 1.37% by volume

Indoor Classification Conduit seals Purging of Uninterruptible power
installations control enclosure supply (UPS)
Where electrical enclo- Unclassified Per NEC 501-5(b). Purging of the electrical A UPS system shall be
sure interfaces with a ) " control panel cabinet is provided for required con-
gas cabinet. Conduits used to join @ | required. Purging is al- trols that are electrically
control box to a gas lowed to be by means of an | powered, i.e., gas monitor-
cabinet shall be sealed. | jnert gas or fresh air sup- | ing system, fire detection
ply. system, etc. Mechanical

Within gas cabinets.

Class I, Division 2

Per NEC 501-5(b).

Conduits used to join a
control box to a gas
cabinet shall be sealed.

systems shall be provided
with an emergency power
system in lieu of UPS.

Where electrical enclo-

Class |, Division 2

sures are located within | within 5 ft (1.5 m) of
5 ft (1.5 m) of unwelded | enclosure

silane pipe fittings.

Conduit seals are re-
quired on the electrical
enclosure side of the
conduit.

Air intakes for the fresh air | The required controls shall
supply shall be located to remain powered through a
prevent migration of unre- [ power failure or a control-
acted silane into the con- ler shutdown.

troller.

Where other hazardous | As required for
gases are in the vicinity. |other gases in ac-

cordance with NEC
Section 500-2.

Conduit seals are re-
quired on the electrical
enclosure side of the
conduit.

If gases in the area
require classification
then conduit seals shall
be per requirement of
NEC classification.

Additional purging if re-
quired per electrical classi-
fication.

KT WHSREEEMBEI.37T%HY PR ARG ENERER

e 58 BREEY Pt B Rk THEAS (UPS)
SORMER AU | R HENEC 501-5(b) AR T 0 28 R B AT R
ik FHLL B P A BN | e, 5, CLFRSR B R A
() A O TR PSR EORT | KSR B B
0 2 SR AR AT ARG, WRIRAE
SROMRE Y S, 2 | MRIENEC 501-5(b) REAIARUPS.
4 FHT s 2 i 2 A B
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THEROATE | (e EAS | fodoa BRI AR | iR DRI O | DB b el 2
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AR N 148, 244
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Table 8—Outdoor electrical requirements—silane systems containing silane in concentrations
exceeding 1.37% by volume

Outdoor
installations

Classification

Conduit seals

Purging of
control enclosure

Uninterruptible power
supply (UPS)

General

Classified Class |, Divi-
sion 2 within 5 ft

(1.5 m) of points of
connection, otherwise
unclassified.

Conduit seals are allowed
to be used; however, they
do not always function as
intended since silane is
capable of dispersing into
the surrounding area.

Where other hazard-
ous gases are in the
vicinity.

Other gases in the area
are able to require
classification per NEC
Section 500-2.

If other gases in the
area require classifica-
tion then the area shall
be classified.

If gases in the area re-
quire electrical classifica-
tion then conduit seals
shall be as required by
the NEC.

Purging of the electrical
control panel cabinet is
required when panels are
located within 5 ft (1.5m) of
points of connection to the
gas distribution system.
Purged enclosures shall be
in accordance with the re-
quirements of NFPA 496,
Standard for Purged and
Pressurized Enclosures for
Electrical Equipment [18].

A UPS system shall be
provided for required
controls that are electri-
cally powered, i.e., fire
detection systems, etc.

These devices shall re-
main powered through a
power failure or a con-
troller shutdown.

Mechanical systems
shall be provided with an
emergency power sys-
tem in lieu of UPS.

K8 W HSREEEMRIL.37T% R P RS A ERER

Gt S B LA AR

HETT 2L, K
IR B

B4 Pk EHRERH ERIFEHARMR | AEERS (UPS)
— ERTHERGS R (1.5 | AR BT L] | PR I MR A A | TR T S R AN B
DR INAH1HE, R ARESHETEN] | RGATEEEES | WAL, WS
S28, LERARE | ThAE, AR L |IR (1587 WK, | &RE%.
RESR LRI [ ek, | S8 thl T B A 5 Ep
o PR A G | RV T ) e kA )
NFPA 496 [ &4 | MR, B2
TRVRRA IR ) A Dy ZRAERY T
] Esk (18) .
BHAMM RS,
HLEEATE ) RBUREL
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16.2  Indoor electrical systems N ER KL

Electrical equipment in indoor areas where silane systems are located shall be in accordance with the requirements of
Table 7.

PV ke g T B il e R TR -
16.3  Outdoor electrical systems S5 EHR RS

Electrical equipment in outdoor areas where silane systems are located shall be in accordance with the requirements of
Table 8. Bulk sources shall be grounded to earth before and during connection to the silane delivery system.

187 FRUE ZR A0 PIT A (¥ 5 A it ok 1) S S e JEB AT £ R BINI R o KSR ST 4 B RY H G ik AR AR 2 T S 2 ] s 25

17 Fundamental supervisory control requirements Z7s B B H| 2k

17.1  Indoor requirements & NER
Supervisory control systems for silane delivery systems used indoors shall be in accordance with Table 9.
S R VRS R R A R A ROR R -

17.2  Outdoor requirements 4P E sk

Supervisory control systems for silane delivery systems used outdoors shall be in accordance with Table 10.

FTA 24 R e 24 s B R R BT R 100 25K .
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Table 9—Indoor requirements for supervisory control
Silane systems containing silane in concentrations exceeding 1.37% by volume

Indoor Exhaust Gas monitoring Flame detection Emergency shutoff
installations monitoring (See 11.1) (See 11.2) (See 10.2.3)
Gas cabinet Alarm on loss of Gas monitor required An optical flame detec- [ Emergency shutdown

Silane piping systems
with unwelded connec-
tions in other than coax-
ial piping systems

exhaust.

Source shutdown on
loss of exhaust NOT
required.

inside gas cabinet.

Source shutdown on
activation of gas moni-
tor.

tion system or tempera-
ture switch required in
gas cabinet.

Source shutdown on fire
detection.

Area monitors
required in room.

An optical flame detec-
tion system is required.
Temperature switch not
recommended.

Source shutdown on fire
detection.

controls shall be pro-
vided outside each exit.

VMB Gas monitor required An optical flame detec-

inside VMB. tion sy;tem or te?mpe?ra-

Manifold branch shut- :l,J,\rAeBS.W'tCh required in

down on activation of

gas monitor. Manifold branch shut-

down on fire detection.
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Table 10—Outdoor requirements for supervisory control
Silane systems containing silane in concentrations exceeding 1.37% by volume

Outdoor Exhaust Gas monitoring Flame detection Emergency shutoff
installations monitoring (See 11.1) (See 11.2) (See 10.2.3)
General Forced ventilation is Gas monitoring is NOT Fire detection is required. ESO controls shall be
NOT required. required. . provided at each exit.
Source shutdown on fire Shutoff controls shall be
detection. located not less than 15 ft
(4.6 m) from the supply
system.
#10 EEEHESR
B R e P AR R B AR E 1 . 3T % IR e R &R
e ; SRR BRI KIGHH EamH
Al
5ok HER B (211.1) (2H811.2) (2§10.2.3)
— i AT AR a I | AN e A S A i B AT R R E R 2
FEARI B JCHAIRE B PR | B PR T e
W I P15 ) e 6 Bt
AR /> 2515
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Appendix A—Personnel protection
(Informative)

A1 Personal protective equipment

Whenever an operator is separated from a silane system by less than two barriers, personal protective equipment
(PPE) is required. Examples of two barriers are the container vessel and piping as a primary barrier, and a gas cabinet,
fenced off area, or separation distance as a secondary barrier. If silane is in a mixture with a toxic gas, guidelines for
the toxic gas shall be followed and additional PPE will be required.

A11 PPE for routine system operation

Minimum PPE requirements for operations that involve opening and closing of valves or any work within a 15 ft (4.6 m)
vicinity of a silane storage or use system include the following:

hard hat;

— safety glasses;

leather gloves;

fire resistant clothing/coveralls; and

safety shoes.
A1.2 PPE for opening of process lines

Minimum PPE requirements for operations that involve opening of process lines and equipment in a silane system (e.g.,
cylinder change out, breaking fittings on a process line for maintenance, etc.) include the same equipment as in A.1.1
plus the following:

— fire resistant hood;
— face shield;
— hearing protection (e.g., ear plugs or ear muffs); and

— provision of a nitrogen shield across the outside of the fitting or a helium purge through the fitting (purge ports) to
shield the fitting from exposure to atmosphere.

A1.3 PPE for emergency operations

PPE for emergency response includes:

— NFPA-approved firefighter turnout gear;
— firefighting gloves;

— fire helmet with face shield;

— fire resistant hood; and

— self-contained breathing apparatus (SCBA).

Minimum of two people, shall respond to emergency situations that include firefighting, silane source isolation, or per-
sonnel rescue. Any persons responding to an emergency shall be trained in emergency response, proper use of emer-
gency response PPE, and other emergency response equipment.

A2 Training

Persons responsible for the operation of the silane system or storage shall be knowledgeable of the physical and
chemical nature of silane and the mitigating actions necessary in the event of fire, explosion, or leakage before being
qualified to operate the system. They shall be trained in the operation of the system and associated controls, alarms,
and indications. Responsible persons shall be designated and trained to be liaison personnel for the fire department.
These persons shall aid the fire department in preplanning emergency responses and identification of the locations
where silane is located. They shall have access to the material safety data sheet (MSDS) and knowledge in the site
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emergency response procedures. Operator competence shall be retested annually or when job assignments are
changed.

A3 Emergency procedures

Whenever a leak is discovered downstream of the silane source, the best emergency procedure is to shut off the supply
of silane at the source or to isolate the leak as close to the source as practicable. When source isolation is the desired
emergency procedure but direct access to the source primary control valve is not possible, shutoff shall be accom-
plished with a remotely operated valve. When a leak is discovered at the connection of the cylinder valve to the silane
source or anywhere on the source valve itself, the source cylinder or container shall be cooled until the release has
subsided after which a containment vessel or exhausted enclosure shall be provided. The cylinder or container will be
placed inside the enclosure using trained personnel and approved procedures. Once sealed and secured, the enclo-
sure is able to be removed from site. Leaking or defective cylinders or containers shall be returned to the supplier for
proper disposal or repair.

A4 Operations and maintenance

Trained personnel who have demonstrated understanding and competence in the operations they will perform shall
perform all operations and maintenance of silane systems. Training shall be specific for the systems involved and in-
clude the use of written procedures that describe the operations to be conducted. Competence in system operation
shall be demonstrated by the use of written tests as well as associated hands-on work.

A4 Operational instructions

There shall be printed operating instructions maintained at the operating location. Operating procedures shall be written
and approved by knowledgeable personnel or persons knowledgeable of the hazards of silane, the function and use of
equipment, and controls as well as with the facility in which the system is installed.

Ad4.2 Maintenance

Silane supply systems shall be inspected regularly for signs of leakage. A maintenance program shall be set up for the
inspection, calibration, or replacement of wearing components such as valves, regulator, pressure transduc-
ers/gauges/switches, and flow switches. Defective components shall be replaced immediately. Maintenance procedures
shall be written and approved by persons knowledgeable concerning the hazards of silane, the function and use of
equipment and controls, and the facility in which the system is installed. Detection and alarm systems shall be main-
tained in operating condition. Weeds and long dry grass shall be cut and maintained within 15 ft (4.6 m) of outdoor sup-
ply systems.

A5 MSDS

Persons working with or around silane shall be knowledgeable with and understand the contents of the supplier's
MSDS.
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Appendix B—Silane compressibility 7 F 5B 4517 5
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Appendix C—Thermal radiation
(Normative)

Minimum distance to exposure

Thermal ft (m)
ri(ula/t'c;n Exposure Cylinders " Cylinders Cylinders 450 L cylinder ?
m <600 ft° 601 to 2500 ft*| 2501 to 10 000 ft* <10 000
(17 m?) (71 md) (283 m®) (283 m°)
fit (m) ft (m) ft (m) ft (m)

Location where personnel with pro-
1.6 tective clothing are allowed to be 16 (5) 30 9) 50 (15) 60 (18)
continuously exposed [19].

Heat intensity where emergency ac-
4.7 tions lasting up to three minutes is 12 (4) 20 (6) 30 9) 50 (15)
required [19].

Heat intensity in areas where emer-
6.3 gency actions lasting up to 1 minute 10 3) 16 (5) 25 (8) 45 (14)
is required [19].

Heat intensity at any location where
95 people have access — exposure lim- 8 (2.4) 15 (5) 23 (7) 40 (12)
’ ited to up to ten seconds, used for
escape only [19].

Heat intensity on structures and in
areas where operators are performing 8 (2.4) 12 (4) 20 (6) 40 (12)

158 duties. Shelter from radiant heat is
provided [19].
37.5 Damage to process equipment [20]. 8 (2.4) 10 3) 12 (4) 40 (12)

NOTE—The data in this thermal radiation table is based on a model with the following assumptions:

—Three nested volumes 600 ft* (17 m®), 2500 ft* (71 m?), and 10 000 ft* (283 m®) for 44 L-size cylinders and one nest size
of 10 000 ft* for 450 L-size cylinders were evaluated.

—Silane released through the rupture disk and exits through two 1-in (25 mm) holes in the cylinder cap. The jets exiting the
cylinder cap were assumed to be horizontal.

—The average release rate of a cylinder at 165° F (74 °C) was used in the radiation calculations since the relieving cylin-
ders are expected to be at different stages of venting. Approximate release time for one cylinder is 2 min. The accuracy
of the silane radiation calculations was verified by comparison with experimental radiation data [21].

—A low wind speed was selected to provide the maximum radiation.

—Calculations were made for cylinders at 1000 psig (6900 kPa), 1500 psig (10 340 kPa), and 1650 psig (11 380 kPa), and
the worst case was listed in the table.

—50% of the cylinders in the nested volume were assumed to be relieving at one time. The relieving cylinders were those
closest to the receptor. The radiation was corrected for the location of cylinders, which were tightly packed.

The definition for “cylinders” as it applies to this table is compressed gas cylinders with an internal volume of
1.8 ft* (50 L) or less.
2 The definition for “450 L cylinder’ as it applies to this table is compressed gas cylinders with an internal volume of
16 ft° (450 L) or less.
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Appendix D—Overpressure
(Normative)

Minimum distance to exposure

ft (m)
Over- PRD with <0.375in PRD with > 0.375 in PRD with > 0.5 in
pressure (10mm) orifice (10mm) to <0.5in (13mm) to<1in
Psi (kPa) (13 mm) orifice (25 mm) orifice
1000 psig 1600 psig 1000 psig 1600 psig 600 psig 1000 psig 1600 psig
(6900 kPa) | (11 030 kPa) | (6900 kPa) | (11 030 kPa) | (4140 kPa) | (6900 kPa) | (11 030 kPa)
ft  (m) ft (m) ft (m) ft (m) ft  (m) ft (m) ft (m)
05(3) | 105 (32) | 175 (53) 140 (43) | 225 (69) 175 (53) | 275 (84) | 450 (137)
1(7) 65 (20) | 110 (34) 80 (24) 145  (44) 110 (34) 180 (55) | 300 (91)
2 (14) 40 (12) 65 (20) 50 (15) 90 (27) 65 (20) 100 (30) 165 (50)
3(21) 30 (9) 50 (15) 40 (12) 70 (21) 50 (15) 80 (24) 140 (43)
4 (28) 25 (8) 45 (14) 35 (11) 55 (17) 45 (14) 65 (20) 115 (35)
5(34) 23 (7) 35 (11) 30 (9 50 (15) 35 (1) 60 (18) 100 (30)
6 (41) 20 () 30 (9 25 (8) 40 (12) 30 (9 50 (15) 80 (24)

1 The data in this overpressure table is based on a model and validated by large scale testing as described in
Large Scale Silane Release Tests [2]. This table can be used as a guideline for design and layout of equipment,
structures, and exposures. There are a number of references that are able to be used to evaluate the effect of
overpressure caused by a vapor cloud explosion. See Section 18. The following assumptions were made:

— Silane release is through the PRD on the container with the pressure in the container as indicated in the table;
— The PRD shall be in compliance with CGA S-1.1 and CGA S-1.3 [11, 22]
— The silane release produces a vapor cloud explosion (does not spontaneously ignite upon release).

— The model that generated the data in this table used a yield factor of 1 for the purposes of calculating over-
pressure. A yield of 1 is conservative relative to the actual test data.

2 The most common orifice size found in PRDs in current use on tube trailers and ISO modules is 0.87 in (22 mm)
diameter. The size of the orifice shall be determined in accordance with the requirements of pressure relief de-
vice standards [11].

3 This table shall not apply to high pressure piping. Engineering evaluation shall be provided to predict releases
from piping systems and the resultant potential overpressure or thermal radiation. The rate of release shall be de-
termined by intrinsic factors including but not limited to system pressure, valve orifice size friction loss, and tubing
volume.
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MekD — B
(HEEE)
B/MREERE R(AR)
PRD W% <0.375 I PRDA% >0.375 Y (10 A)F)| PRDAE > 0.5 I (13 AF) 3 < 11 (25
(10X E) KRR AL 3| 0.5 (13 A ) HIFR#AL A E) KRGS
1000 psig|1600 psig(1000 psig|1600 psig|600 psig|{1000 psig|1600 psig
(6900 kPa) [(11030 kPa) |(6900 kPa) |(11030 kPa) |(4140 kPa) (6900 kPa)|(11030 kPa)
IR (A R) IR (2 R) IR (A R) R(2R) IR (A R) IR (A R) IR (A R)
105 (32) 175 (53) 140 (43) 225 (69) 175 (53) 275 (84) 450 (137)
65 (20) 110 (34) 80 (24) 145 (44) 110 (34) 180 (55) 300 (91)
40 (12) 65 (20) 50 (15) 90 (27) 65 (20) 100 (30) 165 (50)
30 (9) 50 (15) 40 (12) 70 (21) 50 (15) 80 (24) 140 (43)
5 (8) 45 (14) 35 (11) 55 (17) 45 (14) 65 (20) 115 (35)
3(7) 35 (11) 30 (9) 50 (15) 35 (11) 60 (18) 100 (30)
0 (6) 30 (9) 25 (8) 40 (12) 30 (9) 50 (15) 80 (24)
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The following graphs have been created from the data presented in Appendix D. "~ [ 2 i [t i $5 D (1) 35 B4t 4 37,
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