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La mot phan cua chuong trinh hai hoa hoéa cac tiéu chuén nganh, Hiép hoi Khi Céng nghiép Chau A
(AIGA) da xuat ban an pham AIGA 051, Quy tac thwc hanh Phosphine, dugc san xuat chung béi cac
thanh v,ién cla Hoéi dong hai hoa hoa quéc té va dwgce xuat ban ban ﬁéu bdi AIGA phéi hop véi Hiép hoi
Khi Y té va Cong nghiép Nhat Ban (JIMGA) v&i tén goi T-S/37, Quy tac thwc hanh déi véi Phosphine.

As part of a program of harmonization of industry standards, the Asia Industrial Gases Association (AIGA) has
published this publication AIGA 051, Code of Practice Phosphine, jointly produced by members of the International
Harmonization Council and originally published by AIGA jointly with Japan Industrial and Medical Gasses Association
(JIMGA) as T-S/37, Code of Practice Phosphine.

An pham nay duwoc dy dinh 1a mét &n phdm hai hoa quéc té dé st dung va ap dung trén toan thé gioi boi
tat ca cac thanh vién cua HOi dong hai hoa hda qudc té, bao gom Hiép hdi Khi Coéng nghiép Chau A
(AIGA), Hiép hdi Khi nén (CGA), Hiép hdi Khi Cong nghiép Chau Au (EIGA) va Hiép héi Khi' Y té va Céng
nghiép Nhat Ban (JIMGA). Néi dung ky thuat ctia méi hiép hoi khu vuce 1a gibng hét nhau, ngoai trir cac
yéu cau phap Iy khu virc va cac thay déi nhéd trong dinh dang va chinh ta.

This publication is intended as an international harmonized publication for the worldwide use and applica- tion by all
members of the International Harmonization Council whose members include the Asia Industrial Gases Association
(AIGA), Compressed Gas Association (CGA), European Industrial Gases Association (EIGA), and Japan Industrial
and Medical Gases Association (JIMGA). Each Regional association’s tech- nical content is identical, except for
regional regulatory requirements and minor changes in formatting and spelling.

Tuyén bé tir chéi trach nhiém
Disclaimer

T4t ca cac &n pham cla AIGA hodc mang tén AIGA déu chiva thong tin, bao gdm Quy tdc Thuc hanh, quy trinh an toan va cac
thong tin k§ thuat khac dwoc thu thap tlr cac ngudn ma AIGA tin 13 dang tin cay valhogc dwa trén thong tin ky thuat va kinh
nghiém hién cé tir cac thanh vién ctia AIGA va nhirng ngwdi khac tai thoi diém xuét ban. Do d6, ching toi khong dwa ra bat ky
tuyén bb hay bao dam nao ciing nhw khéng chép nhan bét ky trach nhiém phap ly nao vé tinh chinh xac, day dd hodc ding dan
cla théng tin c6 trong cac 4n phdm nay.

All publications of AIGA or bearing AIGA’s name contain information, including Codes of Practice, safety procedures and other technical
information that were obtained from sources believed by AIGA to be reliable and/ or based on technical information and experience currently
available from members of AIGA and others at the date of the publication. As such, we do not make any representation or warranty nor accept any
liability as to the accuracy, completeness or correctness of the information contained in these publications.

Méc du AIGA khuyén nghi cac thanh vién cia minh tham khado hodc st dung cac 4n pham clia minh, viéc tham khao hodc st
dung d6 cua cac thanh vién hodc bén th& ba hoan toan la tw nguyén va khdng mang tinh rang budc.

While AIGA recommends that its members refer to or use its publications, such reference to or use thereof by its members or third parties is purely
voluntary and not binding.

AIGA hodc céac thanh vién clia minh khong dam bao vé két qua va khéng chiu bat ky trach nhiém phap ly hoac trach nhiém nao
lién quan dén viéc tham khao hodc st dung théng tin hodc dé xuét coé trong cac 4n phdm clia AIGA.

AIGA or its members make no guarantee of the results and assume no liability or responsibility in connection with the reference to or use of
information or suggestions contained in AIGA’s publications.

AIGA khong co bét ky quyén kiém soat nao dbi véi hiéu suét hodc khong hiéu suét, viéc hiéu sai, s dung ding hoac khdng
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connection thereto.
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1.

Giéi thiéu / Introduction

Phosphine 1& mot chat khi doc, khdng mau, cé mui ca thdi hodc phd bién hon & mui cla axetylen
dung cho han. Né dwoc van chuyén duéi dang khi nén héa 16ng dwéi ap suét hoi rieng la 516 psi
(3558 kPa). N6 cling dwoc cung cap & trang thai khi, dwoc pha loang véi cac khi khac duéi ap suét.
N6 |a chat dé chay, tw bdc chay va coé doc tinh cao.

Phosphine is a toxic, colorless gas with an odor of decaying fish or more commonly like that of welding grade
acetylene. It is shipped as a liquefied compressed gas under its own vapor pressure of 516 psi (35568 kPa). It is
also supplied in a gaseous state, diluted with other gases under pressure. It is flammable, pyrophoric, and highly
toxic.

Vén dé thao tac an toan voi phosphine 1a mét chi dé rat quan trong va pht hop voi nganh khi nén
cling nhw cong dong ngwoi str dung loai khi dac biét nay.

The issue of the safe handling of phosphine is a very important and relevant topic to the compressed gas industry
as well as the user community of this specialty gas.

Phosphine dwoc str dung lam chét pha tap cho céac thiét bj dién tt trang thai ran dwa trén silicon. N6
duwoc khuéch tan nhiét vao I&p silicon bang cach st dung 16 hodc béng hé théng cay ion (chéat pha tap
loai n). N6 cling duwoc siv dung dé san xuét cac chat ban dan hop chat nhw dibt phat sang (LED) bang
phan ng véi moét chat hiru co kim loai nhw trimetyl gali tao thanh mét Iép gali photphua. Phosphine
ciing dwoc s dung trong nganh cdng nghiép ban dan dé phat trién mot Iép pha. Phosphine cé thé vo
tinh dwoc tao ra trong cac quy trinh khai thac va san xuét lién quan dén cac hop chat phét pho va son
va thuéc diét cd co chira cac hop chét phét pho. Phosphine ciing dwoc st dung lam thuéc khir tring
cho ngii cbc.

Phosphine is used as a doping agent for silicon-based solid state electronic devices. It is thermally diffused into
the silicon layer using furnaces or by an ion implantation system (n-type dopant). It is also used to manufacture
compound semiconductors such as light-emitting diodes (LEDs) by reaction with a metal organic such as trime-
thyl gallium forming a gallium phosphide layer. Phosphine is also used in the semiconductor industry to grow a
capping layer. Phosphine can be inadvertently generated in mining and manufacturing processes involving phos-
phorous compounds and paints and herbicides containing phosphorous compounds. Phosphine is also used as a
fumigant for grain.

Phosphine c6 thé dwoc thao tac mot cach an toan néu thiét bi duoc thiét ké va bao tri ding cach va
nhan vién dwoc dao tao. Téi thiéu, tat ca nhan vién phai c6 quyéen truy cap vao phiéu an toan hoéa chat
(SDS) cua phosphine va dwoc dao tao vé cach st dung SDS va tai liéu tham khao khac.

Phosphine can be safely handled if equipment is properly designed and maintained and employees are trained.
As a minimum, all personnel shall have access to the phosphine safety data sheet (SDS) and training in the use
of the SDS and other reference material.

LUU Y—Trong 4n pham nay, phosphine duoc hiéu la & pha khi trir khi c6 quy dinh khac.
NOTE—In this publication, phosphine is understood to be in the gaseous phase unless otherwise stated.

Pham vi va muc dich / Scope and purpose
2.1. Pham vi/ Scope

— An phdm nay danh cho cac nha cung cap, nha phan ph0| va nguoi st dung phosphine va thiét

bi thao tac ctia nd. An phdm nay bao gébm hwéng dan vé thiét ke thiét bi, lwa chon xi lanh va
van, kiém soat thao tac va thwc hanh an toan. Cac hwéng dan vé cac bwédc van hanh lién quan
dén viéc sir dung phosphine va hén hop phosphine ciing nhw bao vé chdng chay, phat hién
khi, théng gi6 va cac bién phap bao vé lién quan ciing dwoc bao gébm. Viéc san xuét, tinh ché
va phan tich phosphine ndm ngoai pham vi ctia 4n phdm nay, mac du hwéng dan chung duwoc
dwa ra ciing lién quan dén cac quy trinh nay.
This publication is intended for the suppliers, distributors, and users of phosphine and its handling
equipment. This publication includes guidance for design of equipment, selection of cylinders and valves,
handling controls, and safety practices. Guidelines on the operational steps associated with the use of
phosphine and phosphine mixtures as well as fire protection, gas detection, ventilation, and related
safeguards are also included. The manufacture, purification, and analysis of phosphine are beyond the
scope of this publication, although the gen- eral guidance given is also relevant to these processes.

2.2. Muc dich / Purpose

— An pham nay duoc viét dé gidi quyét van dé doc tinh cao va kha nang bét Itra clia phosphine,
noi hau qua cua viéc thao tac khéng dung cach véi phosphine cé thé gay thwong tich, t&e vong
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va/hodc thiét hai cho co s@. An phadm nay dwa ra mo ta vé cac mdi nquy tiém an lién quan dén

thao tac phosphine va cac hwéng dan can tuan theo dé gidm thiéu rdi ro tiém an.

This publication was written to address the high toxicity and flammability of phosphine where the

consequences of improper handling of phosphine could cause injury, death, and/or facility damage. This

publication provides a description of the potential hazards involved in _handling phosphine and the

quidelines to follow to minimize risk potential.

3. Dinh nghia/ Definitions

— Vi muc dich cGa 4n phdm nay, cac dinh nghia sau dwoc ap dung.
For the purpose of this publication, the following definitions apply.

3.1.

3.2

Thuat ngi¥ trong 4n pham / Publication terminology

3.1.1.

Phai / Shall

Chi ra rang quy trinh la bat budc. Thuat ngi® ndy dwoc st dung & bat clr noi nao tiéu
chi tuan tha cac khuyén nghi cu thé khong cho phép sai léch.

Indicates that the procedure is mandatory. It is used wherever the criterion for conformance to
specific recom- mendations allows no deviation.

Nén / Should

Chi ra rdng mot quy trinh dwoc khuyén nghi.
Indicates that a procedure is recommended.

C6 thé | May

Chi ra rdng quy trinh Ia tay chon.
Indicates that the procedure is optional.

Sé / will

Chi dwoc str dung dé chi twong lai, khéng phai mirc do yéu cau.
Is used only to indicate the future, not a degree of requirement.

Co6 thé / can

Chi ra mét kha nang hoac néng lwc.
Indicates a possibility or ability.

Cac dinh nghia ky thuat / Technical definitions

3.2.1.

3.2.2.

3.2.3.

Ap suét tuyét déi / Absolute pressure

Dwa trén diém tham chiéu béng khéng, d6 chan khong hoan héo. Do tir tham chiéu
nay, ap suét khi quyen tleu chuédn & myc nwéc bién & 101.325 kPa, abs (14 696 psia);
tuy nhién, ap suét khi quyén cuc bd cé thé sai léch so v&i gia tri tiéu chuan nay do diéu
kién thoi tiét va do cao trén hodc dwdi muc nwédc bién.

Based on a zero reference point, the perfect vacuum. Measured from this reference, the standard
atmospheric pressure at sea level is 101.325 kPa, abs (14.696 psia); however, local atmospheric
pressure can deviate from this standard value because of weather conditions and the elevation
above or below sea level.

Thiét bi / Apparatus

Thiét bi phu tro nhw van, thiét bj gidm ap (PRD), bd diéu ap, van mét chidu dwoc st
dung v@i khi nén.

Accessory equipment such as valves, pressure relief devices (PRDs), regulators, non-return
valves (check valves) used with compressed gas.

Khi / Gas

Khi hodc khi nén nhw dwoc dinh nghia trong Khuyén nghi cia Lién Hop Quéc (UN) vé
Van chuyén Hang héa Nguy hiém, Quy dinh Mau va trong Hé théng Phan loai va Ghi
nhan Héa chét Hai hoa Toan cdu (GHS) [1, 21.

Gas or gas under pressure as defined in United Nations (UN) Recommendations on the Transport
of Dangerous Goods, Model Requlations and in Globally Harmonized System of Classification
and Labelling of Chemicals (GHS) [1, 2].
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3.24.

3.2.5.

3.2.6.

3.2.7.

3.2.8.

3.2.9.

3.2.10.

3.2.11.

Khi 12 mot chat ma (a) & 50 °C c6 ap suét hoi Ién hon 300 kPa; hodc (b) hoan toan &
thé khi & 20 °C dwéi 4p suét tiéu chuan 101.3 kPa [1, 2].

A gas is a substance that (a) at 50 °C has a vapor pressure greater than 300 kPa; or (b) is
completely gaseous at 20 °C at a standard pressure of 101.3 kPa [1, 2].

Binh chira / Containers

Cac binh c6 hinh dang,, kich thwéc va yét Ijéu cAu tao khac nhau,nhw chai, bdn chira di
dong hoac bon chira c6 dinh, va c6 thiét ké dap trng cac thdng so6 ky thuat cta Hiép hoi
Ky sw Co khi Hoa Ky (ASME), Van tai Canada (TC), B6 Giao thong Van tai Hoa Ky
(DOT), H|ep dinh Chau Au vé Van chuyén Hang héa Nguy hiém bang Buwong bd (ADR),
Tiéu chuan Coéng nghiép Nhat Ban (JIS), hodc cac co quan quan ly quéc gia va dugc
nap khi nén [3].

Vessels of various shapes, sizes, and materials of constructions such as cylinders, portable
tanks, or stationary tanks, and of designs meeting the specifications of the American Society of
Mechanical Engineers (ASME), Transport Canada (TC), United States Department of
Transportation (DOT), European Agreement Concerning the International Carriage of Dangerous
Goods by Road (ADR), Japanese Industrial Standard (JIS), or national authorities and are filled
with compressed gases [3].

Nhiét dé t&i han / Critical temperature

Nhiét d6 ma trén d6 mét khi tinh khiét khéng thé hoa Idng, bat k& murc dd nén.
Temperature above which a pure gas cannot be liquefied, regardless of the degree of
compression.

Chai / Cylinder

Binh chiu ap Iwc cé thé van chuyén dwgc voi dung tich nwdc khéng vweet qua 150 L co
thé dwoc nap khi nén.

Transportable pressure receptacle having a water capacity that does not exceed 150 L that can
be filled with a gas under pressure.

Ty |é nap / Filling ratio

Ty & khéi lwgng khi héa 1dng dwoc dwa vao mét binh so véi khdi lwgng nwéc & 15 °C
(59 °F) c6 thé nap day cung mét binh da duoc trang bi sén sang dé st dung.

Ratio of the mass of liquefied gas introduced in a container to the mass of water at 15 °C (69 °F)
that would fill the same container fitted ready for use.

LUU Y—Con dwoc goi la mat do nap, hé sb nap, mirc dd nap tbi da, hodc ap suat nap
toi da.

NOTE—AIso known as fill density, filling factor, maximum fill degree, or maximum fill pressure.
Khi dé chay / Flammable gas

Khi ma trong d6 hén hop 13% hodc it hon (theo thé tich) véi khong khi co thé bbc chay
¢ 0.101 MPa, abs (14.696 psia) hoac co pham vi chay v&i khdng khi it nhat 12% bat ké
gi¢i han dwéi. Cac gidi han nay phai dwoc xac dinh tai ap suat 0.101 MPa, abs (14.696
psia) va & nhiét do 20 °C (68 °F).

Gas in which either a mixture of 13% or less (by volume) with air ignitable at 0.101 MPa, abs
(14.696 psia) or a flammable range with air of at least 12% regardless of the lower limit. These
limits shall be determined at 0.101 MPa, abs (14.696 psia) pressure and at a temperature of
20 °C (68 °F).

Nha cung cép khi / Gas supplier

Doanh nghiép san xuét, nap, va/hodc phan phdi khi nén va binh khi nén.
Business that produces, fills, and/or distributes compressed gases and compressed gas
containers.

Thao tac / Handling

Di chuyén, két ndi, hoac ngét két ndi mét binh khi trong diéu kién binh thwong.
Moving, connecting, or disconnecting a gas container under normal conditions.

Méi nguy / Hazard
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3.2.12.

3.2.13.

3.2.14.

3.2.15.

3.2.16.

3.2.17.

3.2.18.

Bét ky diéu kién nao co thé gay thwong tich cho nhan vién hodc tai san.
Any condition that could cause injury to personnel or property.

Doc tinh cao / Highly toxic

Cac loai khi c6 LC50 trong khong khi nhd hon hodc bang 200 ppm khi phoi nhiém trong
1 gid, twong (rng véi cac loai khi dwoc phan loai la Cap do Boc Cép tinh cip 1 theo UN
GHS [2]. Tham khado 3.2.15.

Gases that have an LC50 in air less than or equal to 200 ppm for a 1 hour exposure, which
corresponds to gases classified as Acute Toxicity Category 1 according to UN GHS [2]. Refer to
3.2.15.

LUU Y—Trong 4n phdm nay, phan triéu (ppm) cé nghia la phan triéu theo thé tich

(Ppmv).
NOTE—In this publication, parts per million (ppm) means parts per million by volume (ppmv).

Vung néng / Hot zone

Khu vic ngay xung quanh sy c6 tran dé hoa chét va ving 1an can co thé gay nguy
hiém nghiém trong tir cac mdi nguy vat ly nhw chay, nd, hoac phoi nhiém hoa chét.
Area immediately around the chemical spill and the surrounding region that could be in serious
danger from physical hazards such as fire, explosion, or chemical exposure.

LUU Y—Thong thwang, chilinh ciru hda va déi ng phé khan cép 14 thanh vién cia doi
vat liéu nguy hiém (HAZMAT) chuyén biét m&i dwoc phép vao ving néng.
NOTE—Generally, only firefighters and the emergency response team who are members of a
specialized hazardous material (HAZMAT) team will enter the hot zone.

Khi tro’ / Inert gas

Khi khéng ddc, khong hd tro hd hdp clia con ngwdi, va phan (rng rat it hodc khéng
phan trng véi cac chat khac.

Gas that is not toxic, doesn’t support human breathing, and reacts scarcely or not at all with other
substances.

N6ng dé gay chét 50 (LC50) / Lethal concentration 50 (LC50)

Ndng do ctia mét chat trong khdong khi, khi tiép xtc trong mot khodng thdi gian xac dinh
dwoc dw kién sé gay ttr vong cho 50% toan bd quan thé thtr nghiém dworc xac dinh.
Concentration of a substance in air, exposure to which for a specified length of time is expected to
cause the death of 50% of the entire defined experimental population.

LUU Y—Thuwong dwoc do bing ppm hodc mg/m3.
NOTE—Usually measured as ppm or mg/m3.

Giéi han chay dwéi (LFL) / Lower flammability limit (LFL)

Gi¢i han chay dwéi (diém ma tai d6 ngon Iira bt dau lan truyén) ctia mot loai khi hosc
hoi & nhiét dd va ap suat modi tredng thong thwdng dwoc bidu thi bang phan trdm cla
khi ho&c hoi trong khong khi theo thé tich. LFL sé& thay ddi theo nhiét d6 va ap suét.
Lower limit of flammability (point at which a flame just starts to propagate) of a gas or vapor at
ordinary ambient temperatures and pressure expressed in percent of the gas or vapor in air by
volume. The LFL will vary with temperature and pressure.

LUU Y—Codn dworc goi la gi¢i han nd dudi (LEL).
NOTE—AIso referred to as lower explosive limit (LEL).

Tiéu chuan, hwéng dan, quy dinh quéc gia / National standards, guidelines,
regulations

Céc tiéu chuén k¥ thuat do cac co quan quan ly clia quéc gia noi thiét bi/co s& duoc str
dung dat ra, lién quan dén thiet ke, xay dwng, thir nghiém va sr dung. Khi co sén va ap
dung duwgrc, cac tiéu chuan nay phai dwgc tuan tha.

Technical standards set by the regulatory authorities of the country in which the equipment/facility
is used, with respect to design, construction, testing, and use. Where available and applicable,
these standards shall be fol- lowed.

Chét oxy héa / Oxidizer
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3.2.19.

3.2.20.

3.2.21.

3.2.22.

3.2.23.

3.2.24.

3.2.25.

3.2.26.

Khi_hozic hén hop khi c6 kha nang, & ap suét khi quyén, hd tro' qua trinh chay nhiéu
hon mét chat oxy héa tham chiéu bao gom 23.5% oxy trong nito (vi du, oxy dang khi,
oxit nito, hoac flo).

Gas or gas mixture that is able, at atmospheric pressure, to support the combustion more than a
reference oxidizer consisting of 23.5% oxygen in nitrogen (for example, gaseous oxygen, nitrous
oxide, or fluorine).

Ap suét / Pressure

Lwc trén moét don vi dién tich do khi tac dung Ién méi trwvong xung quanh. Thuat ngu
megapascal (MPa) la thuat ngir tiéu chuan cho ap suét dwoc s dung trong 4n pham
nay. 1 MPa = 1000 kPa = 20,885.4 psf = 145 psi = 10 bar.

Force per unit of area exerted by a gas to its surroundings. The term megapascal (MPa) is the
standard term for pressures used in this publication. 1 MPa = 1000 kPa = 20,885.4 psf = 145 psi
=10 bar.

Thiét bi giam ap / Pressure relief device

Thiét bi kich hoat bang ap suat va/hoéc nhiét do co thé duwoc st dung dé ngan ap suét
tang Ién trén mdrc t6i da dinh trwéc va do d6 ngan ngtra hdng hdéc thiét bi hoac binh do
qua ap.

Pressure and/or temperature activated device that may be used to prevent the pressure from
rising above a predetermined maximum and thereby prevent equipment or container failure due to
overpressurization.

Khi tw chay / Pyrophoric gas

Khi d& chay tw bdc chay trong khdng khi & nhiét dd 54 °C (129 °F) hoéc thap hon.
Flammable gas that ignites spontaneously in air at a temperature of 54 °C (129 °F) or less.

Phiéu dir liéu an toan (SDS) / Safety data sheet (SDS)

Théng tin bang van ban hoac in &n lién quan dén vat liéu nguy hiém (tinh chét, bién
phap phong ngtra, v.v.) tuan tha cac quy dinh québc gia.

Written or printed information concerning a hazardous material (properties, precautions, etc.)
following national regulations.

Ap suét thiv / Test pressure

Ap suat ma binh dwoc thlr bang thiy lwc hodc khi nén va 1a ap suét phai khéng duoc
vuot qua trong béat ky diéu kién van hanh binh thwdng cé thé dw doan trwédc (vi du,
trong qua trinh nap).

Pressure at which the container is hydraulically or pneumatically tested and is the pressure that
shall not be exceeded under any foreseeable normal operating conditions (for example, during
filling).

Khi ddc / Toxic gas

Khi nén c6 LC50 trong khong khi nhé hon hodc bang 5000 ppm nhung I&n hon 200
ppm khi tiép xuc trong 1 gi®, bao gom cac loai khi dwgc phan loai la Bdc cap tinh Loai
2 va 3 theo UN GHS [2].

Compressed gas that has a LC50 in air of less than or equal to 5000 ppm but greater than 200
ppm for a 1-hour exposure, which includes gases classified as Acute Toxicity Category 2 and 3
according to UN GHS [2].

Gia tri gi¢i han ngwéng — Trung binh theo th&i gian (TLV®-TWA) / Threshold limit
value-Time weighted average (TLV®-TWA)

Nong d6 ma mét ngudi cé thé tiép xuc, 8 gi mbi ngay, 40 gid mdi tudn, ma khong gay
hai [4].

Concentration to which a person may be exposed, 8 hours a day, 40 hours a week, without harm
4]

Giéi han chay trén (UFL) / Upper flammability limit (UFL)

Gi¢i han chay trén (diém ma ngon Itra van c6 thé lan truyén danh nghfa) clia mét loai
khi_hoac hoi & nhiét do va ap suat moi trwdng théng thwdng, dwoc biéu thi bang phan
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tré[n thé tich cua khi hodc hoi trong khéng khi. UFL sé thay d6i theo nhiét do va ap
suat.

Upper limit of flammability (point at which a flame can still nominally propagate) of a gas or vapor
at ordinary ambient temperatures and pressure expressed in percent of the gas or vapor in air by
volume. The UFL will vary with temperature and pressure.

— LUU Y—Con duoc goi la gi¢i han nd trén (UEL).
NOTE—AIso referred to as upper explosive limit (UEL).

3.2.27. N&p va nut bit dau ra van / Valve outlet caps and plugs

— Cac phu kién co6 thé thao roi thuwdong tao thanh mét 1op kin khi trén cac dau ra van do
nha cung cép khi cung cip kém theo moét sé loai khi nhat dinh.
Removable attachments that usually form a gas-tight seal on valve outlets provided by the gas
supplier with certain gases.

— LUU Y—Mbt sb ndp chi dwoc thiét ké dé bao vé ren van va khéng kin khi.
NOTE—Some caps are designed only for valve thread protection and are not gas-tight.

3.2.28. Nap bao vé van / Valve protection cap

— Nap clrng co thé thao roi dwoc cung cap dé bao vé van binh trong qua trinh thao tac,
van chuyén va ton chira.
Rigid removable cover provided for container valve protection during handling, transportation, and
storage.

4. Tinh chét khi / Gas properties
4.1. Téng quan / General

— Phosphine la mét loai khi hydrua kim loai c6 céng thirc héa hoc PHs. N6 rat déc véi LC50 1 gidy

la 20 ppm va LC50 4 gid 1a 10 ppm da dwoc xac dinh. Ngoai déc tinh clia n6, né con dé chay
va nd trong khong khi, va cé thé tw béc chay & nhiét d6 méi trwong. N6 khéng dwoc coi la &n
mon & trang thai khi khd. N6 it tan trong nwéc va tan trong hiu hét cac dung méi hivu co. N6 ¢c6
mui ca won va mui axetylen dung trong han [2].
Phosphine is a metal hydride gas with the chemical formula PH3. It is highly toxic with an established
LC50 1 hour of 20 ppm and LC50 4 hour of 10 ppm. In addition to its toxicity, it is also flammable and
explosive in air, and can autoignite at ambient temperatures. It is not considered to be corrosive in the dry
gaseous state. It is slightly soluble in water and soluble in most organic solvents. It possesses an odor of
decaying fish and welding grade acetylene [2].

— Bang 1 thé hién céc tinh chat clia phosphine.
Table 1 shows properties of phosphine.

— Hinh 1 va Hinh 2 thé hién dwdng cong ap suét hoi clia phosphine.
Figure 1 and Figure 2 show a vapor pressure curve for phosphine.

4.2. Tinh chat vat ly / Physical properties

— Tranh cac ngudn gay chay, tia Itra va ngon Itra do tinh chat d& chay cha phosphine. Tranh tiép

xtic v&i khong khi vi phosphine Ia chét tw chay va c6 thé tao thanh hén hop né & nbng d6 1.6%
tr& 1én trong khéng khi. Phosphine gay ra moi nguy chay nghiém trong va nguy co nd.
Phosphine &n dinh & nhiét dd phong va bat ddu phan hay & khoang 375 °C (707 °F) véi sw
phan hdy hoan toan & khoang 593 °C (1100 °F) [5].
Avoid sources of ignition, sparks, and flames due to the flammable properties of phosphine. Avoid contact
with air as phosphine is pyrophoric and can form explosive mixtures in concentrations of 1.6% or greater in
air. Phos- phine poses a severe fire hazard and an explosion risk. Phosphine is stable at room
temperature and begins to decompose at approximately 375 °C (707 °F) with complete decomposition at
approximately 593 °C (1100 °F) [5].

4.3. Tinh chat héa hoc / Chemical properties

— Phosphine khéng twong thich v&i cac chat oxy hoéa, cac nguyén td halogen va axit. Phosphine
la mot chat khtr manh va phan ng manh véi cac chat oxy héa nhw kali permanganat, natri
hypoclorit, oxy, ozon, clo, flo va nito' oxit. Phosphine cé thé c6 mét sé phan &ng véi nuwéc va
nhom kim loai kiém.
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Phosphine is incompatible with oxidizing materials, members of the halogen family, and acids. Phosphine
is a strong reducing agent and reacts vigorously with oxidizers such as potassium permanganate, sodium
hypo- chlorite, oxygen, ozone, chlorine, fluorine, and nitric oxide. Phosphine can have some reaction with

water and the alkali metal family.

— Phosphine khéng duoc biét 1a ¢ kha néng trung hop.

Phosphine is not known to polymerize.

4.4. Tinh chat strc khée / Health properties

— Tham khao 5.2.
Refer to 5.2.

4.5. Tinh chéat tw chay va tinh dé chay / Pyrophoric and flammability properties

— Tham khao 5.1.

Refer to 5.1.
Bang 1 — Tinh chét ciia phosphine
Table 1—Properties of phosphine
Tinh chat Pon vi SI Pon vi Hoa Ky |Tham chiéu
Property SI units U.S. units Reference
hydro photphua, hydrua photpho,
T ddng nghia hydro photphat hoa
Synonyms hydrogen phosphide, phosphorous
hydride, phosphorated hydrogen
Cong thire hda hoc PH
Chemical formula °
S6 CAS
CAS number 7803-51-2
S6 UN
UN number UN 2199
Trang thai vat ly Khi
Physical state Gas
Mau sac Khéng mau
Color _ Colorless
Mui cé thoi; khi axetylen han
Odor decaying fish; welding grade acetylene
Khéi lwong phan tir
Molecular weight 33.998
Diém s6i & 1 atm o o
Boiling point at 1atm —B7.74°C —125.93°F [6]
Diém nong chay & 1 atm 3 o _ o
Melting point at 1 atm 133',78 C 20?'8 F [6]
Khoang nhiét d6 phan hay 375 °C den 593 °C|707 °F den 1100 °F [5]
Decomposition temperature range 375 °C to 593 °C 707 °F to 1100 °F
Nhiét do t¢i han o o
Qritica/,temperature 516°C 124.88°F [5]
Ap suat to1 han 6.536 MPa, abs |  947.97 psia 5]
rlt!ca/ pressure

The tich tGi han 113.32 cm¥mol |  6.915 in¥mol [6]
Critical volume
Mat do téi han 3 3
Critical density 0.3 g/cm 18.7 Ib/ft [6]
Hé s6 nén t&i han
Critical compressibility factor 0.274 [6]
Mat d6 chat I16ng & 25 °C va 3,46 MPa 3 3
Density of liquid at 25 °C at 3.46 MPa 0.491 g/lcm 30.65 Ib/tt [6]
Mat d6 khi & 21,1 °C va 101325 Pa 3
Density of gas at 21.1 °C at 101325 Pa 1.408 kg/m 0.0879 Ib/it3 [6]
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Ty trong riéng cta khi & 25 °C va 1 atm
(khéng khi = 1) 1.184
Specific gravity of gas at 25 °C and 1 atm (air =1)
Ap suét hoi & 21,1 °C (70 °F) .
Vapor pressure at 21.1 °C (70 °F) 3558 kPa 16 psi [7. 8
Nhiét &n hoa hoi & 25 °C (77 °F)
Latent heat of vaporization at 25 °C (77 °F) 204.7 kJ/k 88 Btu/lb
Do hoa tan trong nwéc & 25 °C va 101325 Pa 269.7 ppm (khéi lwong) 6]
Solubility in water at 25 °C and 101325 Pa 269.7 ppm (wt)

H Khoéng ap dung
P Not applicable
b6 bay hoi Khéng ap dung
Volatility _ Not app/{cable
Ngwéng mui (thay déi theo tap chét) 0.03 ppm dén 3 ppm [9, 10]
Odor threshold (varies with impurities) 0.03 ppm to 3 ppm ’
Toc dd bay hoi Khéng ap dung
Evaporation rate Not applicable
Diém chép chay Khéng ap dung
Flash point Not applicable
Gidi han chay dwéi (LFL) o
Lower flammability limit (LFL) 16.1.8% 11.12 .13
Gi¢i han chay trén (UFL) o
Upper flammability limit (UFL) 98% [14,15]
Nhiét d6 tw bdc chay o 37.8 °C
Autoignition temperature 37.8°C 100 °F [5, 15, 16]
Hinh dang phan to choép tam giac
Molecular shape trigonal pyramidal
Momen lw&ng cwc 0.58 D [17, 18]
Dipole moment ' ’
Entanpy tao thanh tiéu chuan & 25 °C, AH%ni
Standard enthalpy of formation at 25 °C, AH%as +5.4 kd/mol [19, 20]
Céu tric =
Structure - \” H

H H
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Hinh 1 - DPwdng cong ap suat hoi ctia phosphine (Pon vi Sl)
Figure 1—Phosphine vapor pressure curve (Sl Units)
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Hinh 2 — DPwong cong ap suéat hoi cia phosphine (Pon vi Hoa Ky)
Figure 2—Phosphine vapor pressure curve (U.S. Units)

4.6. Tinh chat vé méi trwong | Environmental properties

— Vi cac bién phap kiém soat, s phat thai phosphine c6 thé dwoc giam thiéu va khéng gay ra
moi de doa nao cho sy song con ngw®i va mdi trwdng.
With controls, phosphine releases can be minimized and pose no threat to human life and the
environment.
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— Phosphine thai vao khi quyén phan &ng chi yéu véi géc ion hydroxyl (OH-) dé tao thanh ion

hydroxy photphua (OHP-). Cac san pham cudi cung sé la nwdc va cac axit oxy cta photpho.
Phosphine ciing dwgc loai bd khdi khdng khi b&i dat va bi oxy héa thanh orthophotphat. Nhieu
quéc gia cé cac quy dinh véi hanh dong cé thé do lwong duoc phai duwoc thue hién néu xay ra
sy phat thai. Ngwoi str dung phosphine phai xem xét cac quy dinh (rng dung.
Phosphine released into the atmosphere reacts principally with the hydroxyl ion (OH-) radical to form
hydroxy phosphide ion (OHP-). The eventual products will be water and phosphorus oxyacids. Phosphine
is also removed from air by soils and oxidized to orthophosphate. Many countries have regulations with
measurable action to be taken if a release occurs. The users of phosphine shall review application
regulations.

e  Phosphine dwoc coi la mét chat gay 6 nhiém khoéng khi nguy hiém (HAP). N6 dwoc biét
ho&c nghi ng® gay ra cac anh hwédng nghiém trong dén sirc khde va/hodc cac anh huéng
bt loi dén méi truong;

Phosphine is considered a hazardous air pollutant (HAP). It is known or suspected to cause serious
health effects and/or adverse environmental effects;

e Nguwoi st dung phosphine nén st dung nhiéu céng cu khac nhau dé ngédn chén viéc xa
trwc tiép chat 6 nhiém vao dwdng thly, cac co s& x ly nwéc thai dé thi, hodc cho phép
dong chay 6 nhiém;

Phosphine users should employ a variety of tools to prevent direct pollutant discharges into
waterways, municipal wastewater treatment facilities, or allow polluted runoff;

e« Cac chuong trinh (ng pho khan cép dwoc thiét 1ap va doi khi dwoc bat budc ¢é loai bd moi

mdi nguy cho céng ching va moi trwong do sw phat thai chat nguy hiém gay ra. Bé giup
hoan thanh nhiém vu nay, chinh quyén dia phwong cé thé yéu cau nguwoi hoac té chirc
chiu trach nhiém s&r dung phosphine théng bao cho chinh quyén khi lwong chét tai ché dat
dén moét gidi han dinh trwdc;
Emergency response programs are established and at times mandated to eliminate any danger to
the public and the environment posed by hazardous substance releases. To help fulfill this mission,
local governments can require that the person or organization responsible for phosphine use notify
the government when the amount on-site reaches a predetermined limit;

e Cac tai lieu hwong dan nén dwoc lay tlr co quan chinh quyén dia phwong dé dwa ra
hwéng dan trong viéc tuan thi cac quy dinh va kiém soat khi thai; va
Guidance documents should be obtained from the local government agency to offer direction in
following regulations and control emissions; and

e C4c rui ro dbi v&i stre khde con nguwdi va mai trweng thay ddi dang ké tuy thudce vao loai va
mirc d6 phoi nhiém. Nguwdi st dung phosphine dwoc khuyén khich manh mé dé xac dinh
rdi ro dwa trén céac kich ban phoi nhiém duwoc do lwong hodc dw doan tai dia phwong.

Risks to human health and the environment vary considerably depending upon the type and extent of
expo- sure. Phosphine users are strongly encouraged to characterize risk on the basis of locally
measured or predicted exposure scenarios.

- Cac gla tri danh gia rdi ro hodc cac tiéu chuan chéat lwong moéi trwong khac cd thé dwoc s

dung & céac qubc gia dé& danh gia cac rii ro stc khoe do tiép xuc véi hoa chat doc hai gay ra.
Cac gia tri nay thuwong dwoc quy dinh 1a gidi han néng dd phai khéng dwoc vwot qua de tranh
rdi ro stre khde. Cac gia tri da cong bd nay co thé duoc so sanh tryc tlep Vi thong tin vé ndng
dod héa chat trong moéi truo’ng dé xac dinh cac mdi nguy strc khde tiém an. Néu nong dd hoa
chat vot qua tiéu chuan chét lwgng méi triwdng lién quan, thi viéc hanh déng dé gidm 6 nhiém
moi trwdng hodc tiép xuc 1a can thiét.
Risk assessment values or other media quality standards may be used in countries to evaluate the health
risks posed by exposures to toxic chemicals. These values are typically specified as concentration limits
that shall not be exceeded to avoid health risks. These published values can be compared directly to
information about the concentration of a chemical in the environment to identify potential health hazards. If
a chemical concentration exceeds a relevant media quality standard, action to reduce environmental
contamination or exposure is war- ranted.

5. Cac méi nguy chinh cua khi / Gas major hazards
51. Moi nguy chay va né [21, 22, 23, 24, 25] | Fire and explosion hazards [21, 22, 23, 24, 25]

— Phosphine dé chay va nd trong khoéng khi va cé thé tw bbc chay & nhiét dd moéi trwong.
Phosphine is flammable and explosive in air and can autoignite at ambient temperatures.
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Gidi han chay dwéi (LFL) dwoc bao céo la tir 1.6% dén 1.8% theo thé tich trong khong khi [11,
12, 13]. Gi¢i han chay trén (UFL) la 98% [14, 15]. Khi phosphine chay, né tao ra mét dam khai
trdng day dac cta photpho pentoxit (P205). Nhitng khéi nay |a chat gay kich (rng dworng ho
hé&p nghiém trong do su hinh thanh nhanh chéng cta axit orthophotphoric (H3P0O4) khi tiép xtc
véi dd &m (nwdc) trong phdi nguoi.

The lower flammability limit (LFL) is reported to be 1.6% to 1.8% by volume in air [11, 12, 13]. The upper
flam- mable limit (UFL) is 98% [14, 15]. When phosphine burns, it produces a dense white cloud of
phosphorus pent- oxide (P205) fumes. These fumes are a severe respiratory tract irritant due to the rapid
formation of orthophos- phoric acid (H3P0O4) on contact with moisture (water) in human lungs.

Do d6, nhan vién phai méc quan 4o bao ho va thiét bj thé doc lap (SCBA) khi dap tat cac dam
chay phosphine. Chi nhirng nhan vién dwoc dao tao méi nén (rng phé véi cac dam chay
phosphine.

Therefore, personnel shall wear protective clothing and self-contained breathing apparatus (SCBA) when
fighting phosphine fires. Only trained personnel should respond to phosphine fires.

Nhu trong truéng hop chay cla béat ky loai khi dé chay nao, dong khi nén dwoc ngat néu an
toan va kha thi. Théng thwéng, didu nay cé thé dwoc thuc hién bang cach khéa van chai néu
an toan.

As in the case of a fire of any flammable gas, the flow should be stopped if it is safe and practical to do so.
Normally, this can be accomplished by shutting off the cylinder valve if safe to do so.

Khi dé chay khong dwoc str dung gan ngon Ilra tran, nguon nhiét, hodc canh cac chét oxy héa
va hé théng dién khéng chong nd. Viéc van chuyén, tdn chva va st dung phosphine nén &
nhirng khu vuc théng gio tbt.

Flammable gases shall not be used near open flames, sources of heat, or adjacent to oxidizers and non-
explosion proof electrical systems. Transportation, storage, and use of phosphine should be in well-
ventilated areas.

Dé xay ra sw bdc chay ciia phosphine, hai diéu kién can phai xay ra ddng thoi:
In order for a phosphine ignition to occur, two conditions need to occur simultaneously:

e nodng dd phosphine nam trong gi&i han chay cta né; va

concentration of phosphine is within its flammable limits; and
e ¢0 du khong khi hodc mét ngudn oxy héa thay thé.

sufficient air or an alternate oxidizing source is present.
Vi phosphine la mét khi tw chay, khéng can ngudn danh Ira. Phosphine c6 thé bat dau phan
hdy cham thanh cac nguyén té phosphine va Hydro ctia né & nhiét d6 375 °C (707 °F) [5].
Since phosphine is a pyrophoric gas, no source of ignition is required. Phosphine can begin to slowly
decompose into its elements of phosphine and hydrogen at temperatures of 375 °C (707 °F) [5].

Sw hién dién cta tap chét, dic biét Ia diphosphine (PH2-PH2), thwéng khién phosphine tw bbc
chay & nhiét dd phong va coé thé tao thanh hén hop nd véi khong khi & ndng do thap téi 1.6%
[11]. Tuy nhién, can lwu y réng phosphine cé thé khuéch tan vao khi quyén ma khong tw bbc
chay khi tbc d6 hut ca td hat, ti hodc khu vie théng gié khac cao.

The presence of impurities, particularly diphosphine (PH2-PHZ2), often causes phosphine to ignite
spontaneously at room temperature and can form explosive mixtures with air as low as 1.6% [11].
However, it should be noted that phosphine can diffuse into the atmosphere without autoignition when a
fume hood, cabinet, or other venti- lated area exhaust velocity is high.

Néu dong phosphine khéng thé ngat dwoc, dé né chay cho dén khi dam chay ty tat, cha y lam
mat céc chai va thiét bj 1an can. Néu dam chay phosphine bj dap tat ma dong phosphine khong
nglrng lai, mét hén hop dé chay co mbi nguy cé thé tiép tuc hinh thanh. C6 thé hén hop doé sau
do sé tw bbe chay ngay ca duoi nong do oxy thap va bat ky thanh phan phosphine chwa chay
nao cling c6 thé béc chay dir doi, nd, gay thém thiét hai va lam dam chay bung phat trd lai.
Phai thwc hién cac bién phap dé bdo vé con nguwdi khdi bi né chai trong trwéng hop chai hoac
dwong 6ng bi hdng.

If the flow of phosphine cannot be stopped, let it burn until the fire stops naturally, keeping adjacent
cylinders and equipment cool. If a phosphine fire is extinguished and the flow of phosphine is not stopped,
a hazardous com- bustible mixture can continue to form. It is possible that the mixture can then be auto-
ignited even under low oxygen concentration and any unburned phosphine can ignite violently, explode,
cause more damage, and re- start the fire. Measures shall be taken to protect persons from cylinder
rupture in the case of cylinder failure or piping failure.

15



AIGA

AIGA 051/20

5.2.

Mac du dam chay phosphine khong dwoc dap tat cho dén khi dong phosphine ngirng lai, nén
st dung voi phun nwéc dé dap tat cac dam chay thé cip va ngan chan sy lay lan cla dam
chay. Thiét bi chivra phosphine c6 thé dwoc lam mat bang voi phun nwéc dé giam téc do giai
phéng phosphine hodc dé ngdn nglra thiét hai thém. Viéc nay tét nhat nén duoc thuc hién ti
xa. Voi phun nwéc dwoc kiém soat co thé giup gidm va gidm thiéu sy phan tan cla phosphine
va cac san pham phu cla né trong ddm may khi. Nwéc dung trong chiva chay cé thé bj nhiém
ban khi tiép xtc v&i cac san phadm phu phosphine bi oxy héa (oxit photpho va/hodc axit oxy), vi
vay can c6 cac bién phap dé ton chira va co thé x ly loai nwéc bi nhiém ban dé.

Although a phosphine fire shall not be extinguished until the flow of phosphine is stopped, water sprays
should be used to extinguish any secondary fire and to prevent the spread of fires. The phosphine
containing equipment can be kept cool by water sprays to decrease the rate of phosphine release or to
prevent further damage. This is best done at a distance. A controlled water spray can help knock down
and minimize the dispersion of phos- phine and phosphine by-products in the gas cloud. Water used in
firefighting can become contaminated when in contact with the oxidized phosphine by-products
(phosphorus oxides and/or oxyacids), so there should be measures in place to contain and possibly treat
such contaminated water.

Thiét bj phun nwéc didu khién tlr xa dwoc wu tién hon viéc st dung voi phun trong viéc lam mat
thiét bi va gidm s lay lan ctia dam chay. Néu viéc s dung voi phun tr& nén can thiét, nhan
vién van hanh nén & phia sau cac cau tric bao vé, & phia trwéc hwéng gié clia dam chay va
mac quan 4o bao hd cing SCBA.

Remote controlled water spray equipment is preferable to the use of hoses in cooling equipment and to
reduce the spread of fire. Should the use of hoses become necessary, operating personnel should remain
behind pro- tective structures, upwind of the fire, and wear protective clothing and SCBA.

Nhan vién chira chay hoac nhan vién khan cap khac nén lién lac va hop tac véi nhitng nguoi
quen thudc v&i cac tinh chat vat ly va déc tinh clia phosphine. Ho ciing nén lién !ac va hop tac
\ej nhirng nguoi quen thuéc véi cac vat liéu trong khu vwc khan cip. Cac diéu kién khong
mong muén cé thé yéu ciu cac hanh dong dac biét.

Firefighting or other emergency personnel should communicate and cooperate with personnel who are
familiar with the physical and toxicological properties of phosphine. They should also communicate and
cooperate with personnel who are familiar with materials in the area of the emergency. Unexpected
conditions may require special actions.

Néu mét chai phosphine hodc hé théng dwdng 6ng cap bi nb khién mét lvong I6n phosphine bi
gidi phong va bbc chay, cac didu kién c6 méi nguy c6 thé ton tai:

If a cylinder of phosphine or supply piping system is ruptured so that quantities of phosphine are released
and ignited, hazardous conditions can exist:

. Anh hwéng cla ngon Iua—M0| lo chinh la ngon Itra c6 thé tac doéng vao cac van va duo’ng

ong xung quanh, lam suy yéu céc cAu tric nay va c6 kha ning dan dén héng héc. C6 thé
xuét hién cac qua cau Iwa ho&c ngon Ira dang phut. Téc d6 va huo’ng gié co the lam thay
ddi hinh dang cua qua cau Ira hoac tia Ira thanh hinh elip va day né xa hon vé phia ha
lwu cha diém ro ri;
Flame effects—The major concern is that the flames can impinge on surrounding valves and piping
thus weakening these structures potentially leading to failure. Fire balls or jet fires can be present.
Wind velocity and direction can change the shape of the fire ball or jet to an elliptical shape and push
it further downwind of the release;

e Anh hwéng clta birc xa—M&bi quan ngai chinh 1a cac anh hwéng blc xa tr dam chay coé
thé dan dén viéc lam néng qua mirc cac thiét bi va dwong dng quy trinh 1an can; va
Radiation effects—The major concern is that radiation effects from the fire can result in the excessive
heating of adjacent equipment and process lines; and

e San pham phu cta phan &ng—Oxy héa phosphine tao ra nwéc va céc oxit photpho cung
axit oxy.

Reaction by-products—Oxidation of phosphine yields water and phosphorus oxides and oxyacids.

Mét phan tich méi nguy quy trinh (PHA) ky Iuo’ng v&i cac bién phap bao vé day du da dwoc xac
dinh phai dwoc thiét lap dé giam thiéu rdi ro cia moét sy ¢b tiém an.

A thorough process hazard analysis (PHA) with identified sufficient safequards shall be in place to
minimize the risk of a potential incident.

Doc tinh / Toxicology

5.2.1. Phoi nhiém phosphine / Phosphine exposure
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Phosphine c6 doc tinh cao ddi véi hé hd hdp va cac co quan clia con ngudi. Phosphine
c6 mui ca won hoac mui axetylen dung trong han. Mui clia phosphine phu thuéc vao tap
chat ma no6 chira va méi trvdng ma né dwgc giai phong vao.

Phosphine is highly toxic to the human respiratory system and organs. Phosphine has an odor of
decaying fish or welding grade acetylene. The odor of phosphine depends on the impurities it
contains and the environment into which it is released.

Méi nguy chinh déi véi con ngwdi 1a khd nang phoi nhiém phosphine nghé nghiép
khong dwoc nhan biét, dan dén gay ngd doc cap tinh. Khong thé dwa vao mui hodc
cadm giac kich &ng dé canh bao vé ndng dé doc hai, d&c biét khi c6 sy hién dién cia
cac khai, khi hoac hoi khac. Khoang 20% dén 50% sb ngudi la co thé phat hién
ngwdng mui tir 0.03 ppm dén 3 ppm [9, 10].

The main hazard to humans is the possibility of unrecognized occupational exposure to
phosphine causing acute poisoning. Neither smell nor sensory irritation can be relied upon for
warning of toxic concentrations, especially in the presence of other fumes, gases, or vapors.
Approximately 20% to 50% of persons can detect the odor threshold value of 0.03 ppm to 3 ppm
[9, 10].

DPé&c diém bénh ly chi yéu trong cac trwdng hop tlr vong cép tinh 1a phu phdi. Cac
trwdng hop nghiém trong nhwng khéng gay tlr vong thwong co triéu chirng dau va tirc
ngwc. Cac bat thwong than kinh bao gébm dau dau, chéng mat, run ray va dang di
khong virng, co thé tién trién thanh co giat, hén mé va t& vong; cac triéu chirng nay cé
thé giébng v&i tinh trang say rwou. Cac triéu chirng tiéu héa bao gdm chan an, khat
nwéc, budn nén, ndn, tiéu chay, dau vung thwong vi va vang da. Cac tac dong khac
dwoc md ta bao gdbm ban xuét huyét giam tiéu ciu va ha huyét ap.

The predominant pathological feature in acute fatal cases is pulmonary edema. Severe non-lethal
cases complain of pain and tightness in the chest. Neurological abnormalities include headache,
vertigo, tremors, and un- steady gait, and can progress to convulsions, coma, and death; they can
mimic alcoholic intoxication. Gastroin- testinal symptoms include loss of appetite, thirst, nausea,
vomiting, diarrhea, epigastric pain, and jaundice. Other effects described include
thrombocytopenic purpura and hypotension.

Con dwdng xam nhap chinh ctia khi phosphine vao co thé 13 qua ho hap. Phosphine cé
thé gay 3n mon duwdrng hd hap va chi yéu tin cong hé tim mach va hd hép, gay trc ché
hé than kinh trung wong (CNS), suy sup tudn hoan ngoai vi, nglrng tim va suy tim, ciing
nhw phu phéi.

The primary route of entry for phosphine is inhalation. Phosphine can be corrosive to the
respiratory tract and primarily attacks the cardiovascular and respiratory systems causing central
nervous system (CNS) depression, peripheral vascular collapse, cardiac arrest and failure, and
pulmonary edema.

Chwa c6 nghién ctru dai han nao vé tac dong clia phosphine déi voi dodng vat hoac con
ngwdi va khong co dir liéu lien quan dén kha néng gay dot bién, gay quai thai hodc gay
ung thw [26].

There have been no long-term studies on the effects of phosphine on animals or man and there
are no data relating to mutagenicity, teratogenicity, or carcinogenicity [26].

Cac triéu chirng khi phat nhanh va dwoc dac trwng béi:
Symptoms are rapid in onset and characterized by:

e dau dau;
headache;

e chdéng mat;
dizziness;

o yéuot;
weakness;

e tho o
apathy;

e budn nén;
nausea,

e nOn mira;
vomiting,
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ho;

cough;

kho thé;
dyspnea;

giam huyét ap;

decrease in blood pressure;

thay déi nhip tim;
change in pulse rate;
tiéu chay;

diarrhea;

run ray va co giat;
tremors and convulsions;
khat nwéc dir doi;
intense thirst;

tirc nguc;

tightness in the chest;
bdn chén;
restlessness;

tiéu hemoglobin;
hemoglobinuria;

liét; va

paralysis; and

hén mé [26].

coma [26].

— Bang 2 trinh bay cac gi¢i han phoi nhiém theo quy dinh dbi véi phosphine.

Table 2 shows regulatory exposure limits for phosphine.

5.2.2.

Diéu tri y té cho phoi nhiém phosphine / Medical treatment for phosphine exposure

- Cac thwc hanh quan ly chi tiét trvdc va trong bénh vién dé diéu tri phoi nhiém
phosphine cé thé dwoc tim thay trong
Detailed prehospital and hospital management practices for treatment of phosphine exposures
can be found in

— Huwéng dan Quan ly Y té cho Phoi nhiém Héa chat Cap tinh [27]. Cac diém chinh tir

cac hwéng dan nay déi véi phosphine bao gém:

Medical Management Guidelines for Acute Chemical Exposures [27]. Key points from these
guidelines for phosphine include:

Khéng cé thubc giai doc cho ngd doc phosphine. Viéc diéu tri bao gébm hd tro chire
nang hd hép va tim mach; va
There is no antidote for phosphine poisoning. Treatment consists of support of respiratory
and cardiovascular functions; and
Nan nhan chi tiép xuc véi khi phosphine khéng can khtr nhiém trwéc khi diéu tri y
té vi ho khong gay ra rdi ro nghiém trong vé lay nhiém thir cp cho nhan vién bén

ngoai viing nguy hiém.

Victims exposed only to phosphine gas do not need decontamination before medical
treatment as they pose no serious risks of secondary contamination to personnel outside the

hot zone.

Bang 2 - Gi¢i han phoi nhiém theo quy dinh déi v&i phosphine
Table 2—Regulatory exposure limits for phosphine

S6 CAS: 7803-51-2 Gia tri Tham chiéu
CAS Number: 7803-51-2 Value Reference
LC50 chudt 1 gior [27] [28]
LC50 rat 1 hour [27] 20 ppm

Gi&i han phoi nhiém cho phép (PEL) ciia OSHA Hoa Ky Trung 3 [29, 30]
binh theo thdi gian (TWA) cho Cong nghiép chung [28, 29] 0.3 ppm (0.4 mg/m*)
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U.S. OSHA Permissible Exposure Limit (PEL) Time-Weighted Average
(TWA) for General Industry [28, 29]

Recommended Exposure Limit (REL) STEL [28, 29]

Gidi han phoi nhiém khuyén nghi (REL) TWA [28, 29] o | [29, 30]
Recommended Exposure Limit (REL) TWA [28, 29] 0.3 ppm (0.4 mg/m”)
Gidi han phoi nhiém khuyén nghi (REL) STEL [28, 29] [29, 30]

1 ppm (1 mg/m3)

Noéng d6 nguy hiém ngay lap tirc dén tinh mang hodc strc khée [31]
(IDLH) ciia NIOSH [29]

NIOSH Immediately Dangerous to Life or Health (IDLH) Concentration 50 ppm
[29]
Mtrc hwéng dan phoi nhiém cap tinh (AEGLs) [30]
Acute Exposure Guideline Levels (AEGLs) [30]
AEGL-1 (30 phut) NR ppm
AEGL-1 (30 minutes) [32]
AEGL-2 (30 phut) 4.0 ppm
AEGL-2 (30 minutes)
AEGL-3 (30 phut) 7.2 ppm

AEGL-3 (30 minutes)

1

LUU Y / NOTES

NR: Khéng khuyén nghj do dir liéu khéng dd
NR: Not recommended due to insufficient data

PEL TWA: dwoc biéu thi dwdi dang trung binh theo thoi gian 1a ndng dd ctia mot chat ma hau hét
ngwdi lao ddng cé thé tiép xtic ma khong gay ra tac dung phu, dwoc tinh trung binh trong mot ngay
lam viéc binh thwdng 8 gie hodc mot tuan lam viéc 40 gio.

PEL TWA: expressed as a time-weighted average is the concentration of a substance to which most workers
can be exposed without adverse effects averaged over a normal 8 hours workday or a 40-hour workweek.

TLV STEL: méc phoi nhiém TWA 15 phat khdng duwoc vweot qué bat i Iic ndo trong ngay lam viéc.
TLV STEL: a 15 minute TWA exposure that should not be exceeded at any time during a work day.

REL TWA: dwgc biéu thi dwéi dang trung binh theo thdi gian la gi¢i han phoi nhiém khuyén nghi
cho mirc phoi nhiém trung binh theo thdi gian 8 hoac 10 gi& va/hodc mirc tran.

REL TWA: expressed as a time-weighted average is a recommended exposure limit for an 8 or 10-hour time-
weighted aver- age exposure and/or ceiling.

REL STEL: m(rc phoi nhi&m TWA 15 phuat khéng dwoc vuot qua bat ot ltic nao trong ngay lam viéc.
REL STEL: a 15 minute TWA exposure that should not be exceeded at any time during a workday.

IDLH: d& dadm bao rang nguwoi lao dong co thé thoat khéi diéu kién phoi nhiém cé kha néng gay tir
vong hodc anh hwéng xau dén sirc khde vinh vién ngay 1ap tirc hodc cham tré, hodc ngén can viéc
thoat khéi moi trudng.

IDLH: to ensure that a worker can escape from an exposure condition that is likely to cause death or immediate
or delayed permanent adverse health effects or prevent escape from the environment.

AEGL-1 1a ndng dd trong khdng khi (biéu thi bing ppm hodc mg/m3) clia mot chat ma trén mire dé,
dan so noi chung, bao gom ca nhiPhg ca nhan nhay cam, co thé trai qua sw Kho chiu dang K&, Kich
rng hodc mot sb tac ddng khdng triéu chirng khéng cdm gidc. Tuy nhién, cac tac dong nay khdng
gay tan tat va Ia tam thoi, cd thé hodi phuc khi ngirng phoi nhiém.

AEGL-1 is the airborne concentration (expressed as ppm or mg/m?) of a substance above which it is predicted
that the general population, including susceptible individuals, could experience notable discomfort, irritation, or
certain asymptomatic nonsensory effects. However, the effects are not disabling and are transient and
reversible upon cessation of exposure.

AEGL-2 1a nbng d trong khong khi (biéu thi bang ppm hodc mg/m?) clia mét chét ma trén mirc do,
dan soO nol chqnq, Dao gom ca nhwng ca nhan nhay cam, co thé ifral qua cac tac dopq Xau den suc
khde khéng thé ddo ngwoc hodc nghiém trong, kéo dai khac, hodc kha néng thoat hiém bi suy gidm.
AEGL-2 is the airborne concentration (expressed as ppm or mg/m3) of a substance above which it is predicted
that the general population, including susceptible individuals, could experience irreversible or other serious,
long-lasting adverse health effects or an impaired ability to escape.

AEGL-3 l1a nbng d6 trong khong khi (biéu thi bang ppm hozc mg/m3) clia mét chét ma trén murc do,
dan sO noi chung, bao gom ca nhirhg ca nhan nhay cam, co the trai qua cac tac dong xau déen strc
khée de doa tinh mang hodc t& vong.
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AEGL-3 is the airborne concentration (expressed as ppm or mg/m3) of a substance above which it is predicted
that the general population, including susceptible individuals, could experience life-threatening adverse health
effects or death.

8 DO voi gioi han phoi nhiém nghé nghiép (OELs) cho cac quéc gia Chau Au, tham khao SDS 100
cla EIGA vé phosphine tai www.eiga.eu.
For occupational exposure limits (OELs) for European countries, refer to EIGA’s SDS 100 for phosphine at
www.eiga.eu.

6. Thiét bj thao tac khi — can nhac chung / Gas handling equipment—general considerations

— Thiét bj dung dé thao tac phosphine phai dwoc thiét ké, ché tao va thiy nghiém theo cac yéu cau quy
dinh cla quoc gia noi thiét bi dwoc van hanh. Thlet bi phal duwoc thlet ké dé chiu dwoc ap suét va
nhiét d6 t6i da ma né sé dwoc van hanh. Cac yéu ciu vé ma dudng ong va binh chiu ap lwc dac biét
co the ap dung do déc tinh cao cta phosphine (vi du, vat liéu ASME Cép M). Xem Muc 8 dé biét cac
yéu cau vé chiét nap va déng géi chai khi. M6t PHA phai dugc thwe hién va ghi lai trén tat ca cac hé
th‘ong phosphine. Vi phosphine la mét loai khi rat doc, dé chay va tw bbc chay, can xem xét cac van
dé sau khi thiét ké hé thdng dé thao tac phosphine:

The equipment used to handle phosphine shall be designed, constructed, and tested in accordance with the
regulatory requirements of the country in which the equipment is operated. The equipment shall be designed to
withstand the maximum pressure and temperature at which it is to be operated. Special piping and pressure
vessel code requirements can apply due to the highly toxic nature of phosphine (for example, ASME Class M
material). See Section 8 for gas cylinder filling and packaging requirements. A PHA shall be performed and
documented on all phosphine systems. As phosphine is a highly toxic, flammable, and pyrophoric gas, consid-
eration should be given to the following issues when designing systems to handle phosphine:
e vatliéu ché tao;
materials of construction;
e tinh twong thich clia cac hop chat lam kin;
compatibility of sealing compounds;
e  4p suét hé thdng va bao vé qué ap;
system pressures and overpressure protection;
. loai van va loai b0 loc;
valve types and filter types;
e bngdan;
tubing;
o vatliéu tinh ché;
purification materials;
e kiém tra ro ri hé thdng va thong théi;
system leak tests and purge;
e kiém soat nhiét do hé théng;
system temperature control;
e sl dung diéu khién dién va s dung thiét bj dwoc phan loai dién;
use of electrical control and use of electrically classified equipment;
e héthéng giam sat;
monitoring system;
e héthéng xt ly khi thai;
abatement system;
e héthdng x3; va
system vent; and
e bo diéu ap.
regulators.
6.1. Vat liéu ché tao / Materials of construction

— Viéc Iwa chon kim loai va phi kim phai dwoc thwe hién co tinh dén hwéng dan twong thich trong
Bang 3. Diéu cuc ky quan trong 1a tat ca cac thiét bj kiém soat khi phai twong thich vé&i khi di
qua né. Viéc str dung thiét bi khdng twong thich véi khi dwoc st dung cé thé lam héng thiét bi
va gay ro ri, dan dén thiét hai tai san hoac thwong tich ca nhan. Néu mét vat lieu khéng duoc
liét ké va dwoc yéu cau sl dung cho phosphine va dwoc cho la twong thich, vat liéu do phai
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6.2.

6.3.

duwoc thtr nghigem trwdc dé xac nhan tinh twong thich trwdc khi st dung trong cac diéu kién
nhiét d6, ap suat va lwu lweng xac dinh.

Selection of metals and nonmetals shall be made taking into account the compatibility guide in Table 3. It
is extremely important that all gas control equipment be compatible with the gas being passed through it.
The use of a device that is not compatible with the service gas can damage the unit and cause a leak that
could result in property damage or personal injury. If a material is not listed and is required to be used in
phosphine service and is thought to be compatible, it should be first tested to confirm compatibility before
use under defined temperature, pressure, and flow conditions.

Huwéng dan twong thich vat liéu Bang 3 duwoc lap dé siv dung véi phosphine khé & nhiét d6 van
hanh binh thwdng la 21.1 °C (70 °F). Théng tin co thé thay dbi néu cé cac diéu kién van hanh
khac nhau.

The Table 3 material compatibility guide is prepared for use with dry phosphine at a normal operating
temperature of 21.1 °C (70 °F). Information can vary if different operating conditions exist.

Bang 3 - Hwéng dan twong thich vat liéu [33]
Table 3—Material compatibility guide [33]

Vat liéu ché tao
Materials of construction

Kim loai Nhwa Chat dan hoi
Metals Plastics Elastomers
g
2 o) o o
g SI3 | §: g & §
Slalalale|I|E |N 2le L £ @@ |z 8|8|g
Fl®o|l®|lo| 2|ZRg || X/ a|la|d|+—|+HloO|X|Z o] >
S|S|S|S|S|S|S|U|S|S|S ? S| S|S|S|S|S| S| S
S = Pat yéu cau U = Khéng dat yéu ca ? = Khéng rd ho&c di¥ liéu han ché
S = Satisfactory U = Unsatisfactory. ? = Unknown or limited data

LUU Y / NOTES

Gioang niken c6 thé chap nhan dwoc khi s& dung lam giodng cho hé théng chi sb duwdng
kinh an toan (DISS) ho&c khép ndi chan khéng kiéu VCR (Vacuum Coupling Radiation),
tuy nhién cé thé xay ra hién twong ddi mau bé mat.

Nickel gaskets are acceptable as a diameter index safety system (DISS)/vacuum coupling
radiation (VCR) gasket but discoloration of the surface can result.

2 Néu duwoc st dung, mét sb loai nhwa va chat dan héi hap thu phosphine.
If used, some plastics and elastomers absorb phosphine.

3 Mac du ISO 11114-1, Chai khi—Kha nang twong thich cla vat liéu chai va van véi thanh
phan khi—Phan 1: Vat liéu kim loai d& cap dén méi lo ngai vé hién twong gion Hydro, va
mac du cling dwoc thira nhan réng Hwéng dan dong goéi P200 clia Quy dinh mau UN yéu
cau déng dau “H” cho céac chai thép chira phosphine, nhuwng khéng cé bang chirng két
luan nao cho thdy phosphine la mét loai khi gay gion [34, 1].

While 1SO 11114-1, Gas cylinders—Compatibility of cylinder and valve materials with gas
contents—~Part 1: Metallic materials addresses concern for hydrogen embrittlement, and while it is
also acknowledged that the UN Model Regulations P200 Packaging Instruction requires an “H”
stamp for steel cylinders charged with phosphine, there is no conclusive proof that phosphine is an
embrittling gas [34, 1].

Tinh twong thich cta cac hop chat 1am kin / Compatibility of sealing compounds

Can xem xét tinh twong thich cta chét boi tron, phét, mé va cac hop chat 1am kin tiép xdc VOi
phosphine trong diéu kién binh thwong hodc bat thwong. Tham khao di liéu do nha cung cép

cung cap
Consideration should be given to the compatibility of lubricants, seals, greases, and sealing compounds
that come in contact with phosphine under normal or upset conditions. Refer to vendor supplied data.

Ap suét hé théng va bao vé qua ap / System pressures and overpressure protection
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Do tinh chét nguy hiém cta phosphine, mét phwong phap ky thuat va thiét ké than trong phai
dwoc ap dung cho hé théng, du 13 phosphine tinh khiét hay hén hop phosphine.

Due to the hazardous nature of phosphine, a conservative engineering and design approach shall be
applied to the system whether for pure phosphine or phosphine mixtures.

Ap suét hé thdng co thé cao do ap suét hoi clia phosphine & 21.1 °C (70 °F) la 3558 kPa, abs
(516 psia). Viéc sir dung dung thiét bi gidm ap la can thiét dé kiém soat ap suét hé théng (tham
khao 10.2). Viéc thiét ké phai giai quyét cac diéu kién ma ap suét hé thdng co thé chiu diéu kién
du6i ap suat khi quyén va hut khéng khi hodc cac chat gay 6 nhiém dong khi khac dwoc st
dung trong hé théng. Cac bién phap phong ngira phai duoc thyc hién dé dam bao rang khi
phosphine khéng ngwng tu va héa Idng trong cac khu vy quy trinh khéng danh cho chat lédng.
System pressures can be high due to the vapor pressure of phosphine at 21.1 °C (70 °F), which is 3558
kPa, abs (516 psia). The correct use of pressure reduction equipment is essential to control system pres-
sure (refer to 10.2). Design should address conditions where system pressure can be subjected to
subatmos- pheric conditions and draw in air or other gas stream contamination that is used in the system.
Precautions shall be taken to ensure that phosphine gas does not condense and liquefy in process areas
not intended for liquid.

Céc hén hop phosphine dang khi thwérng dwoc chiét nap & ap suat nhé hon hodc bang ap suét
lam viéc dinh mirc cla chai. Cac bang didu khién khi thworng siv dung bo diéu ap dé gidm ap
suét chai xudng diéu kién van hanh. Pam bao rang tat ca cac thanh phan trong hé théng dwoc
dinh mirc cho cac &p suét nay.

Gaseous mixtures of phosphine are routinely packaged at pressures less than or equal than the rated
cylinder working pressure. Gas panels typically use a gas regulator to reduce the cylinder pressure to the
operating condition. Ensure that all components in the system are rated for these pressures.

Trong trwéng hop ap suéat thlet ké hé thdng c6 thé bj vwot qua do bét ky 16i thanh phan ho&c 16i
van hanh nao, phai cung cap bao vé qua ap. Viéc bao vé qua ap co the bao gom céc thiét bi
gidm ap (PRD) va/hodc hé théng c6 thiét bi do tiy thudc vao cac yéu ciu luat cha dia phwong.
Where system design pressures can be exceeded due to any component failure or operator error,
overpressure protection shall be provided. Overpressure protection may involve pressure relief devices
(PRDs) and/or instru- mented systems depending on local code requirements.

Céc cira xa van an toan clia hé thong dwong 6ng phai dwoc lién két vai mét hé thdng xi ly khi
thai dworc thiét ké phu hgp hodac vi tri an toan (néu dwoc phép).

Piping system safety relief valve outlets shall link to a properly designed abatement system or safe location
(where permitted).

TAt ca cac chét thai tir viéc x& khan cap quy trinh nhw PRD, v.v., ma khéng di dén hé thdng x&
ly khi thdi phai dwoc:

All discharges from process emergency venting such as PRDs, etc., that do not go to an abatement
system shall be:

e dan ra bén ngoai cac toa nha;
piped to the outside of buildings;

e  xara khu vic an toan cach xa nhan sw; va
discharged to a safe area well away from personnel; and

e dwoc xac nhan chip nhan duwoc bang cach st dung phan tich phan tan.
confirmed acceptable by use of dispersion analysis.

Tham khao Muc 11.
Refer to Section 11.

Loai van va loai bo loc / Valve types and filter types

Van mang kim loai va van éng mém (bellows) bang kim loai cung cap do kin ro ri tét hon so v&i
céc loai van s dung vat liéu chén (packed valves). Khong khuyén nghi st dung vat liéu phi kim
loai cho mang hodc 6ng mém do kha ndng thadm thau cta khi phosphine qua vat liéu phi kim.
Céc loai van bi, van buém, van ctra, van kim hodc van cé vat liéu chén khéng duoc khuyén
nghi st dung trong hé théng khi phosphine do nguy co rd ri cao hon, cé thé xay ra qua hodc
xung quanh ghé van, cac vong dém hoéc than van.

Metal diaphragm valves and bellows valves provide a better leak tightness as compared to packed valves.
The use of nonmetal material for diaphragms or bellows is not recommended due to the permeation
potential of phosphine through the nonmetal. Ball valves, butterfly valves, gate valves, needle valves, or
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packed valves are not recommended for use in phosphine service due to a higher leak potential either
through or around the valve seat, seals, or the valve body.

Bo loc lwdi lam bang thép khéng gi hoat ddng tdt, cling nhw nhitng bd loc lam béng
polytetrafluoroethylene (PTFE). B loc kim loai thiéu két ciing dwoc khuyén nghi. Phosphine da
dwoc chirng minh la phan hdy thanh phosphor va Hydro trén bé& mat vat liéu loc niken. Téc do
phan hidy duoc tim thay 1a thap & nhiét 46 mai trwang. Tuy nhién, khuyén nghi khong nén st
dung bd loc niken trong cac wrng dung nong dod phosphine thap (vi du, dwsi 1000 ppm). Theo
thoi gian, sw phat trién cia mét I&p mang ran niken phosphide trén bé mat mang loc cé thé lam
tang do sut ap qua bo loc va lam gidm hiéu suét loc.

Mesh filters made of stainless steel work well as do those made of polytetrafluoroethylene (PTFE).
Sintered metal filters are also recommended. Phosphine has been shown to decompose to phosphorous
and hydrogen on the surface of nickel filter media. The decomposition rate was found to be low at ambient
temperatures. However, it is recommended that nickel filters not be used in low phosphine concentration
applications (for example, less than 1000 ppm). Over time a solid film growth of nickel phosphides on filter
membrane surfaces can increase the pressure drop across a filter and degrade filter performance.

Viéc st dung céc 16 han ché dong chay (RFO) da la mot thwe hanh thwdng xuyén ké ti gitra
nhirtng nam 1980. Vi dy, bd han ché c6 dwdng kinh nhé 0.152 mm (0.006 in), 0.254 mm (0.010
in) va 0.3 mm (0.012 in), va dwoc lam tir vat liéu thép khéng gi. Trong khi cac thiét ké ban dau
c6 mo6t bé phan loc cé kha néqg gitr cac hat I&n hon hai micron, viéc str dung céac bd loc nhw
vay hién khong phai la mot phan cua RFO dang dwoc sir dung ngay nay. RFO dwoc ren vao
dau ra cla van. Trong trwd'ng hop duo’ng ong quy trinh bi dirt hogc van bi mo ngau nhién RFO
lam gidm dang ké lwong khi co the bi rd ri va can dwoc x& ly vé méi trwdng. Mot sé khu vic
phép ly va céng ty bdo hiém yéu cau sir dung RFO.

The use of restrictive flow orifices (RFOs) has been a routine practice since the mid-1980s. For example,
the restrictor has a small diameter of 0.152 mm (0.006 in), 0.254 mm (0.010 in), and 0.3 mm (0.012 in),
and is of stainless steel materials of construction. While early designs had a filter element capable of
capturing particles that were greater than two microns, the use of such filters is not currently part of RFOs
in service today. The RFO threads into the valve outlet. In the event of a shearing of a process line or a
valve being accidentally opened, the RFO significantly reduces the amount of gas that could be released
and that would need to be environmen- tally treated. Some jurisdictions and insurance companies require
the use of RFOs.

Ciing trong nhitng ndm 1980, cac van diéu khién bang khi nén bat ddu dwoc st dung. Chang
cho phép mé& va déng van chai tir xa, va mang lai mét bién phap an toan bd sung ca khi chiét
nap cling nhw tai diém st dung.

Also during the 1980s, air actuated valves began to be used. They allowed for remote opening and closing
of the cylinder valve, and afforded an extra measure of safety both at the filling as well as at the point of
use.

Ong dan / Tubing

Mot so co quan quéc gia hodc cong ty bdo hiém yéu cau s dung ong dan dodng truc khi hé
thong dng ndm ngoai vung c6 hé théng hut khi. Cac phwong phap két néi bang han hoac két
nGi mat kim loai la Iywa chon wu tién do kha nang dam bao dd kin khi. Viéc st dung cac loai
khép néi co khi nén dwoc han ché.

Some national bodies or insurance companies require the use of coaxial tubing when the tubing is outside
of an exhausted enclosure. Welded or metal face seal connections are the preferred connection methods
due to their leak integrity. The use of mechanical fittings should be limited.

Do tinh khiét / Purity

Phosphine trong nganh céng nghiép dién t&r dwoc nha cung cép cung cap v&i dd tinh khiét cao.
Do tinh khiét dwoc cung cap dao dong tlr 99.995% dén 99.9999+%. Viéc tinh ché tai diém st
dung cé thé dwoc dung dé loai bd cac chat gay 6 nhiém bd sung.

Phosphine in the electronic industries is offered at high purity by the supplier. Purities offered range from
low 99.995% to 99.9999+%. Point of use purification can be used to remove additional contaminants.

Mét hé thdng théng thdi phai dwoc hoan thanh trwde khi st dung hodc thao dé thiét bi tinh ché.
A system purge shall be completed before the use or removal of the purifier.

Kiém tra ro ri va thong théi hé théng / System leak tests and purge
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Sau khi 18p dat hodc bdo tri hé théng, hé théng phai dwoc kiém tra ro ri va thong théi bang khi
tro trwde khi dwa vao van hanh véi phosphine hodc hdn hop phosphine.

After system installation or maintenance, the system shall be leak checked and purged with an inert gas
before commissioning with phosphine or phosphine mixtures.

Cac két ndi thwong xuyén dwoc thdo 1ap lai trong qua trinh (vi du, 6ng néi mém chai hodc cac
két ndi khac) phai dwoc kiém tra rd ri & ap suat bang hodc Ién hon ap suat ngudn.

Connections that are routinely remade in the process (for example, cylinder pigtail or other connections)
shall be leak checked at a pressure equal to or greater than the source pressure.

Cac hé thdng thong théi tét nhat [a nhirvng hé thdng dwoc tw dong héa. Sé chu ky thong thdi 1a
ham cla ap suét théng thdi khi tro sén c6, viéc si dung chan khong, kich thudc cta hé théng
dng/dudng bng can thong thdi va gia tri pha lodng cubi cing mong mudn. Cac khi théng théi
phd bién Ia nito va heli. Hydro cling duoc st dung lam khi thong thoi. Cac hé théng cung cép
khi dién hinh phai dugc thdng thdi dén mirc phosphine an toan. Viéc str dung kiém soat thong
th0| tha cong tiém &n nguy co 16i van hanh cao hon va yéu cau hwéng dan van hanh ré rang
néu dwoc str dung.

The best purge systems are those that are automated. The number of purge cycles is a function of the
inert purge pressure available, the use of vacuum, the size of the tubing/piping system to be purged, and
the desired final dilution value. Common purge gases are nitrogen and helium. Hydrogen is also used as a
purge gas. Typical gas delivery systems shall be purged to a safe level of phosphine. The use of manual
purge control has a higher potential for operator error and requires clear operator instructions if used.

Kiém soat nhiét dd hé théng / System temperature control

Céc hé thdng s dung phosphine co thé hoat dong & cac nhiét dd khac nhau tuy thudc vao &ng
dung. Mot s6 hé thdng co thé yéu ciu ngudn nhiét bén ngoai cho chai va dwdng 6ng xt ly dé
duy tri lvu lwong san phdm. Cac chai va dwdrng 6ng x& Iy khdng dwoc vrot qua 50 °C (122 °F).
Ngoai ra, khdng khuyén nghi Iam néng trwc tiép cac chai bang cach str dung bo gia nhiét dién
tré. Lu tién 1am néng gidn tiép hodc st dung chdn swdi va bd gia nhiét dwdng éng dwoc phé
duyét, phan loai dién.

Systems using phosphine can operate at varying temperatures depending on the application. Some
systems can require an external heat source for the cylinder and process lines to maintain product flow.
Cylinders and process lines shall not exceed 50 °C (122 °F). In addition, directly heating cylinders using
resistance heaters is _not recommended. Indirect heating or the use of approved, electrically classified
heating blankets and line heaters is preferred.

Khi lam viéc v&i bat ky loai khi hda Idng nén ndo, viéc san phdm ngwng tu trong cac dwdng 6ng
cdng nghé la diéu cé thé xay ra, dic biét khi dong sén pham di chuyén dén khu vuwe twong doi
mat hon trong hé thdng. Hay st dung mdi quan hé gitra ap suét hoi va nhiét dd, nhv minh hoa
trong Hinh 1 va Hinh 2, dé tranh hién twong ngwng tu san pham trong cac dwong dng cdng
nghé tai bat ky mere dp suit va nhiét do nao.

When working with any compressed liquefied gas, product condensing in process lines is a possibility,
especially when product flows to a relatively cooler area of the system. Use the vapor pressure versus
temperature rela- tionship such as the one shown in Figure 1 and Figure 2 to avoid condensation of the
product in the process lines at any given pressure and temperature.

Str dung diéu khién dién va str dung thiét bi dwoc phan loai dién / Use of electrical control
and use of electrically classified equipment

Vi phosphine dé& chay va tw bdc chay, cac hé théng dién phai dap (ng cac yéu ciu cla cac quy
dinh dia phwong vé phan loai chat dé chay.
Since phosphine is flammable and pyrophoric, electrical systems shall meet the requirements of the local
regu- lations covering flammable classifications.

Cac phan loai nay danh cho cac chat 1dng dé chay bay hoi théng thwéng hoac khi d& chay ma
néu tron 1an véi khong khi cé thé chay hodc nd. Trong nhirng trwérng hop nhw vay, 1dng, hoi
hoac khi thwong dwoc chira trong cac binh chtra kin hoac hé théng kin ma tlr d6 ching chi co
thé thoat ra trong trwdng hop nd hodc hw héng ngau nhién. Can lwu y rdng ndng dd dé bét Itra
ctia khi hodc hoi ctia khi dé chay, hoi do chéat 16ng dé chay tao ra, hodc hoi do chét 16ng dé bat
ICra tao ra khi tron 1an véi khong khi thwérng dwoc ngdn chan bang cach cé hé théng thong gié
co hoc cwdng blrc hoat ddng dwdi ap suat am. Piéu nay cé thé tré thanh méi nguy théng qua
sy cb hodc hoat ddng bat thuwdng cua thiét bj théng gid.
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These classifications are for generic volatile flammable liquids or flammable gases that if mixed with air
can burn or explode. In such cases, liquids, vapors, or gases are normally confined within closed
containers or closed systems from which they can escape only in case of accidental rupture or breakdown.
It should be noted that ignitable concentrations of gases or vapors of flammable gas, flammable liquid-
produced vapor, or combustible liquid-produced vapor mixed with air are normally prevented by having
forced mechanical ventilation that is under negative pressure. This could become hazardous through the
failure or abnormal operation of the ventilating equipment.

LUU Y—Céc lap dat phosphine ngoai trdi tai Hoa Ky thwdng khéng yéu cau phan loai dién.
NOTE—Outdoor phosphine installations in the United States generally do not require electrical
classification.

Hé théng giam sat. / Monitoring system
6.10.1. Giam sat khi / Gas monitoring

— Céan dam bao rang nhan sw ciing nhw thiét bi x& ly dwoc bdo vé bdi cac hé thdng phat
hién phosphine chinh xéac, hiéu qua, dé s dung va bao tri.
There is a need to ensure personnel as well as process equipment are protected by phosphine
detection systems that are accurate, efficient, and easy to use and maintain.

— Nhitng nguwoi tiép xic véi ndng dd nguy hiém coé thé khéng nhan biét dwoc sy hién
dién ctia khi nay. Cac triéu chirng co thé xuét hién muodn va chi biéu hién sau vai gio.
Hé thdng giam sat khi lién tuc theo déi cac vi tri chinh c6 kha nang xuét hién khi
phosphine, bao gbm nhwng khéng gi¢i han & cac khu vuc sau:

Persons exposed to hazardous levels could be unaware of its presence. The manifestation of
symptoms can be delayed and appear after several hours. A gas monitoring system continuously
monitors primary locations for phosphine including, but not limited to, the following areas:

e tbn chira;
storage;

¢ khu vwc van hanh;
operator areas;

e t0 chira khi;
gas cabinets;
¢ phong thi nghiém;
laboratories;
fume hoods;
e phong xt ly; va
process rooms; and
e khi thai hé thdng gidm thiéu.
abatement system exhaust.
— Hé théng giam sat khi phai cé ngudn dién dw phong. Tham khao 7.1 dé biét thong tin vé
kiém soat an toan sinh mang.
The gas monitoring system shall have a backup source of power. Refer to 7.1 for information on
life safety control.

— Céac phuwong phap phat hién khac nhau, cling nhw dd nhay cta ching déi véi

phosphine va dd nhay chéo véi cac khi khac. Mong muén cé mét hé théng cé kha néng
két ndi cac hé thdng hién co tir cac nha san xuat khac nhau va kha néng dap &ng viéc
m& rong lién tuc. Cac loai dau do dién hinh phu hop cho phosphine la:
Detection methods vary, as do their sensitivity to phosphine as well as cross-sensitivity to other
gases. It is desirable to have a system capable of networking existing systems from various
manufacturers, and the ability to accommodate ongoing expansion. Typical detector types suitable
for phosphine are:

 hép thu quang;
photo-absorption;

e ion hda quang;
photo-ionization;
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e dién hoa;
electrochemical;

e bang do mau;
colorimetric tape;

e d0 dan nhiét; va
thermal conductivity; and

e hat xuc tac.
catalytic bead.

Hé théng phat hién khi voi khoang thoi gian cam bién khong qua 5 phut co thé duoc

yéu cau & mot s6 khu vire phap ly nhat dinh.

A gas detection system with a sensing interval not exceeding 5 minutes can be required in certain

jurisdictions.

Giam sat chay va khai / Fire and smoke monitoring

Khi phosphine chay, né tao ra mét dam khai trdng dac cta phosphor pentoxit (P20s).
Nhirng khoi nay 1a chéat gay kich rng duweng hé hap nghiém trong do sw hinh thanh
nhanh chéng ctia axit orthophosphoric (HsPO4) khi tiép xtc véi dd dm (nwéc) trong phdi
nguwoi.

W%en phosphine burns, it produces a dense white cloud of phosphorus pentoxide (P20s) fumes.
These fumes are a severe respiratory tract irritant due to the rapid formation of orthophosphoric
acid (H3PO4) on contact with moisture (water) in human lungs.

Vi khi phosphine c6 tinh d& chay va cé kha ning tw bdc chay (pyrophoric & néng dod
cao), viéc giam sat ngon Itra 1a phu hop. Tuy nhién, mdi nquy ban dau la déc tinh cao
cla khi ndy & ndng dd thap tinh theo ppm. Mi quan ngai vé doc tinh nay xay ra & mdc
thdp hon nhiéu so v&i gi¢i han chay thdp (LFL) cGa phosphine. Do d6, khuyén nghi
rang viéc gidam sat khi nén tap trung vao phat thai @ mirc ppm bén canh viéc giam sat
ngon Itra. Déi vé&i cac mbi quan ngai & ndng dé cao hon, nén str dung hé thdng giam
sat c6 kha nang phat hién ngon Itra.

Since phosphine is flammable and capable of autoignition (pyrophoric at higher concentrations),
monitoring for a flame is appropriate. However, the initial hazard is the high toxicity of the gas at
low _ppm levels. This toxicity concern occurs well below the LFL of phosphine. Thus, it is
recommended that gas monitoring should be directed to ppm emissions in addition to flame
monitoring. For higher concentration concerns, a monitoring system capa- ble of detecting a flame
is recommended.

Cac dau do ngon Itra phii hop cho dich vu phosphine phai dwoc dat dé phat hién chay
& cac khu vwc cd kha ndng ro ri phosphine. Bat ctr khi ndo phat hién ngon Itra, viéc
dirng ngay lap ttrc qua trinh A bat budc. Diéu nay dwoc thwe hién tét nhat bang cac van
tw déng dwoc diéu khién bang nito thay vi khdng khi. M6t canh bao phai dwoc truyén di
dé cac bén chiu trach nhiém cé thé hanh dong theo diéu kién.

Flame detectors suitable for phosphine service shall be located to detect fire in potential
phosphine leak areas. Whenever flame detection occurs, immediate shutdown of the process is
required. This is best achieved with automatic valves controlled with nitrogen instead of air. An
alarm should be transmitted so responsible parties can act on the condition.

Viéc st dung dau dd ngon Ira to ngoallhong ngoai (UV/IR) phu hop cho dich vu
phosphine. Cac dau do khac cé thé cung cap kha nang phat hién twong dwong tuy
thudc vao vi tri ddu do va hanh dong yéu cdu. Cac chi bao tang nhiét do cling co thé
phu hop dé s dung trong nha. Cac hé thdng nhw vay hoat déng tét nhat trong moi
trwdng dwoc kiém soat bdi hé théng swdi, thong gio va diéu hoa khéng khi (HVAC).

The use of ultraviolet/infrared (UV/IR) flame detectors is suitable for phosphine service. Other
detectors can offer comparable detection depending on detector location and action required.
Temperature rise indicators can also be suitable for indoor use. Such systems work best in
heating, ventilation, and air conditioning (HVAC) controlled environments.

Tham khao 7.1 dé biét thém cac can nhéc vé giam sat khi.
Refer to 7.1 for additional gas monitoring considerations.

6.10.3. Hé théng trong nha / Indoor systems
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Cac dau do ngon Itra dwoc sk dung trong nha phdi dwoc dat trong phong hoac bén
trong td chira khi tuy thudc vao yéu cau tdn chra chai va muc dich s dung. Cac khu
vue rd ri tiém nang bao gom:

Flame detectors used indoors shall be located in the room or within gas cabinets depending on
cylinder storage requirements and use. Potential leak zones include:

* van chai (giao dién chai, PRD va cac két ndi dau ra);
cylinder valves (cylinder interface, PRDs, and outlet connections);

«  thiét bji xtr Iy (10 phan Gng, bom chin khong, hé théng tinh ché);

process equipment (reactor, vacuum pump, purification systems);

«  bang diéu khién qua trinh va thong thoi; va
process and purge panels; and

* Ong xa.
exhaust ducts.

TG chra khi ho&c td hut phai dwoc trang bi hé théng phun nwéc tw dong. Pau phun
nwéc phai dwoc dinh vi dé gitr cho chai va hé théng bang diéu khién khi lién quan mat
mé, nhung khéng nhdm muc dich dap tat dam chay trong ta hodc ti hat. Thwdng cé
cac yéu cau cu thé vé lvu lvong nwdc va thdi gian phun nwéc phai dwoc tuan tha.
Nhirng diéu nay la d&c thu cta quy dinh quéc gia.

Gas cabinets or fume hoods shall be equipped with automatic sprinkler systems. The sprinkler
head(s) should be positioned to keep the cylinder(s) and related gas panel system cool, but not
meant to extinguish a fire in the cabinet or hood. There are generally specific requirements on
water flow rate and duration of water spray that shall be followed. These are national code
specific.

Hé théng ngoai tr&i / Outdoor systems

Céc dau do ngon Itra dwoc sir dung ngoai trdi nén twong thich véi méi trwérng. Chung
nén duoc thtr nghiém thwc dia dé tranh bao dong sai do anh sang maét troi, han ho
quang, chiéu sang nhan tao hodc cac ngudn lac khac cé thé vé tinh kich hoat dau do.
Flame detectors used outdoors should be compatible with the environment. They should be field
tested to avoid false alarms due to sunlight, arc welding, artificial lighting, or other stray sources
that can inadvertently activate the detector.

Trong, trwong hop héa hoan, cac hé théng phqsphipe va chai nén ﬁwcyc l[am mat thay vi
dap tat vi sw ro ri phosphine lién tuc cé thé dadn dén mét vu né tiém an cta phosphine
tich tu.

During a fire phosphine systems and cylinders should be cooled rather than extinguished since
the continued leakage of phosphine could result in a latent explosion of accumulated phosphine.

Hé théng phun nwoc xa tran thi cong hoac ty dong (khi can thiét) phu hop @& kiém
soat hé thong ngoai troi.

A manual or automatic (where required) deluge water spray system is suitable for outdoor system
control.

Cac hé théng phai dwoc thiét ké va I&p d&t theo quy dinh qudc gia dé dam bao tuan tha.
Thudng cé cac yéu ciu cu thé vé luu lwong nwdc va thdi gian phun nwéc phai dugc
tuan thd. Nén xem xét viéc bao vé cac ciu tric lan can.

Systems shall be designed and installed in accordance with national regulations to ensure
compliance. There are generally specific requirements on water flow rate and duration of water
spray that shall be followed. Protec- tion of nearby structures should be considered.

6.11. Hé théng giam thiéu / Abatement system

Tham khao Muc 11.
Refer to Section 11.

6.12. Dwong xa hé thong / System vent
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Tét ca cac duwong xa trong hé thong phai dugc dan dén hé thdng xir ly khi thai. Cac duwong xa
nay bao gom: khi thai ttr bom chan khong, dwdng xa cta hé thong va khi thai tir venturi chan
khdng.

All vents in the system shall be directed to an abatement system. These include vacuum pump exhaust,
system vent, and vacuum venturi exhaust.

7. Quy trinh va van hanh / Process and operation

71.

Kiém soat an toan sinh mang (hé théng phat hién khi va bao déng) / Life safety control (gas
detection and alarm systems)

Céac quy trinh phai dwoc thiét 1ap dé kiém soat sy phoi nhiém cla ngudi lao dong voi
phosphine va cac sé&n pham phu cla né. Viéc tuan tha cac quy trinh nay c6 thé ngan nglra cac
tac dong bat loi cla viéc phoi nhiém tai noi 1am viéc théng qua phoi nhiém qua dwéng hé hap
hodc qua da. Hoat dong tuan tha cu thé cé thé dwoc quy dinh béi cac quy dinh qudc gia. Cac
muc sau day nén dwoc coi la mét phan ctia chwong trinh kiém soat an toan sinh mang.
Procedures shall be in place to control worker exposure to phosphine and its by-products. Compliance
with these procedures can prevent adverse effects of exposure in the workplace through air exposure or
through skin ex- posure. Specific compliance activity can be prescribed by national regulations. The
following items should be considered part of a life safety control program.

7.1.1. Giam sat / Monitoring

- Giam sat khong khi/dat tai noi lam viéc vé mdi trung—Sw phoi nhiém nghé nghiép
phai dwoc kiém soat dé khéng ngwdi lao dong nao bi phoi nhiém véi ndng dd 1én hon
mtrc cho phép, du & & dang khi hay hop chét vé co rén;

Environmental workplace air/land monitoring—Occupational exposure shall be controlled so that
no worker is exposed to concentrations greater than allowed either as gas or solid inorganic
compound;

- Hiéu chuan/kiém tra thiét bi giam sat—Kiém tra dinh ky thiét bj giam sat d& xac minh
hiéu suat va do tin cay;
Monitor calibration/inspection—Routine inspection of monitoring equipment to verify performance
and relia- bility;

- Giam sat hoat dong/hiéu suét ctia hé théng giam thiéu—Kiém tra dinh ky thiét bi gidm
thiéu dé xac minh hiéu suét va do tin cay; va
Monitor operation/performance of abatement systems—Routine inspection of abatement
equipment to verify performance and reliability; and

—  Céc thiét bi phat hién ro ri phai dwoc lap dat dé kich hoat cac hanh ddng (rng phé khan
cép tuan tha céc quy dinh clia co quan cé thdm quyén (AHJ).
Leak detection devices shall be installed to trigger emergency response actions in compliance
with regula- tions of the authorities having jurisdiction (AHJ).

7.1.2. Hé thdéng an toan sinh mang / Life safety system

- Xem xét dinh ky sw can bang khong khi ctia hé théng HVAC trong toan bo tda nha, cac
ta hat khi, ta khi va hé thdng xt ly khi thadi — Theo thai gian, lwu lweng khi cap va khi
x& co thé thay déi, dan dén téc dod hat khi yéu cau thdp hon mirc can thiét. Cac van
diéu tiét thong gié nén dwoc cb dinh tai ché dé tranh 1am thay déi ché do6 thong gio gitra
céac lan can bang khéng khi.
Periodic review of HVAC air balance through building, fume hoods, gas cabinets, and abatement
systems— With time, air flows/exhausts can change and required capture velocities could be less
than required levels. Ventilation dampers should be locked in place to prevent the altering of
required ventilation between air balances;

- Kiém tra va thir nghiém hé thdng bao dong—Kiém tra va thir nghiém dinh ky hé théng
bao déng dé xac minh hiéu suat va do tin cay;
Alarm testing and inspection—Routine testing and inspection of alarm systems to verify
performance and reliability;

— Vi phosphine la mot loai khi dé& chay va tw bdc chay, cac hé théng chiva chay phai dwoc
xem xét va tuan tha cac quy dinh cta AHJ;
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Since phosphine is a flammable and pyrophoric gas, firefighting systems shall be considered and
follow regulations of the AHJ;

Hé théng rira khi hodc théng gié nén dwoc lap dat dé x& ly ro ri khi. Cac quy dinh quéc
gia c6 thé yéu cau rira khi hodc thong gio dé xt Iy ro ri khi; va

Gas scrubbing or ventilation systems should be installed to handle gas leaks. National regulations
may re- quire gas scrubbing or ventilation to handle gas leaks; and

Khu vue ton chira khi va quy trinh nén dwoc thiét ké véi nhiéu hon mét 16i thoat.
Gas storage and process areas should be designed with more than one exit.

Quan ly / Management

Quan ly trang phuc lam viéc — Thay dé hang ngay, cé khu vwc danh cho quan 4o bi
nhiém ban, va phong thay dd tach biét khdi méi trwéng san xuét.

Work clothing management—Daily change outs, a place for contaminated clothing, a separate
locker room from manufacturing environment;

Nguwdi lao dong dwoc yéu cau trang bi thiét bj bao vé hé hap va phai dwoc danh gia 'y
té va kiém tra do vira van dé xac nhan kha ndng va sw cho phép s dung ctia ngudi lao
dong. Nguwoi lao déng ciing phai dwoc dao tao va cap chirng chi vé viéc st dung thiét
bi bdo hd ca nhan (PPE);

Workers who are required to wear respiratory protection shall be medically evaluated and fit tested
to confirm worker ability and clearance for use. Workers shall also be trained and certified in the
use of personal pro- tective equipment (PPE);

DPao tao va rng pho khan cadp—bao tao nén dwoc thwe hién vé trng phoé khan cap véi
céac tinh hudng c6 thé lién quan dén viéc gidi phong hodc phoi nhiém phosphine va cac
san pham phu;

Training and emergency response—Training should be conducted on the emergency response to
situations that involve the possible release or exposure to phosphine and by-products;

Dao tao nhan thirc chung—Nhan sy tham gia vao viéc san xuét, ché bién, bao tri, thao
tac, tdn chira va/hodc van chuyen pha| duoc dao tao vé cac tac dong phoi nhiém (dau
hiéu, triéu chirng, chadm séc y té) cla phosphine va cac san pham phu béng cach st
dung SDS va cac thong tin an toan khac lién quan dén moi trwvong va nhan sy. Viéc
dao tao bd sung c6 thé dwoc yéu ciu bdi cac co quan cé thdm quyén dia phuong, bao
gdm an toan cho nhan vién, bado tri phong nglra va cac chwong trinh quan ly méi

trwong;
General awareness training—Personnel involved in the manufacturing, processing, maintenance,

handling, storage, and/or transportation shall be trained on the exposure effects (signs, symptoms,
medical attention) of phosphine and by-products using the SDS and other safety information
related to the environment and to personnel. Additional training can be required by local
jurisdictions that include personnel safety, preventive maintenance, and environmental
management programs;

Céc chuwong trinh lwu gitr hd so—Mét chwong trinh nén dugc 1ap thanh van ban giai
thich nhirng gi can ghi lai, khi nao ghi lai, tan suét ghi lai, noi tén chiva hd so va thoi
gian lwu tri¥ hé so trudc khi thai bo;

Record keeping programs—A program should be documented explaining what to record, when to
record, how often to record, place of record storage, and length of time for records to be stored
before disposal;

Ghi nhan san phadm/binh chira—V&i tén day di va cac mdi nguy hiém ap dung theo yéu
cau cla quy dinh;

Labeling of products/containers—With complete name and applicable hazards as required by
regulations;

Cac quy trinh/thyc hanh céng viéc ré rang, dwec 1ap thanh van ban—Kiém soat thiét bi,
lam sach quy trinh, thai bd chét thai va kiém soat van hanh; va

Clear, documented work practices/procedures—Control of equipment, process clean-up, waste
disposal, and operations control; and
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7.2.

7.3.

— K& hoach hanh déng khan cap—cac giao thirc (rng pho va so tan dbi véi cac bao dong
tai chd, sy cb ro ri va gidm thiéu mat chat gay 6 nhiém.
Emergency action plan—response and evacuation protocols for site alarms, releases, and
abatement of loss of contaminant.

Quy trinh van hanh va nhan sw / Operational procedures and personnel

Can c6 hwéng dan cong viéc bang van ban dwoc xac dinh rd rang dé dam bao viéc thao tac va
van hanh khi phosphine mét cach an toan. Hwéng dan cong viéc can mé ta chi tiét day da
thong tin can thiét vé cach thwc hién mot nhiém vu cu thé. Cac huwéng dan nay phai dwoc viét
bang ngon ngir r& rang va don gian, va c6 thé tén tai dwdi bat ky hinh thire hién thi nao. Hwéng
dan phadi dwgc quan ly phién ban, va phién ban mai nhat cta hwéng dan coéng viéc phai luén
sén sang dé nguwdi van hanh tham khao khi cé thdc méc.

Clearly defined written work instructions are required to ensure safe handling and processing of
phosphine. The work instruction should describe in sufficient detail the information needed on how fo
perform a specific task. These work instructions shall be written in a clear and simple language and shall
exist in any viewable form. Instructions shall be under version control and the latest versions of the work
instructions should be readily avail- able to the operator should questions arise.

Ngwoi van hanh phai dwoc thong bao va dao tao khi cac quy trinh thay déi. Viéc danh gia rdi ro
phai dwoc thwe hién dbi voi tat ca cac hoat dong lién quan dén phosphine. Bat ky thay ddi nao
dbi v&i cac quy trinh hodc thiét bi quy trinh nay phai dwoc xem xét theo cac thwe hanh vé quan
ly sy thay ddi (MOC).

Operators shall be notified and trained when procedures are changed. A risk assessment shall be carried
out on all operations involving phosphine. Any changes to these procedures or process equipment shall be
reviewed under management of change (MOC) practices.

Céc thanh phan va vat liéu co thé dwoc st dung trén hé théng phosphine phai dwoc xac dinh ré
rang va dwoc tén chira va thao tac can than dé dam bao ching khéng bi nhiém ban. Khuyén
nghi rdng cac miéng giodng dém két ndi dau ra van chai chi dwoc thao tac khi deo gang tay da
duoc phé duyét. Diéu nay co thé tranh rai ro:

Components and materials that can be used on phosphine systems shall be clearly identified and carefully
stored and handled to ensure that they do not become contaminated. It is recommended that cylinder
valve outlet con- nections gaskets are only handled while wearing approved gloves. This can avoid the risk
of:

e nhiém ban miéng gioang b&i cac loai diu tw nhién co trén da; va
contamination of the gaskets by the natural oils found on the skin; and
e nhiém ban cho nguoi van hanh t cac sdn phdm phu phosphine con sét lai trén miéng
giodng da qua st dung.
contamination of the operator from residue phosphine by-products found on the used gasket.
Tét ca nhan sy tham gia vao thao tac _phosphine va van hanh hé thdng phosphine pha| duwoc
dao tao. Khoa dao tao nay phal bao gébm tAm quan trong cla sy sach sé va nhu cau st dung
riéng cac vat liéu va thanh phan dwoc chi dinh trén hé théng phosphine.
All personnel involved in handling of phosphine and the operations of phosphine systems shall be trained.
This training shall include the importance of cleanliness and the need for exclusive use of specified
materials and components on phosphine systems.

Nhan vién van hanh hé thdng khi phai c6 hiéu biét tét vé cac tinh chét, nguy co chay nd va déc
tinh cGa phosphine. Ho ciing nén dwoc dao tao dé& hanh dong trong trwong hop khan cip. Bat
ct khi ndo cé thé, cac bién phap phong ngira phai dugc xem xét dé bao vé ngudi van hanh (vi
du: tG chira khi, td hat, PPE, van diéu khién t» xa va twdng chan).

Personnel who operate gas systems shall have a good understanding of the properties, fire and explosion
haz- ards, and toxicity of phosphine. They should also be trained to take action in the event of an
emergency. Wher- ever possible, preventive measures shall be considered to protect operators (for
example, gas cabinets, fume hoods, PPE, remote controlled valves, and barrier walls).

Thoéng gib / Ventilation

Thong gi6 1a can thiét cho cac khu vic ton chiva, ti chira khi, td hat va cac khu vyc noi
phosphine dwgc x ly, ton chira hoac thao tac. Noi nhiéu ong x& dan vao moét hé théng chung,
cac bién phap phai dwoc thwc hién dé ddm bao khéng thé xay ra dong chay nguworc.
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Ventilation is required for storage areas, gas cabinets, fume hoods, and areas where phosphine is
processed, stored, or handled. Where multiple exhaust ducts feed into a common system, measures shall
be taken to ensure reverse flow is not possible.

7.3.1.

7.3.2.

7.3.3.

Xa trwc tiép vao hé thdng xa / Direct venting into exhaust systems

Phosphine khéng nén duwoc xa trwc tiép vao hé théng théng gié xa vi sw chay hodc nd
c6 thé xay ra do tw bdc chay clia phosphine, tir sy bdc chay clia cac chat d& chay khac,
ho&c tir cac phan ng phu héa hoc co thé cé trong hé thdng xa.

Phosphine should not be directly vented into exhaust ventilation systems as fire or explosion can
occur due to autoignition of the phosphine itself, from the ignition of other flammables, or from
chemical side reactions that could be present in the exhaust system.

Phosphine tinh khiét hosc hén hop cé ndng d6 Ién hon LFL phai dwoc pha lodng béng
khi tro' trweére khi xa dé gidm nguy co chay hodc nd.

Pure phosphine or mixtures greater than the LFL shall be diluted with an inert gas before venting
to reduce the risk of fire or explosion.

Puwong xa quy trinh chuyén dung / Dedicated process vent

Phosphine thai ra tlr cac bang diéu khién quy trinh (hodc cac quy trinh khac) dén mot
hé thdng xa& nén dwoc danh riéng cho phosphine.

Phosphine discharged from process panels (or other processes) to an exhaust system should be
dedicated to phosphine service.

Cac dwong xa& nén dwoc thdng théi lién tuc bang khi tro dé& ngén khong khi (hodc dong
khi nguwoc khac) di vao hé théng xa.

Vent lines should be constantly purged with inert gas to prevent air (or other backflow of gases)
from entering into the vent system.

Hé thdng xa nén duoc thiét ké dé gidm thiéu ton that ap suét.
The venting system should be designed to minimize pressure drop.

Céc hé thdng théng thdi nén 1a cac hé thdng chuyén dung va cach ly dé han ché kha
nang dong phosphine chay ngwoc.

Purge systems should be dedicated and isolated systems to curtail the potential backflow of
phosphine.

Hwéng dan chung / Common guidelines

Céac quy dinh khac nhau tiy theo quéc gia va can dugc kiém tra, nhung duoi day la cac
hwéng dan chung.
Regulations vary by country and should be verified, but the following are common guidelines.

7.3.3.1. Sw cén thiét cda thong gié cho phosphine / Necessity of ventilation for phosphine

— Trong qua trinh van hanh binh thwéng, khdong dwoc xa khi déc va khi dé chay
ra khi quyén trir khi théng qua mét hé théng giam thiéu dwoc thiét ké phu hop
(xem 6.12); va
During normal operations, do not vent toxic and flammable gases to the atmosphere
except through a properly designed abatement system (see 6.12); and

— He théng théng gié co hoc phai dwoc st dung dé trao dbi khong khi tai noi
phosphine dwoc x& ly hodc thao tdc nhdm nhanh chéng xa bat ky khi
phosphine ro ri nao.

Mechanical ventilation shall be used to exchange air where phosphine is processed or
handled to quickly exhaust any fugitive phosphine emissions.

7.3.3.2. Céc loai th6ng gi6 / Types of ventilation

— Khu vic tdn chira va st dung trong nha ciing nhw cac tda nha tdn chira khi
nén va Idng siéu lanh phai dwoc trang bi hé théng théng gié xa co’ hoc;
Indoor storage and use areas and storage buildings for compressed gases and
cryogenic fluids shall be provided with mechanical exhaust ventilation;
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7.3.3.3.

D&i véi tén chiva trong nha, viéc théng gié cwdng birc 1a bat budc va phai tuan
tha cac quy dinh hién hanh;
For indoor storage, forced ventilation is required and shall follow applicable regulations;

Cac phong chtra khi phai dwoc trang bi hé thdng théng gi6 x&; va
Gas rooms shall be provided with an exhaust ventilation system; and

Trong trwong hop cho phep tdn chira ngoai troi, viéc théng gié cwdng bic
thwdng khéng bat budc.
Where outdoor storage is allowed, forced ventilation is generally not required.

Céan nhéc khi thiét ké hé thdng théng gi6. / Consideration for ventilation design

T4 khi hodc budng cé hé thdng xa phai dwoc trang bi hé thdng thong gié xa khi
duwoc thiét ké dé hoat dong & ap suét am so véi cac khu virc xung quanh:

The gas cabinet or exhausted enclosure shall be provided with an exhaust ventilation
system designed to operate at a negative pressure relative to the surrounding areas:

« Tbc dd tai mat cla cac cong tiép can hodc clra sé, khi céng tiép can hodc
ctra s6 mé, phai di dé bado vé ngwdi dung khéi khi thai rd ri. Tai Vwong
quéc Anh, tbc do téi thiéu 1 m/s (3 ft/s) trén bé& mét cha 16 thao tac van nhd
duwoc khuyén nghi cho cac diéu kién van hanh binh thuong va
The velocity at the face of access ports or windows, with the access port or window
open, shall be adequate to protect the user from fugitive emissions. In the United
Kingdom, a minimum velocity of 1 m/s (3 ft/s) across the face of the small valve
manipulation opening is recommended for normal oper- ating conditions and

+ Sb 1an trao dbi khong khi méi gi® (bén trong td khi hodc budng kin c6 xa) cé
thé dwoc quy dinh bdi cac co quan chirc ndng dia phwong;
The number of air exchanges per hour (inside the gas cabinet or exhausted
enclosure) may be regulated by local authorities;

Téc do thdng gié co hoc phai du. Tai Hoa Ky, toc do khong duéi 0.3 m3/phuat/m?
(1 ft¥/phut/ft?) dién tich san trén khu vwc ton chira hodc st dung la bat budc;

The mechanical ventilation rate shall be adequate. In the United States, the rate of not
less than 0.3 m3/min/m2 (1 ft3/min/ft2) of floor area over the area of storage or use is
required;

Hé théng xa phai tinh dén mat do cla cac khi tiém nang dwoc gidi phéng va
cac diém ro ri:
The exhaust system shall take into account the density of the potential gases released
and leak points:

+ Dbi v&i cac khi ndng hon khong khi, nhw phosphine, viéc xa nén dwoc thuc
hién gan san nha
For gases that are heavier than air, like phosphine, exhaust should be taken near the
floor

« Mét sé hén hop phosphine (heli, hydro) nhe hon khéng khi, viéc xa nén
dwoc thwe hién gan trdn nha va
Some phosphine mixtures (helium, hydrogen) are lighter than air, exhaust should be
taken near the ceiling and

+ Vi tri cla ca clra xa va ctra hut khi phai dwoc thiét ké dé tao ludng khong khi
di khap cac phan cla san hoac phong nham ngan chén sy tich tu hoi;
The location of both the exhaust and inlet air openings shall be designed to provide
air movement across all portions of the floor or room to prevent the accumulation of
vapors;

Hé théng théng gié xa khi khéng dwoc phép tuan hoan lai trong phong hoéc toa
nha néu céac chai khi, binh hodc bdn chiva dugc lwu trir cé kha ndng phat thai
cac loai khi nguy hai nhw phosphine.

Exhaust ventilation should not be recirculated within the room or building if the cylinders,
containers, or tanks stored are capable of releasing hazardous gases like phosphine;
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7.4.

- He thdng phun nuwéc chiva chay nén dwoc lap dat va cé kich thwéc phu hop
cho cac ta khi, td hat va cac khu viee noi phosphine dang dwoc xt ly hoac ton
chira;

Water sprinkler systems should be installed and properly sized for gas cabinets, fume
hoods, and areas where phosphine is being processed or stored;

—  Thiét bj dung d& chira hodc thu git¥ phosphine phai khéng chay;
Equipment used to contain or capture phosphine shall be noncombustible;

—  Thiét bj dwoc st dung, nhw quat thdi khi, phai khéng phat tia Itva dién theo thiét
ké va cAu tao;
Equipment used, like air handling fans, shall be non-sparking by design and
construction;

— He thdng thong gié phai xa & khodng cach thich hop tlr cac clra hut ctia hé
thdng thao tac khi, thiét bi diéu hoa khéng khi, may nén khi va cac 16 mé cla
tda nha nhw clra sé va ctva ra vao;

Ventilation systems shall discharge at an adequate distance from intakes of air-handling
systems, air condi- tioning equipment, air compressors, and building openings such as
windows and doorways;

- Viéc tén chira va sir dung khi nén nén dwoc dat & khoadng céach thich hop tir
cac ctra hut khi;
Storage and use of compressed gases should be located at an adequate distance from
air intakes;

- O mét sb khu vuc phap ly dia phwong, noi co thdng gio cwong blrc, mét cong
tac ngét tha cong nén duoc cung cép bén ngoai phong & vi tri lién ké véi clra
ra vao chinh ctia phong hoac & mét vj tri dwoc phé duyét. Cong tac,phal la loai
dap v& kinh hoac twong dwong va phai dwgc dan nhan HE THONG NGAT
KHAN CAP THONG GIO;

In some local jurisdictions, where forced ventilation is provided, a manual shutoff switch
should be provided outside of the room in a position adjacent to the principal access
door to the room or in an approved location. The switch shall be the break-glass or
equivalent type and shall be labeled VENTILATION SYSTEM EMERGENCY SHUTOFF;

—  Khi c6 théng gi6 co hoc, hé théng phai hoat dong, téi thiéu, trong thoi gian toa
nha hodc khdng gian dwgc str dung; va
Where mechanical ventilation is provided, the system shall be operational, at a minimum,
during the time the building or space is occupied; and

—  Phai c6 mot hé théng bao dong kich hoat néu mét thong gié.
There shall be an alarm system that activates if there is loss of ventilation.

Chwong trinh bao tri lién tuc va bao tri phong ngtra / On-going maintenance and preventive
maintenance programs

Diéu can thiét la thiét bi trong d6 phosphine duwoc thao tac phai tuan tha tiéu chuan cao va
duoc bao tri mdt cach thuworng xuyén, co kiém soat va an toan. Can dac biét chu y dén bat ky
bd phan thay thé nao d& dam bao tinh twong thich vé&i phosphine va cac san pham hé théng
khac.

It is essential that equipment in which phosphine is handled is held to a high standard and maintained in a
routine, controlled, and safe manner. Particular attention should be provided to any replacement parts for
compatibility with phosphine and other system products.

Can c6 hanh dong phong ngtra nham loai bé céac nguyén nhan tlem an gay_ héng héc thiét bi
trwdc khi ching xdy ra. S6 tay thiét bi cia nha san xuét cung cip hwéng dan quan ly bao tri
phong ngtra (PM) cho thiét bj ctia ho. M&i ngudi dung co trach nhiém dam bao viéc kiém soat
duwoc thwe hién. Nguwoi dung phosphine nén cé mét chuwong trinh PM duwoc cai dat va trién khai
tai tt ca cac dia diém x& ly hodc thao tac phosphine.

Preventive action is directed at eliminating potential causes of equipment failure before they occur. The
manu- facturer’s equipment manual provides guidelines for preventive maintenance (PM) management of
their equip- ment. It is the responsibility of each user to ensure control exists. Users of phosphine should
have a PM program installed and implemented at all sites that process or handle phosphine.
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8. Nap/dong go6i chai khi / Gas cylinder filling/packaging

8.1.

8.2.

Can nhac vé co s& nap / Filling facility consideration

Tham khdo Muc 9 dé biét thong tin vé& cac thye hanh tét cho cac co sé nap.
Refer to Section 9 for information on good practices for filling facilities.

Binh chira / Containers

8.2.1.

8.2.2,

Chai / Cylinders

Phosphine thuong dwoc nap trong cac chai thép khong han hoac chai hop kim nhoém
v&i ap suat thi téi thidu do co quan quan ly quy dinh. Cac chai han ap suat thap c6 thé
dwoc chap nhan cho loai khi nay, véi sy chap thuan dac biét da duoc cap bdi co quan
quan ly. Viéc chuyén dbi chai phosphine sang céac loai khi khac khéng duoc khuyén
nghi trte khi tuan theo mét quy trinh da dwgc phé duyét. Tham khao ISO 11621:1997,
Chai khi—Quy trinh thay di dich vu khi va CGA C-10, Huwéng dan chuén bj chai va éng
cho dich vu khi va thay di loai khi chira dé biét thém théng tin [35, 36].

Phosphine is routinely packaged in seamless steel cylinders or aluminum alloy cylinders with a
minimum test pressure set by the regulatory body. Low pressure welded cylinders may be
accepted for this service, with special approval that has been granted by the regulatory body.
Conversion of phosphine cylinders to other gas services is not recommended unless following an
approved procedure. Refer to ISO 11621:1997, Gas cylinders—Proce- dures for change of gas
service and CGA C-10, Guidelines to Prepare Cylinders and Tubes for Gas Service and Changes
in Gas Service for further information [35, 36].

Kich thuwdc chai phosphine va cac hén hop clia né bi gidi han bdi cac quy dinh cla
chinh pha dia phwong. Tai Nhat Ban, kich thwéc chai téi da la 49 L va tai Hoa Ky 1a 57
L trir cac hén hop dwdi 10% thé tich.

The cylinder size of phosphine and its mixtures are limited by local government regulations. In
Japan, maximum cylinder size is 49 L and in the United States is 57 L except for mixtures less
than 10 vol%.

Cac chai dwoc st dung cho phosphine dién t&r dd tinh khiét cao, thuéng cé mot quy
trinh tién x& ly bén trong d&c biét d& duy tri do tinh khiét ctia khi. Quy trinh tién x& ly
nay dwoc cung cap béi nha cung cép khi.

Cylinders that are used in high-purity electronic phosphine service, generally have a special
internal pretreatment to maintain gas purity. This pretreatment is provided by the gas supplier.

Cac binh phai dwgc chirng nhan va kiém tra thwdng xuyén theo céc tiéu chuan hién
hanh. Viéc kiém tra lai binh phai tuan theo cac tiéu chuan hién hanh hoic luat va quy
dinh cta quéc gia nha san xuét binh, tly theo quy dinh nao nghiém ngat hon. Céac binh
khéng dat tiéu chuan nay phai bj loai bd khdi dich vu. Néu binh c6 thé dwoc sra chiva
dé dap wng céc tiéu chuan, né co thé duwoc dua tré lai sk dung; néu khong, né phai bi
loai bd.

Containers shall be certified and tested regularly in compliance with applicable standards.
Container retest shall follow applicable standards or the container manufacturer’s country laws
and regulations, whichever is more stringent. Containers failing to meet these standards shall be
removed from service. If the container can be repaired to meet the standards, it can be put back
to use; otherwise it shall be scrapped.

Truéce khi nap, can can than d& dam béo rang binh khéng bi hu hai. Viéc kiém tra binh
trwéc khi nap va xac minh chinh xac dinh mic ap suét ctia chang truwdc khi nap 1a rat
quan trong.

Before fill, care shall be exercised to ensure that a container has not been damaged. Prefill
inspection of con- tainers and correct verification of their pressure rating before filling are very
important.

Van va thiét bi giam ap / Valves and pressure relief devices

Khuyén nghi str dung van mang kin cho khi phosphine vi loai van nay cung cép mirc do
kin ro ri ma van c6 vat liéu chen thdng thudng khong thé dat dwgc. Van mang c6 thé la
loai khong s dung vat liéu chén hodc loai van mang co lién két co khi. Mot s6 khu vie
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8.2.3.

phap ly nhw Hoa Ky va Chau Au bat budc phai str dung van mang trong cac &ng dung
lién quan dén khi phosphine.

It is recommended that diaphragm seal valves be used for phosphine because they provide a
level of leak tightness that is not normally achievable with a packed valve. The diaphragm valve
can be either a diaphragm pack-less or a tied diaphragm valve. Some jurisdictions such as the
United States and Europe, mandate the use of the diaphragm valve such as the United States
and Europe.

C6 nhiéu loai dau ra van khac nhau dwoc st dung cho phosphine & Chau A, Bac My va
Chau Au. Diéu quan trong la thiét bi phu trg' dwoc siv dung dé két néi voi van chai phai
co cung céu hinh ren véi dau ra van chai dé dam bao két néi la kin khi. Khong khuyen
nghi st dung bd chuyen dbi dé két ndi véi dau ra van chai. Cac quy dinh vé van chuyén
hang hdéa nguy hiém nhw cta DOT, ADR/RID, B6 luat Hang hoa Nguy hiém Hang hai
Quéc t& (IMDG) va Quy dinh M&u UN TDG, yéu cdu cac dau ra van cla chai khi chua
khi tw chay va/hodc khi doc hai cao hodc hén hop khi phai dwoc trang bi nat hodc nap
kin khi [3, 37, 1].

There are different types of valve outlets that are used for phosphine in Asia, North America, and
Europe. It is important that the ancillary equipment used to connect to the cylinder valve be of the
same thread configuration as the cylinder valve outlet to insure a leak-tight connection. The use of
adapters to connect to the cylinder valve outlet is not recommended. Transportation of dangerous
goods regulations such as those for DOT, ADR/RID, International Maritime Dangerous Goods
(IMDG) Code, and UN TDG Model Regulations, require that the valve outlets of gas cylinders
containing pyrophoric and/or highly toxic gases or gas mixtures are fitted with a gas-tight plug or
cap [3, 37, 1].

C6 nhiéu loai clra van chai khac nhau dang dwoc siv dung hién nay cho phosphine
ciing nhw tAt ca céc loai khi. Ciing ¢6 nhiéu loai ren cb chai dwoc st dung trén toan thé
gi¢i. Ren dau vao cua van phai khép véi ren trén cb chai. Viéc ghép ndi cac chai va
van dwoc san xuat theo cac tiéu chuan ren cla cac quéc gia khac nhau 1a rat nguy
hiém vi c6 kha nang van, dwdi &p suét, cd thé bi ban ra khdi chai. Thuc hanh nay phai
bi cAm.

There are a variety of different cylinder valve inlets that are in use today for phosphine as well as
all gases. There are also a variety of cylinder neck threads that are used worldwide. The threads
on the valve inlet shall match the threads on the container neck. It is very dangerous to match
cylinders and valves that have been manufactured to different national inlet thread standards
since the possibility exists that the valve, under pressure, could be ejected from the cylinder. This
practice shall be forbidden.

O hau hét cac qudc gia, PRD bi cAm do doc tlnh cua phosphlne Vlec st* dung PRD
cho van chai chtra phosphine la bat budc & mét s6 qudc gia. O cac qudc gia khac, PRD
[a tuy chon nhwng khuyén nghi tranh st dung PRD.

In most countries, PRDs are prohibited because of the toxicity of phosphine. The use of PRDs for
cylinder valves with phosphine is required in some countries. In other countries, PRDs are
optional but it is recommended to avoid using PRDs.

Mat do nap / Fill density

Cac binh chira phai dwoc nap phosphine va cac hén hop theo cac yéu cau clia AHJ:
Containers shall be filled with phosphine and mixtures in accordance with the requirements of the
AHJ:

e Ghi chi déng goi UN P200 hién cho phép mat do nap téi da |1a 0.45 kg/L dbi véi

phosphine nap trong cac chai cé ap suét thir 30 MPa (300 bar) va 0.30 kg/L dbi véi
chai c6 ap suat thtr 20 MPa (200 bar) [2];
The UN P200 packaging note currently permits a maximum fill density of 0.45 kg/L for
phosphine packaged in cylinders with a test pressure of 30 MPa (300 bar) and 0.30 kg/L for a
cylinder with a test pressure of 20 MPa (200 bar) [2];

e Mat d6 nap tdi da cho phosphine & Nhat Ban 1a 0.207 kgl/L;

The maximum fill density for phosphine in Japan is 0.207 kg/L;

35



AIGA

AIGA 051/20

8.3.

e Tai Hoa Ky, mat dé nap t6i da dwa trén chai chiva day léng & 54.4 °C (130 °F) la
0.30 kg/L; Tuy nhién, theo gidy phép dac biét, DOT cho phép mat do nap 0.45 kg/L
v&i ap suét thir ctia chai trén 15.1 MPa (2188 psi); va
In the United States, the maximum fill density based on liquid full cylinder at 54.4 °C (130 °F)
is 0.30 kg/L; However, under a special permit, 0.45 kg/L of fill density with the test pressure of
the cylinder over 15.1 MPa (2188 psi) is allowed by DOT; and

e Ty lé nap t6i da cho Chau Au Ia 0.3 dbi véi ap suét ther theo ddng hd 225 bar va
0.45 dbi v&i ap suét thir ddng hd 250 bar.
The maximum filling ratio for Europe is 0.3 for 225 bar of the gauge test pressure and 0.45 for
250 bar of the gauge test pressure.

Thiét bi nap / Filling equipment

Nhiéu qudc gia cé quy dinh vé viéc xt ly chat thai bi nhiém phosphine. B4t ky thiét bi hodc vat
liéu nao tiép xtc véi khi phosphine nén dwoc xi Iy nhw chét thai nguy hai khi dén thoi diém thai
bd, trir khi c6 béng chirng chirng minh ngwoc lai. Quy trinh lam sach va huéng dan bao vé
nhan vién can duoc lap thanh van ban va hiéu ré.

Many countries regulate the disposal of phosphine contaminated wastes. Any equipment or materials in
contact with phosphine should be treated as a hazardous waste when the time comes for disposal unless
proven other- wise. Clean-up procedures and employee protection guidelines should be documented and
understood.

Cac san phdm phu ctia qua trinh oxy héa phosphine thwdng 13 oxit photpho hodc axit oxy. Rira
bang peroxide I& moét phwong phap lam sach phi hop cho thiét bi bi nhiém ban.

The by-products of phosphine oxidization typically are phosphorus oxides or oxyacids. Peroxide washing is
a suitable cleaning method of contaminated equipment.

8.3.1. Hé théng 6ng goép / Manifolds

- Céc bd phan cla hé thdng 6ng gép tiép xtc v&i qua trinh nap phosphine phai dwoc

thiét ké bang vat liéu twong thich dwoc liét ké trong tai liéu nay. Khi khong chiu ap suét
phosphine, hé thong ong gop nén dwoc nap nguoc bang khi tro (vi du: heli, nito,
argon) va bit kin dé dam bao rang bat ky chat gay 6 nhiém nao ciing dwoc loai triv khdi
hé thdng 6ng gop.
Manifold components in contact with phosphine filling shall be designed with compatible materials
listed in this publication. When not under phosphine pressure, manifolds should be backfilled with
an inert gas (for example, helium, nitrogen, argon) and plugged to ensure that any contaminates
are excluded from the manifold system.

- Cac gian nap phéi duoc dét & nhitng khu vuc thong gio tét. D& giam lwong khi c6 thé

thoat ra trong sw cb va gidm lang phi, nén wu tién st dung bng co dwong kinh nho va
chleu dai ngan. Gian nap phai dwoc ché tao bang cach st dung cac moi noi han va méi
ndi kiéu lam kin bang mat kim loai. Tranh st dung cac méi ndi ren. Viéc si dung cac
méi ndi co’ khi can dwoc han ché & murc téi thiéu.
Filling manifolds should be located in well-ventilated areas. To reduce potential quantity of gas
released in an incident and reduce waste, small diameter tubing and lengths are preferred. The
filling manifold should be made utilizing welded fitting and metal face seal fitting. The use of
threaded fitting should be avoided. The use of mechanical fittings should be minimized.

—  DPé kiém tra ro ri hé thdng va cac thwe hanh thong thdi, tham khéo 6.7.
For system leak tests and purge practices, refer to 6.7.

8.3.2. May nén/ Compressors

- Vi phosphine la mét,chét khi tw chay va hoa Idng, may nén thwong khong dwoc s
dung cho khi tinh khiét.
Since phosphine is a pyrophoric and liquefied gas, compressors are not normally used for pure
gas.

8.3.3. Bom chéan khéng / Vacuum pumps

- Cac bom chan khdng tié,p xuc v&i phosphine thuwong la bom kho, mac du cé}hé §CP
dung bom kin dau. Khuyén nghi st dung bom khdé dé loai bo cac lo ngai ve nhiém ban
dau. Viéc st dung bom dau hydrocarbon khdng gay nguy hiém va co6 thé dwoc st
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dung. Tuy nhién, bom wét cé nguy co bi nhiém ban dau bdi phosphine va yéu cau
quan ly chat thai cling nhw trang bi bao hd ca nhan (PPE). B4t ky phan (ng nao véi
khong khi c6 thé nhanh chéng lam héng bom chan khéng va coé thé gay ra sw cb
nghiém trong khi ndng dd phosphine cao hon.

Vacuum pumps in contact with phosphine are typically dry pumps although oil sealed pumps may
be used. Dry pumps are recommended to eliminate oil contamination concerns. The use of a
hydrocarbon oil pump does not present a hazard and can be used. However, wet pumps risk oil
contamination by phosphine and waste man- agement and PPE are required. Any possible air
reaction can quickly foul the vacuum pump and could cause a serious incident under higher
phosphine concentrations.

—  Bom kin dau (wét) c6 khd ndng diu chdy ngwoc néu cac rao can chdy nguwoc khong

dwoc duy tri. Néu chdy ngwoc xay ra, nhiém ban phosphine (va hé théng éng gép) co
thé xay ra va thdi gian nglrng hoat ddng/lam sach c6 thé kéo dai. Nhan vién phai can
than khi thwc hién bao tri bom chan khong, dic biét ddi véi bom kin dau (wét) noi dau
da hap thu phosphine.
Oil sealed (wet) pumps have the potential for oil backstreaming if backstreaming barriers are not
maintained. If backstreaming occurs, phosphine (and system manifold) contamination can occur
and downtime/clean up can be lengthy. Personnel shall exercise care when performing vacuum
pbump maintenance, especially for oil sealed (wet) pumps where the oil has absorbed phosphine.

8.3.4. Dong ho ap / Pressure gauges

- Cac dong ho ap suat dwoc st dung dé giam sat ap suat trong hé thdng phosphine. C6

thé st dung dong hd ap dang co va dang dién t&r khi can thiét. Tuy nhién, can xem xét
thé tich chét ctia déng hd ap cung voi kha nang xa khi tro dé dang. Dong hd phai duoc
bd tri sao cho ngwdi van hanh dé dang quan sat. Vi phosphine 1a chét dé chay, viéc st
dung déng hé ap dién t&r (hoat ddng bang dién) phai ddm bao an toan noi tai (théng qua
dién ap thap hoédc rao chan dién) & dién ap thap dé tranh nguy co phat sinh nguén
danh Ira.
Pressure gauges are used to monitor the pressure within the phosphine system. Analog and
digital pressure gauges may be used as necessary. However, the pressure gauge dead volume
should be considered along with ease of inert gas purge. Gauges shall be placed so they are
easily monitored by the operator. Since phosphine is flammable, the use of digital pressure
gauges (operated by electricity) should be intrinsically safe (via low voltage or electrical barriers)
at low voltage to avoid ignition source potential.

9. Ton chira va Thao tac / Storage and Handling

— Céc thuc hanh tét vé tén chira va sir dung phosphine dwoc liét ké trong cac phan sau.
Good practices for storage and use of phosphine are listed in the following sections.

9.1.

Hwéng dan chung / General guidelines

Tt ca cac co s& phai co6 ké hoach (rng phé khan cap bao gdm ké hoach x& Iy rod ri khi va so
tan khan cap (thém théng tin c6 sdn trong AIGA 004, Thao tac khan cép binh khi va AIGA 083,
Thai bd khi) [38, 11];

All facilities shall have an emergency response plan that includes the plan for gas releases and emergency
evacuation (more information is available in AIGA 004, Handling gas container emergencies and AlGA
083, Disposal of Gases) [38, 11];

SDS phai c6 san dé tham khao;

SDS shall be available for reference;

Viéc gitr gin vé sinh tét la rat can thiét, vi du, gitr vat liéu dé chay tranh xa khu vwc tén chira
hoac st dung binh;

Good housekeeping is essential, for example, keeping combustible material away from container storage
or use areas;

Kiém tra con trung hodc vat la trwdc khi thao nap bao vé van;
Check for insects or foreign material before removing the valve protection cap;

N&p ctra ra van chai phosphine phai dwoc lap dat triy khi dang dwoc nap hodc st dung;
Phosphine cylinder valve outlet caps shall be installed except when being filled or in use;
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9.2

Ludn c6 dinh (xép so le, xép Ién pallet, hodc cé xich chang) cac binh du trong qua trinh van
chuyén, tén chira, hay st dung;

Always secure (nested, palletized, or chained) the containers whether during transportation, storage, or
use;

Khéng bao gid tao hd quang (bang dién cwc han) trén binh;
Never strike an arc (with welding electrode) on the container;

Khéng bao gi& cho phép céc binh tiép xtc véi mach dién;
Never allow containers to contact electrical circuits;

Khéng bao gi&r d& céac binh tiép xtc véi hda chat hodc hoi an mon, vi du, thubc tdy hodc nwéc
bién; va

Never expose containers to corrosive chemicals or vapors, for example, bleach or seawater; and

Van binh phai dwoc déng chat va ndp bao vé van & dung vi tri trong tat ca cac hoat dong ton
chra va thao tac.

Container valves shall be securely closed and valve protection caps in-place during all storage and
handling operations.

To6n chira | Storage
9.2.1. Phan tach / Segregation

— Cac binh day va réng nén dwoc phan tach. Cac binh c6 khi dw nén dwoc xi ly nhw thé
ching dang day;
Full and empty containers should be segregated. Containers with residual gas should be treated
as if they were full;

—  Nhém céc binh theo mbi nguy ma chung gay ra;
Group containers according to the gas hazard they pose;

- Phosphine phai dwoc tén chva & nhirng khu vwe théng gid tot, tranh xa céac loai khi
khong twong thich (chét oxy héa, khi tw chay, v.v.), khi dé chay, 1dng dé chay, ngon Ira
tran, tia Itva va nguon nhiét. Cac nhom khong twong thich phai dwgc phan tach bang
khodng cach yéu cau hodc bang vach ngan chay. Néu co quan cé thdm quyén dia
phwong khéng quy dinh khodng cach, khuyén nghi khodng cach it nhat 6 m (20 ft).
Tham khéo EIGA Doc 189, Tinh todn khodng cach gay hai va khong gay hai cho viéc
tdn chira va st dung khi ddc, CGA P-1, Tiéu chudn thao tac an toan khi nén trong binh,
va NFPA 55, Quy tac khi nén va 16ng siéu lanh, Chuong 7 [39, 40, 24]; va
Phosphine shall be stored in well-ventilated areas, away from incompatible gases (oxidizers,
pyrophoric gases, efc.), flammable gases, flammable liquids, open flames, sparks, and sources of
heat. Incompatible groups shall be separated by required distances or by fire partition. If the local
Jjurisdiction does not specify the distance, at least 6 m (20 ft) separation is recommended. Refer to
EIGA Doc 189, The Calculation of Harm and No-Harm Distances for the Storage and Use of
Toxic Gases, CGA P-1, Standard for Safe Handling of Compressed Gases in Containers, and
NFPA 55, Compressed Gases and Cryogenic Fluids Code, Chap- ter 7 [39, 40, 24]; and

— Khoang cach 5 m (16.4 ft) gitra phosphine va cac thiét bj dién khéng dwoc phan loai
chéng chay nd vé dién dwoc khuyén nghi khi khéng cé bat ky hwéng dan quy dinh nao.
A 5 m (16.4 ft) separation of phosphine from electrical devices that are not electrically classified
explosion- proof is recommended in the absence of any regulatory direction.

9.2.2. Diéu kién ton chira / Storage condition

- Thuwe hién quan ly chai theo nguyén tac nhap trwdc xuét trwde (FIFO);
Practice first in, first out (FIFO) cylinder management;

- Binh phai dwoc tdn chira trong diéu kién kho réo;
Containers should be stored under dry conditions;

- Binh phai dwoc tdn chira trén mat phdng dé giam thiéu nguy co dé;
Containers should be stored on level ground to minimize toppling;

—  Tén chira binh d& ngén nhiét d6 cta binh vwot qua hwéng dan québc gia;
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Store containers to prevent the temperature of the containers from exceeding the national
guideline;

Lwong phosphine tdn chira phai khdng vwot qua thiét ké cla co s& va phai tuan tha
cac quy dinh hién hanh;

The quantity of phosphine stored shall not exceed the design of the facility and shall comply with
applicable regulations;

Chai khi dwoc tdn chira ding phai dwoc cd dinh (xép so le, dat trén pallet hodc xich
chang) dé ngan d6 ngdu nhién. Chai khi nén tiéu chuan dwoc thiét ké dé tén chiva theo
chiéu doc. Trong nhirng trwéng hop nay, phai thwe hién cac bién phap phong ngira dé
dam bao chung dwoc cb dinh khéi bj dd;

Cylinders when stored vertically shall be secured (nested, palletized, or chained) to prevent
accidental tip over. Standard compressed gas cylinders are designed to be stored vertically. In
these cases, precaution shall be taken to ensure that they are secured from falling;

Céc chai nhé khac nhw chai thi nghiém thuan tién hon khi dwoc ton chira theo chiéu
ngang. Tuy nhién, mét sb quy dinh dia phwong c6 thé yéu cau ton chiva theo chiéu doc
déi v&i khi hoa I6ng doc hai, dac biét khi dwoc trang bi PRD;

Other small cylinders such as lecture bottles are more conveniently stored horizontally. However,
some local regulations may require vertical storage for toxic liquefied gases, especially when
equipped with PRDs;

CAu tric han ché thiét hai nhw twdng gidm ap hodc mai chéng nd phai dwoc tich hop
vao thiét ké phong néu khi d& chay duoc tén chira véi s6 lwgng 16n trong nha. Tuéng
ho&c mai nay dwoc thiét ké dé cho phép tiéu tan ap suat phat sinh tir mot vu nd; va
Damage limiting construction such as an energy relief wall or blast roof should be incorporated
into the room design if flammable gases are stored in large quantities indoors. This wall or roof is
designed to allow dissi- pation of pressure arising from an explosion; and

C6 nhirng québc gia khéng cho phép tén chira phosphine ngoai trdi. Tai Hoa Ky, viéc
tdn chira ngoai tréi dwoc cho phép trong nhirng trwdng hop cu thé.

There are countries that do not permit outdoor storage of phosphine. In the United States, outdoor
storage is allowed under specific circumstances.

9.3. Thao tac / Handling

9.3.1.

9.3.2.

Nhirng diéu can thiét / Essentials

Nhan vién thao tac chai phosphine phai dwgc dao tao;
Personnel handling phosphine cylinders shall be trained;

St dung vat liéu xay dung ‘twong thich dé thao tac phosphine. Thong tin nay co thé 1y
tr SDS va 6.1 va 6.2. clia 4&n pham nay;

Use materials of construction compatible for handling phosphine. This information can be
obtained from the SDS and 6.1 and 6.2. of this publication;

Luén mang PPE khi thao tac binh khi. Phai mang giay bao ho mi thép, kinh bao ho cé
tdm chan bén va gang tay da. PPE bd sung (vi du: quan 4o chdng chay/chéng tinh
dién, bao vé hd hdp nhw mat na loc khi hodc SCBA) phai dwoc xem xét va xac dinh sau
khi danh gia rai ro; va

Always wear PPE when handling gas containers. Steel-toed safety shoes, safety glasses with
side shields, and leather gloves shall be worn. Additional PPE (for example, flame-
resistant/antistatic clothing, respiratory protection such as gas filter or SCBA) shall be considered
and determined after a risk assessment; and

Tt ca dwong 6ng, ta va thiét bi dung dé thao tac phosphine phai duwoc néi dat/tiép dia
vé dién.

All piping, cabinets, and equipment used to handle phosphine shall be electrically
earthed/grounded.

Cac bién phap phong ngtra / Precautions
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9.3.3.

9.3.4.

Viéc nap va st dung phosphine phai dwgc thyc hién trong cac bu6ng kin c6 hé théng
théng gi6 hodc phong co khi thai duwgc xt ly xudng mic chdp nhan dwoc truwéce khi thai
vao khi quyén. Bé xac dinh khoang cach an toan, tham khao EIGA Doc 189 [39];

Filling and use of phosphine shall be done in exhausted enclosures or rooms with the discharge
treated to less than acceptable levels before emission into the atmosphere. To determine safety
distances, refer to EIGA Doc 189 [39];

Chi thao ndp dau ra van hodc két ndi tir tir trong cac budng kin cé hé théng théng gi6
ho&c s dung thiét bj bdo vé ho hap va tim kiém d4u hiéu ro ri trwdc khi thao hoan toan;
Remove valve outlet cap or connection(s) slowly only in exhausted enclosures or using
respiratory protection and look for signs of leakage before removing completely;

Ludn ding vé phia ndp dau ra van hodc két ndi khi thao nép hodc ngat két ndi; va
Always stand at the side of the valve outlet cap or connection when removing the cap or breaking
a connec- tion; and

Ludon mé van tir tir va can than.
Always open valves slowly and carefully.

Kiém tra / Checking
9.3.3.1. Binh / Container

- Kiém tra do sach ctia dau ra van va éng néi mém;
Inspect for cleanliness of the valve outlet and pigtails;

—  Kiém tra ro ri binh va két néi trwde khi st dung;
Leak check containers and connection before use;

- Trwéce khi vao, cac khoéng gian kin chiva khi doc hai cao, bao gdm ca binh van
chuyén, phai dwoc kiém tra rd ri khi ddc khi khong cé hé thdng phat hién cb
dinh dwoc bao tri; va
Before entry, enclosed spaces containing highly toxic gas, including shipping containers,
should be checked for leaks of the toxic gas in the absence of a maintained stationary
detection system; and

— Néu phat hién bat ky van dé nao, thay chai khac va cé dinh ndp dau ra, déng
thoi lién hé véi ngudi giam sat hodc nha cung cap chai.
If any problems are found, replace and secure the outlet cap and contact your supervisor
or the cylinder supplier.

9.3.3.2. Hé théng duong éng / Piping
—  Ludn théng théi hé thdng dwdng éng bang khi tro:
Always purge piping systems with inert gas:

*  Truwdc khi dwa phosphine vao
Before introduction of phosphine

«  Truwdc khi ngét két ndi chai phosphine; va
Before disconnection of phosphine cylinders; and

«  Viéc hat chan khéng ciing dwoc khuyén nghj dé hd tro hé théng thong théi.
Application of a vacuum is also recommended to aid in the purging system.

Nghiém cam va han ché / Prohibition and restrictions

Nguwoi dung phai khong duwoc stv dung dau chuyén ddi dé két ndi binh;
Users shall not use adaptors to connect containers;

Khong siét qua chat van, tay van, két ndi hodc ndp dau ra. Tuan tha khuyén nghj cla
nha san xuét;

Do not overtighten valves, handwheels, connections, or outlet caps. Follow manufacturer’s
recommenda- tions;

Khéng bao gi® kéo 1é hoac trwot binh;
Never drag or slide the containers;
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9.4.

- Khéng bao gi¢» nang binh bang nap bao vé van;
Never lift the container by the valve protection cap;

— S dung xe day chai hoac thiét bi di chuyén dé giam thiéu viéc lan chai;
Use cylinder trolleys or moving devices to minimize rolling of cylinders;

— Khéng bao gi¢’ st dung chai lam con 1&n dé di chuyén thiét bi;
Never use cylinders as a roller to move equipment;

—  Viéc slr dung cac thiét bj dién tlr cAm tay (vi du: dién thoai di dong va bd dam) co thé bi
c&dm tuy thuéc vao phan loai dién cta khu virc;
Use of portable electronic devices (for example, cellular phones and walkie-talkies) may be
prohibited de- pending on the electrical classification of the area;

— Nghiém c&m cac ngudn gay chay (vi du: hat thudc 13);
Prohibit sources of ignition (for example, cigarette smoking);

- Dam bao rang thiét bi dién gan phosphine hodc hén hop phosphine cé phan loai dién
phu hop. Tham khao Uy ban Ky thuat Dién Québc té (IEC) hoac NFPA 70, National
Electrical Code® (NEC) [41, 25]; va
Ensure that electrical equipment near phosphine or phosphine mixtures is of the appropriate
electrical clas- sification. Consult International Electrotechnical Commission (IEC) or NFPA 70,
National Electrical Code® (NEC) [41, 25]; and

- Céc cong cu khong phat tia Ira dwoc khuyén nghi st dung khi lam viéc gan phosphine
va dwoc yéu cau bdi mot sé khu vue phap ly.
Non-sparking tools are recommended to be used when working around phosphine and are
required by some jurisdictions.

An ninh / Security

Vi hau qua cua viéc tiép xtic v&i phosphine rat nghiém trong va cé thé lan rédng, cac bién phap
an_ninh _phai dwoc thwc hién dé ngdn chdn nhan vién khéng dwoc phép tiép can chai
phosphine. D& biét thém chi tiét, tham khao AIGA 003, Hwéng dan an ninh, EIGA Doc 907
Hwéng dan an ninh, hodc CGA P-50, Tiéu chudn an ninh tai co s& [42, 43, 44].

Since the consequences of exposure to phosphine are severe and can be widespread, security measures
should be implemented to prevent access to phosphine cylinders by unauthorized personnel. For more
details, refer to AIGA 003, Security quidelines, EIGA Doc 907 Security quidelines, or CGA P-50, Site
Security Standard [42, 43, 44].

Chinh sach ban hang dbi v&i phosphine phai dwoc thiét 1ap. Phai dwoc xac minh thong qua
viéc xem xeét ky lwdng trwde khi phé duyét viec mua hang va thwe hién giao hang rang khach
hang cé ly do hop 1é de mua phosphine va rang hd so theo ddi trong qua trinh van chuyén
phosphine phai dwoc cap va lwu gid.

A sale policy for phosphine shall be in place. It shall be verified by a thorough review before the purchase
being approved and the delivery being made that the customer has a valid reason to purchase phosphine
and that the tracking records during shipment of phosphine shall be issued and kept.

10. Cung cap khi dén diém st dung / Gas supply to point-of-use

Hé thdng cung cép khi phai dwoc dat trong khu virc thong gio tét. TG khi hoac budng cé théng gio
phal duwoc st dung cho hé théng cung cap phosphine. Phai c6 quy dinh dé& x& ly cac trwong hop khan
cép nhu ro ri trong hé théng cung cép.

Gas supply systems shall be located in a well-ventilated area. Gas cabinets or ventilated enclosure shall be used
for phosphine supply systems. Provision shall be made to deal with emergencies such as leaks in the supply
system.

10.1. Kiém soat dwong 6ng cong nghé / Process line control

Khi thong thdi tro chuyén dung phai dwoc str dung dé thong thdi hé théng phosphine trong qua
trinh van hanh thdr hé théng, trwdc va sau khi bao tri, va trwdc va sau khi thay chai. D& dam
bao rdng nqudn cung cp khi thong thdi khong bi nhiém phosphine, mot thiét bi ngén dong chay
ngwoc phai dwoc cung cp trong hé théng thong thdi. Mét hé thdng théng thdi chuyén dung cé
thé bao gdm mét chai, mot nhdm chai, hodc mét dwdng cip ap suét cao riéng biét co thé 13 mot
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phan clia hé thdng I&n hon. Diéu ndy cé thé tranh rdi ro cAp ngwoc qua hé thdng khi thong théi
vao mot hé thdng cung cép khi quy trinh khéng twong thich khac.

A dedicated inert purge gas shall be used to purge the phosphine system during commissioning of the
system, before and after maintenance, and before and after cylinder change. To ensure that the purge gas
supply does not become contaminated with phosphine, a backflow prevention device shall be provided in
the purge system. A dedicated purge system may consist of a cylinder, a bundle, or a separate high
pressure supply line that may be a part of a larger system. This can avoid the risk of backfeeding via the
purge gas system into another incom- patible process gas supply system.

- Phai thye hién cac bién phap phong ngtra dé dam bao rang phosphine khéng vé tinh tiép xtc
v&i bat ky chat oxy héa hodc ngudn gay chay nao.
Precautions should be taken to ensure that phosphine does not inadvertently come into contact with any
oxidizer or a source of ignition.

10.2. Bo diéu ap / Regulators

- Bo dleu ap dwoc st dung trong hé théng cung cép phosphlne dé glam va kiém soat ap suét tw
nguon 4p suét cao xudng ap suét lam viéc an toan dé st dung. TAt ca cac bd phan bén trong
bd diéu ap phai twong thich v&i phosphine trong diéu kién hoat ddng binh thwdng.

Regulators are used in phosphine delivery systems to reduce and control the pressure from a high
pressure source to a safe working pressure for use. All internal regulator parts should be compatible with
phosphine under normal operating conditions.

- Bodiéu ap cho cac &rng dung ban dan c6 chirc nang twong tw, nhwng ¢ cac tinh nang khac so

véi bd diéu ap dwoc thiét ké dé& s dung chung. Bo didu ap duoc thiét ké dé kiém soat
phosphine trong cac quy trinh ban dan thwdng dwoc ché tao bang thép khong gi 316L (SS)
hoac cac hop kim twong thich khac va déi khi co thé dwoc danh béng dién héa. Phosphine la
mét loai khi tw chay doi hdi cac bién phap bao vé bd sung trong céu tao vat liéu. Mang chan
dan hdi phai khéng dwoc st dung dé tranh kha nang khuéch tan phosphine va kha nang
khuéch tan cac chat gay & nhiém bi hp phu trén mang chén dan hdi. Mét khi bd diéu ap da
dwoc st dung trong dich vu phosphine, nd khéng nén dwoc st dung cho dich vu khi khac. L&
x& nap bd diéu ap phai dwoc néi dng dén hé thdng gidm thiéu thai bd an toan hodc vi tri an
toan. Xem 6.3.
A regulator for semiconductor applications is functionally the same, but has different features than those of
a regulator designed for general duty use. Regulators designed for controlling phosphine in semiconductor
pro- cesses are typically constructed of 316L stainless steel (SS) or other compatible alloys and may be, at
times, electropolished. Phosphine being a pyrophoric gas requires additional safeguards in material
construction. Elas- tomer diaphragms shall not be used to avoid the potential of phosphine diffusion and
the potential diffusion of contaminants that are adsorbed on elastomeric diaphragms. Once a regulator has
been used in phosphine ser- vice, it should not be used for other gas service. The regulator bonnet vent
shall be piped to a safe disposal abatement system or safe location. See 6.3.

11. Hé théng xw ly khi thai / Gas abatement systems

— Vi phosphine la vat liéu rat doc va tw chay trong khéng khi, mot hé théng x Iy khi thai phai dwoc s
dung dé kiém soat moi khi thai du cé dy kién hay khong.
Since phosphine is a highly toxic and pyrophoric material, a gas abatement system shall be used to control any
emission whether anticipated or not.

— Phuong phap x@ ly t6t nhat phu thudc vao viéc phosphine dang dwoc thao tac dwéi dang san pham
tinh khiét, pha loéng trong hdn hop, hay trdn 1&n véi cac san pham phu khéc. Viéc thu héi toan bod san
phdm cé xu huwéng duwoc thwe hién tai cac co s& sdn xuéat. Sau khi st dung trong mét quy trinh, 6
nhiém va cac van dé khac khi sir dung phwong phap x& Iy hda hoc c6 thé mang lai giai phap tét hon.
M6t hé théng x& ly nhw vay cé thé x&r ly cac chét gay 6 nhiém khac trong hé thdng. Viéc thai bd
phosphine bang bat ky phwong tién nao phai dwoc thwc hién theo cach chap nhan dwoc vé mét moi
trwdng va tuan tha tat ca cac quy dinh hién hanh. Dé biét thém thong tin vé thai bé khi, tham khao
AIGA 083 [11].

The best method of abatement depends on whether the phosphine is being handled as a pure product, diluted in
a mixture, or mixed with other by-products. Full product recovery tends to be practiced at manufacturing facil-
ities. After use in a process, contamination and other issues using chemical abatement may offer better solutions.
Such an abatement system could be capable of dealing with other contaminates in the system. Disposal of phos-
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phine by any means shall be done in an environmentally acceptable manner in compliance with all applicable
regulations. For more information on disposal of gases, refer to AIGA 083 [11].

— Mét ngudi co ndng lwe va kién thirc vé thao tac va x ly phosphine nén thiét ké thiét bi.
A competent person knowledgeable in the handling and processing phosphine should design the equipment.

11.1. Cac nguyén tac co ban cta xw ly / Basic principles of abatement

Sau day la cac phan trng héa hoc dién hinh va hap phu vat Iy:
The following are the typical chemical reactions and physical adsorptions:

e Thu hdi hodc tai ché thong qua thu hdi siéu lanh
Reclamation or recovery via cryogenic recovery

e Oxy héa théng qua dét
Oxidation via incineration
2PH; +40, - P,0; +3H,0
e  Oxy hoa thdng qua thap riva wét
Oxidation via wet scrubber
P,05 + 3 H,0 — 2 H;PO4 hoac
PH; + 4 OCI- — H;PO4 + 4 CI-
e Hép thu/hdp phu va phan (ng trén chat ran da x& ly (v&i oxit kim loai)
Absorption/adsorption and reaction on a treated solid (with metallic oxides)
3 CuSOs + 2 PH; — Cu,P2 + 3 H,SO4 hodc / or
6FeCl; + PH; + 3H,0 — 6 FeCl, + H;PO, + 6 HCI
e Hap phu vat ly trén vat liéu ran
Physical adsorption on solid media
PH; + C — C [PH;] (C : Than hoat tinh / Activated Carbon)

11.1.1.

11.1.2.

Thu héi hoac tai ché | Reclamation or recovery

Thu héi phosphine khéng phai Ia phwong phap thai bd, nhu thwdng dwoc hiéu. Ky
thuat nay dung dé thu hoi khi dw va dwa phosphine tré lai cac binh chira phti hop mot
cach an toan. Sau khi dwoc thu hdi, phosphine phai dwoc x& ly lai, tinh ché va phan
tich trwdc khi dwoc tai str dung. Tuy nhién, do dac tinh ty chay trong khong khi cla
phosphine, nguwdi st dung phosphine thdng thwérng khong nén thuc hién viéc thu hoi
phosphine.

Reclamation of phosphine is not a disposal method, as usually understood. This technique is for
reclaiming residual gas and returning the phosphine safely to suitable containers. Once
reclaimed, phosphine has to be reprocessed, purified, and analyzed before being reused.
However, due to the pyrophoric characteristic of phos- phine, the typical phosphine user should
not perform reclamation of phosphine.

Tét ca cac loai thu hdi déu dwoc khuyén nghi manh mé vi loi ich méi trwéng va bao tdn
vat liéu va nang lvong.

All types of reclamation are strongly recommended both in the interests of the environment and
the conservation of materials and energy.

Nha cung cép vat liéu c6 chuyén mén can thiét vé thao tac sdn pham va chiét nap binh
la ngwdi phu hop nhét dé thu hdi phosphine dang khi. Phosphine khéng nén dwoc thu
hdi vao mét binh va tra lai ma khéng cé sw cho phép bang van ban cta chi sé hiru
binh.

The supplier of the material who has the necessary product handling and container filling
expertise is best suited for reclamation of gaseous phosphine. Phosphine should not be reclaimed
to a container and returned without the written authority of the owner of the container.

Mét s6 ngudi dung thu gom phosphine vao cac binh khi dé x& ly bén ngoai co sé.
Some users collect the phosphine into cylinders for treatment offsite.

Oxy héa théng qua dét / Oxidation via incineration

Mac du viég dét phan tl& phosphine cé thé dugc thwe hién mét cach théa dang, viéc thu
gilr sdn pham phu bj oxy hoa doi hai thiét bi bd sung. Khi phosphine chay, né tao ra mét
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11.1.3.

dam may khéi trang day dac cla diphotpho pentaoxit (P20s). Viéc trung hoa thir cap va
lam sach cac oxit photpho hodc axit oxy I rat quan trong dé bao vé nhan vién.

While burning the phosphine molecule can be done satisfactorily, capturing the oxidized by-
product requires additional equipment. When phosphine burns, it produces a dense white cloud of
phosphorus pentoxide (P20s) fumes. Secondary neutralization and cleanup of the phosphorus
oxides or oxyacids is critical to employee pro- tection.

Dé biét cac hanh dong x& ly tiép theo dbi véi sdn phdm phu phosphine bi oxy héa dwoc
tao ra, tham khao 11.1.3.
For follow up abatement actions for the oxidized phosphine by-product generated, referto 11.1.3.

Oxy héa thong qua thap rira wét / Oxidation via wet scrubber

Théap rira wét dién hinh duwoc st dung cho phosphine 1a thap dém nguoc dong.
The typical wet scrubber used for phosphine is a counter current packed tower.

Nén c6 cac sap xép phu hop d& dam bao hé thdng dwoc giam sat va tét trong trwdng
hop khi thai bj rd ri hodc co cac lo ngai vé chay nd khong kiém soat dwoc. Bai vi
phosphine c6 thé tw béc chay khi tiép xtc véi khéng khi, ngay cd véi néng do
phosphine thap tinh bidng ppm (thdp hon nhiéu so véi ndéng dé 1% dé tranh diém ty bbc
chay). Cac yéu td can dwoc xem xét khi st dung thap rira wét bao gom:

Suitable arrangements should be made to ensure the system is monitored and shut down in the
event of waste gas breakthrough or uncontrolled flammable concerns. Because the phosphine
can autoignite on contact with air, even with low ppm phosphine concentrations (much less than
1% concentration to avoid the autoignition point). Factors to be taken into account when utilizing a
wet scrubber include:

e Luulwgng phosphine dau vao;
Phosphine input flow rate;
e  Kiém soat pH cla dung dich h4p thy;
pH control of the absorbent liquor;
e Nobng do phosphine tinh bang ppm va thap hon nhiéu so v&i 1%;
Phosphine concentrations in ppm and much less than 1%;
e Nhiét d6 cta dung dich hap thy;
Temperature of the absorbent liquor;

e Né&n c6 cac quy dinh dé giam sat cd dong diu vao va dau ra vé ndng do
phosphine;
Provisions should be made to monitor both the inlet and outlet stream for phosphine
concentration;

e  Kiém soat lvu lwong nén duoc I&p dat trong dong phosphine thai d& cho phép lvu
lwong khi phu hop v&i cong suét cla thap riva;
Flow control should be installed in the waste phosphine stream to enable the gas flow to be
matched to the capacity of the scrubber;

e Kiém soat ap suét nén duoc l&p dat trong dong phosphine thai d& cho phép lwu
lwong khi phu hop véi cong suét hoat ddng cua thap riva;
Pressure control should be installed in the waste phosphine stream to enable the gas flow to
be matched to the operating capacity of the scrubber;

e Théng thdi bang khi tro khi can thiét dé tao diéu kién lam sach dwéng éng cong
nghé; va
Use of inert purge as necessary to facilitate process line clean up; and
e  Can xem xét diém xa ti khi thai ctia thap rira, cach xa cac hé thdng hut khi, ludng
khi di xudng va khu viec nhan vién.
Consideration of discharge point from the scrubber exhaust, well away from air intake
systems, downdrafts, and personnel areas.
DPé ngan nglra nguy co dung dich hap thu bi hut ngwoc vao hé théng, cac bién phap
kiém soat nén dwoc ap dung. Can xem xét viéc st dung thiét bi khong phat tia Itra vi
phosphine dé& chay. D& ddm bao hiéu suat an toan va hiéu qua, viéc giam sat cac diéu
kién quy trinh cling nhw hiéu qua xa khi ctia thap rlra nén dugc xem xét can than.
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11.1.4.

To prevent the risk of absorbent liquor sucking back into the system, controls should be in place.
Consideration should be given to the use of non-sparking equipment as phosphine is flammable.
To ensure safe and efficient performance, monitoring of process conditions as well as the
scrubber gas discharge effectiveness should be carefully considered.

Cac dung dich oxy héa c6 thé bao gébm cac dung dich 16ng kali permanganat hodc natri
hypoclorit hodc dung dich kiém va hoat dong tét dbi véi ndng dd phosphine thap.
Oxidizing solutions may consist of liquid solutions of potassium permanganate or sodium
hypochlorite or caustic solutions and work well for low concentrations of phosphine.

Viéc st dung thap rira wét véi ndng do phosphine cao hon (I6n hon 1%) nén dugc
thiét ké can than dé x(&r ly dac tinh tw chay trong khéng khi ciia phosphine.

Use of a wet scrubber with higher concentrations of phosphine (greater than 1%) should be
carefully engineered to address the pyrophoric characteristic of phosphine.

Hap thu/hdp phu va phan (rng trén chat ran da xd& ly (v&i oxit kim loai) /
Absorption/adsorption and reaction on a treated solid (with metallic oxides)

Phosphine duwoc dwa tric tiép vao mot binh chira mét 16p chat hdp phu rén. Biéu quan
trong la phai gitr dong khi trong méi trwdng khi tro d& ngan chin sw tw béc chay cla
phosphine tw chay trong khéng khi. Cé nhiéu chat hap thu ran c6 sdn c6 kha ning hép
thu/hdp phu manh mé va dé dang phan rng v&i phosphine. Sy don gian va tinh di
dong clia mot bo hap thu trang thai rdn nhd co thé wu tién lwa chon phwong phap nay
trong mot sb diéu kién khan cép nhét dinh. Tuy nhién, cong suét rat han ché dbi voi
lwong phosphine cé thé duwoc hap thu/hap phu trén vat liéu.

Phosphine is fed directly into a vessel containing a bed of solid adsorbent. It is critical to keep the
gas stream under an inert environment to prevent autoignition of the pyrophoric phosphine. There
are many solid absorbents available that strongly and readily absorb/adsorb and react with
phosphine. Simplicity and portability of a small solid-state absorber may favor the choice of this
method under certain emergency conditions. However, capacity is very limited to the amount of
phosphine that can be absorbed/adsorbed on the media.

Trong 4n pham nay, cac thuat nglr hap thu va hap phu dwoc st dung thay thé cho
nhau. Cac yéu t6 can dwoc xem xét khi str dung bo hap thu trang thai rdn bao gdm:

In this publication, the terms absorption and adsorption are used interchangeably. Factors to be
taken into account when utilizing the solid-state absorber include:

e  Tbc d6 thai bd phosphine yéu ciu;
Required phosphine disposal rate;

e  Lwong phosphine can thai b;
Quantity of phosphine to be disposed;

e Tan suét chap nhan dwoc cla viéc thay déi I¢p hdp thu hodc hé théng;
Acceptable frequency of changing the absorbent bed or system;

e Nobng do cta dong phosphine dugc dwa vao 16p hap thy;
Concentration of the phosphine stream delivered into the absorber bed;

e Anh hwédng cla sy tdng nhiét dd tlr phan (rng gitra phosphine va chéat hap thy;
Temperature rise effects from reaction between the phosphine and the absorbent;

e Hé thdng phan phdi bén trong 16p hap thu dé ngdn chan sy tao kénh va sy thdm
qua s&m cua phosphine chwa phan ng;
Distribution system within the absorber bed to prevent channeling and premature
breakthrough of unreacted phosphine;

e  Kich thwéc hat chat hap thu: Nhin chung, cac hat nhd mang lai dién tich tiép xtc

I&n, twong tng véi hiéu qué cao hon. Tuy nhién, kich thwéc hat nhé c6 thé dan
dén tdc nghén hodc sut &p cao va xu hwéng tao kénh va thAm qua sém cla
phosphine chwa phan &ng;
Absorbent particle size: Generally small particles give a high contact area, which
corresponds to greater efficiency. However, small particle sizes can lead to pluggage or high
pressure drops and a tendency of channeling and premature breakthrough of unreacted
phosphine;

e  Can c6 cac quy dinh dé giam sat ndng do phosphine & ca dong vao va dong ra;
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11.1.5.

Provisions should be made to monitor both the inlet and outlet stream for phosphine
concentration;

e Viéc kiém soat lwu lwong phai dwoc lap dét trong dong phosphine thai dé cho
phép Iwu lwong khi phit hop véi cdng suét ctia 1&p hap thuy;
Flow control should be installed in the waste phosphine stream to enable the gas flow to be
matched to the capacity of the absorber bed;

e Viéc kiém soat ap suat phai duwoc lap dat trong dong phosphine thai dé cho phép
lwu lwong khi pht hop véi cong suét van hanh cla 16p hép thy;
Pressure control should be installed in the waste phosphine stream to enable the gas flow to
be matched to the operating capacity of the absorber bed;

e S dung khi théng thdi tro' khi can thiét dé tao diéu kién lam sach dwéng 6ng quy
trinh; va
Use of inert purge as necessary to facilitate process line clean up; and

e Xem xét diém xa tir khi thai ctia I&p hap thu, cach xa hé théng 14y khi va khu vuc
nhan sw.
Consideration of discharge point from the absorber bed exhaust, well away from air intake
systems and personnel areas.

Hap phu vat ly trén vat liéu ran / Physical adsorption on solid media

Phosphine dwoc dwa trwc tiép vao mét binh chiva I¢p vat liéu ran. Diéu quan trong la
phai gitr dong khi trong méi trwéng tro' dé ngan chan s tw béc chay cla khi phosphine
tw chay. C6 nhiéu loai vat liéu rén co sdn cé thé hap phu phosphine. Kha nang hap phu
thay ddi theo loai vat liéu ran, vi du, khi st dung than hoat tinh dang hat, kha nang hép
phu phosphine dat tir 1% dén 3% (theo trong lwong) cla téng trong lwong carbon.
Phosphine is fed directly into a vessel containing a bed of solid media. It is critical to keep the gas
stream under an inert environment to prevent autoignition of the pyrophoric phosphine gas. There
are many types of solid media available that adsorb phosphine. Adsorption capacity varies with
solid type, for example, using granular activated carbon, phosphine capacities approach to 1% to
3% (by weight) of the total carbon weight.

Sw thoat khi phosphine tir vat liéu rén co thé xay ra, vi vay diéu quan trong & phai cé
cac bién phap kiém soat va giam sat phosphine. Nhiét dwoc tao ra trong qua trinh hap
phu phosphine tiy thudc vao téc d6 hap phu va ndng dd phosphine. Biéu db nhiét do
xuyén qua lép chira vat liéu rdn dé chay phai dwoc giam sat dé ngan vat liéu ran béc
chay.

Off-gassing of phosphine from solid media can occur so it is important to have controls and
phosphine monitoring in place. Heat is generated during phosphine adsorption as a function of
adsorption rate and phosphine concentration. Temperature profiles through the bed containing
solid media that are flammable shall be monitored to prevent the solid media from igniting.

Sw don gian va tinh di dong cta mét bd hap thu dang ran nhd cé thé wu tién lwa chon
phwong phéap nay trong mét sb diéu kién khan cép nhat dinh. Cac yéu t6 can xem xét
khi h&p phu trén carbon twong tw nhw nhirtng yéu té da dwoc xac dinh trong 11.1.4.
Simplicity and portability of a small solid-state absorber may favor the choice of this method under
certain emer- gency conditions. Factors to be taken into account when adsorption on carbon are
similar as those identified in 11.1.4.

11.2. Yéu cau vé ngwoi dung / User requirements

T4t ca nhan vién lién quan dén thao tac phosphine phai dwoc dao tao vé cac quy trinh kiém

soat gidm thiéu duoc st dung tai co s&. Can co kién thirc chuyén sau vé san pham va cac moi
nguy lién quan. Biéu nay bao gom, nhwng khéng gi¢i han &:

All personnel involved with the handling of phosphine shall be trained in the procedures for abatement

control used at the site. A thorough knowledge of the product and its associated hazards is required. This
would include, but is not limited to:

. dac tinh vat ly va doc tinh ctia phosphine;

physical characteristics and toxicological properties of phosphine;
o tinh chat vat ly cta vat liéu gidm thiéu; va

physical properties of abatement material;, and
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11.3.

11.4.

o tai liéu van hanh.
operating documents.
Thai bé dong khi thai / Waste stream disposal

Thai b theo tat ca cac quy dinh hién hanh. Viéc thdi bd phosphine tinh khiét dwoc coi 1a chat
thai nguy hai. Dong chét thai co thé chira oxit photpho hogc cac oxit kim loai khac va dugc coi
la chét thai nguy hai. Phai co sy quan ly va kiém soat chat thai. Tham khao cac quy dinh dia
phwong va québc gia ap dung cho quan ly chét thai.

Dispose in accordance with all applicable regulations. Disposal of pure phosphine is considered a toxic
hazard- ous waste. Waste streams can contain phosphorous oxides or other metallic oxides and be
considered a toxic, hazardous waste. Management and control of waste is required. Refer to local and
national regulations as they apply to waste management.

Quan ly chat thai / Waste management

Hau hét moi quy trinh van hanh déu dé lai mot sé chat thai tdn dw. Ap lwc ngay cang tang vé
bdo ton tai nguyén thién nhién, tac doéng cla céng nghé mai dén viéc st dung tai nguyen
lwong chét thai phat sinh ngay cang tang va nhu ciu vé cac phwong phap bén vung hon dé st
dung tai nguyén thién nhién dai dién cho nhirng thach thirc mai dbi véi xa hoi clia ching ta.

Nearly every operational process leaves behind some residual waste. Accelerating pressure on conserving
nat- ural resources, the impact of new technologies on resource use, increasing waste generation, and the
need for more sustainable approaches to using natural resources represent new challenges to our society.

Chinh quyén dia phwong va chinh phi c6 thé diéu chinh tat ca chat thai nay theo cac chuong
trinh khac nhau. Chi nhirtng cdng ty dwoc chinh phi cdp phép méi dwoc phép xt Iy cac chét
thai nay. Viéc danh gia, lwa chon va giam sat cong ty xt ly rac thai la mét chuong trinh rat quan
trong ma nguwoi tao ra rac thai nguy hai phai tuan tha. Tai liéu day du vé viéc phat sinh chat thai
nguy hai, van chuyén va xt ly cudi ciing la rat quan trong d& dam bao tuan thi va kiém soat.
Local and government authorities may regulate all this waste under various programs. Only those
companies licensed by the government are allowed to process these wastes. Evaluating, selection, and
monitoring of the waste disposal company is a very important program with which the hazardous waste
generator shall comply . Full documentation of hazardous waste generation, shipments, and final
processing is critical to ensure compli- ance and control.

Cac muc tiéu cia quan ly chéat thai la:
The goals of waste management are to:
e bdo vé xa hoi khdi cac mbi nguy tir viéc thai bd chat thai;
protect society from the hazards of waste disposal;
e bdo ton ndng lwong va tai nguyén thién nhién bang cach tai ché va thu hoi;
conserve energy and natural resources by recycling and recovery;
e gidm hodac loai bd chat thai; va
reduce or eliminate waste; and
¢ lam sach chét thai co thé da tran dd, ro ri hoac bi thai bé khdng ddng cach.
clean up waste that could have spilled, leaked, or been improperly disposed.
Nguoi dung phai thic day va khuyén khich viéc sir dung cac phuong phap két hop dé quan ly
chat thai ran. Cac phwong phap nay la:
Users shall promote and encourage the use of combined methods to manage solid waste. These methods
are:
« Giadm ngudn hodc phong nglra chét thai—bat ky bién phap nao lam gidm lwong hodc doc
tinh clia chat thai phat sinh;
Source reduction or waste prevention—any practice that reduces the amount or toxicity of waste
generated;
e Tai ché gilp bao tén kha ning thai bd va bao tén tai nguyén thién nhién bang cach ngan
chan cac vat liéu cé kha nang hiru ich bi vt bo;
Recycling that conserves disposal capacity and preserves natural resources by preventing. potentially
useful materials from being thrown away;
« Chén lap—cac bai chon 1ap la cac co s& duoc thiét ké tot, dwoc dat, thiét ké, van hanh va
giam sat dé dam bao tuan thu cac quy dinh. Cac bai chon lap chat thai ran phai dwoc thiet
ké dé bao vé moi treong khdi cac chat gay 6 nhiém co thé cé trong dong chat thai ran; va
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Landfilling—Ilandfills are well-engineered facilities that are located, designed, operated, and monitored
to ensure compliance with regulations. Solid waste landfills shall be designed to protect the
environment from contaminants that can be present in the solid waste stream; and

o D6t chat thai— viéc dbt chat thai co thé giam dang ké lwong chét thai. Tuy nhién, nhirng lo
ngai vé loai/lwgng chat doc thoat ra tr thiét bi rira khi cé thé tré thanh mét cudc tranh luan
tai dia phwong.

Waste combustion—waste combustion can reduce the quantity of waste considerably. However,
concerns of what types/quantities of toxics exit the scrubbers can become a local debate.

12. ’ng pho khan cap / Emergency response

12.1.

Chuén bj / Preparation

Muc dich cla viéc chudn bj 1a thiét 1ap mot hé thdng va phan cong trach nhiém trong trwdng
hop xay ra sw cb hodc tinh huéng khan cap khac.

The purpose of preparation is to establish a system and assign responsibility in the event of an incident or
other emergency situation.

Nguwoi st dung phosphine phai c6 cac quy trinh aé giai quyét cac tinh huéng khan cip anh
hwdng dén sirc khoe cong déng va cac mbi quan nga| vé moi trwo’ng trong trwdng hop xay ra
s c6. K& hoach khan cap xac dinh céac tinh hudng khan cép tiém an c6 thé dy doan dwoc mot
cach hop ly, va chi rd cac hanh dong dé ngan chan, chuan bi, 'ng phé va khéc phuc nhirng
tinh hudng khan cap nay. K& hoach khan cdp bao gébm cac phuong phap dwoc st dung dé
ngdn chan va gidm thiéu tac ddong mai trwéorng, cé thé lién quan dén cac tinh hubdng khan cép.
The phosphine user shall have procedures in place to address emergency situations that affect public
health and environmental concerns in the event of an incident. The emergency plan identifies potential
emergencies that are reasonably foreseeable, and specifies actions to prevent, prepare for, respond to,
and recover from these emergencies. The emergency plan includes methods used to prevent and mitigate
environmental impacts, which could be associated with emergency situations.

Ké hoach khén cép phai dwoc xem xét va cap nhat dinh ky khi thich hop. Cac ban sao cap nhat
dwoc cung cap cho cac Uy ban ké hoach khan cép dia phwong va quan chirc chinh phi khi
thich hop. Dao tao dwoc cung cép cho tat ca nhan sy cé thé lién quan dén (ng phé khan cép.
The emergency plan shall be reviewed and updated periodically as applicable. Updated copies are
provided to the local emergency planning committees and government officials as applicable. Training is
provided for all personnel who may be involved with emergency response.

Ké hoach khan cap dwoc kiém tra dinh ky dé dam béo hiéu qua cta né, bao gdm kiém tra thiét
bi phat hién ro ri lién quan, PPE, hé théng bao vé va truyén théng khan cip. Danh sach lién hé
khan cip dwoc xem xét va cap nhat véi mdi thay ddi khi thich hop. Cac phién ban mdi nhat
phai dwoc duy tri.

The emergency plan is tested periodically to ensure its effectiveness, including tests of related leak
detection equipment, PPE, protective systems, and emergency communications. The emergency contact
list is reviewed and updated with each change as applicable. Latest versions shall be maintained.

Cac sy ¢ phosphine rat da dang va ké& hoach khan cip phai xem xét cac héa chat va sb lwong
lién quan, cac loai méi nguy, nd lwc ng pho can thiét, sd lwong ngudi ing phoé can thiét va cac
tac dong duoc tao ra. Cac sw cbd co thé yéu clu cac bién phap kiém soat tire thi (khdn cép)
hodc cac hoat déng dai han (hanh déng khic phuc) dé khéi phuc cac diéu kién chap nhan
duwoc. Cac hoat dong ctia ké hoach dworc chia thanh cac yéu tb twong tac:

Phosphine incidents vary considerably and the emergency plan shall consider the chemicals and
quantities in- volved, types of hazard, response efforts required, number of responders needed, and
effects produced. Inci- dents may require immediate control measures (emergency) or long term activities
(remedial action) to restore acceptable conditions. The plan activities are divided into interacting elements:

) nhan dién;

recognition;
. danh gia;

evaluation;
e kiém soat;

control;

e thongtin; va
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information; and

e antoan.
safety.
12.1.1. Nhan dién / Recognition

12.1.2,

12.1.3.

12.1.4.

12.1.5.

Nhan dién loai va mic do cia méi nguy do phosphine gay ra thwong la moét trong
nhirng buéc dau tién khi trng phé véi sw cd.

Recognizing the type and degree of the hazard presented by phosphine is usually one of the first
steps in re- sponding to an incident.

Panh gia / Evaluation

Nguwoi ring pho c6 thé dw doan hanh vi va cac van dé dy kién lién quan dén vat liéu.
Céac van dé dv kién vwot ra ngoai tai san cla cdng ty cé thé yéu cau sy hd trg/tham gia
tr cac quan chirc dia phwong. SDS hodc théng tin sdn phdm khac c6 thé dwoc s
dung dé gitp danh gia ban chét va tac dong dén moéi trwdng va stre khde cong dong.
The responder can predict the behavior and anticipated problems associated with the material.
Anticipated prob- lems that extend beyond the company property may require
support/involvement from local officials. The SDS or other product information can be used to
help evaluate the nature and affect to the environment and public health.

Kiém soat / Control

Klem soat dé cap dén cac phwong phap ngan chan hoac giam thiéu tac dong clia sw
cb. Kiém soat dwoc giai quyét bang hanh déng khac phuc dwéi dang cac quy trinh (ké
hoach) dwoc lap thanh van ban. Trach nhiém cla mdi co s& va nhan sy clia né la dam
bao cac quy trinh dwoc thiét 1ap va tuan tha.

Control refers to those methods that prevent or reduce the impact of an incident. Control is
addressed by remedial action in the form of documented procedures (plans). It is the
responsibility of each facility and its personnel to ensure procedures are in place and followed.

Thong tin / Information

Théng tin 1& mét thanh phan khéng thé thiéu cla viéc &ng pho. Viéc théng bdo cho
nhan vién, cac quan chirc trng phé khan cép dia phwong, b phan tuan thd cta cong ty,
b6 phan an toan cla céng ty va cac co quan chinh phli dwgc hoan thanh theo cac quy
trinh da thiét l1ap. Tt ca cac sy cb phai duoc ghi lai va xem xét bdi Gy ban an toan
va/hodc dodi trng phd khan cip dé xac dinh nguyén nhan gbc ré, thwc hién cac hanh
dong khac phuc sy cb, danh gia hiéu qua cta viéc trng pho, cac hanh déng khac phuc
can thiét va thong bao dé ngan chan sy cb tai dién. Cac tai liéu tham khao c6 thé bao
om:

E]\n integral component of response is information. Notification of employees, local emergency
response officials, corporate compliance, corporate safety, and government agencies is
completed per established procedures. All incidents are documented and reviewed by the safety
committee and/or emergency response team to determine the root cause, to implement the
corrective actions of the incident, the effectiveness of the response, corrective action warranted,
and notification to prevent repeat occurrence. Reference documents may include:

° SDS, 3
e Ké& hoach khan cép;
Emergency plan;

e Quy trinh van hanh tiéu chuan (SOPs);
Standard operating procedures (SOPs);

. Cac danh gia PHA; va
PHA reviews; and

e S dir lieu khi ky thuat.
Technical gas data books.

An toan / Safety

Tét ca cac hoat dong (ng pho voi vat liéu nguy hiém déu tiém an nhirng mébi nguy hiém
khac nhau (strc khée va an toan) doi v&i ngwdi rng phd, moéi tredng va khu dan cuw.
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Cac yéu td an toan la mét dau vao cho moi hoat déng dwoc thuc hién va 1a mot két qua
ctia mdi hanh ddong ng phé. TAt ca nhan vién phai co trach nhiém lam viéc mét cach
an toan va tuan thi cac quy téc va quy dinh an toan da dwoc thiét 1ap.

All hazardous material responses pose varying dangers (health and safety) to responders, the
environment, and the neighborhood. Safety considerations are an input to every activity that is
undertaken and are an outcome of each response taken. It is the responsibility of all employees to
work in a safe manner and follow established safety rules and regulations.

12.2. 'ng phé / Response

— Can dam bao rang nhan vién rng phé véi tinh hudng khan cap phai dwoc dao tao va trang bi

PPE can thiét trwdc khi thuc hién bat ky hanh dong ng phé khan cép nao. Chi nhitng nhan
vién duwoc dao tao vé rng pho sw ¢d méi dwoc thwe hién va chi & mirc do dao tao cia ho. Ké
hoach khan cép cta coéng ty phai xac dinh cac quy trinh va chinh sach sé& dwoc tuan tha trong
mot tinh hudng rng phé khan cép [33, 34, 38].
Ensure that personnel responding to an emergency situation are trained and wearing required PPE before
at- tempting any emergency response. Only those employees trained in responding to an incident shall do
so and only to the level of their training. The company’s emergency plan shall identify the procedures and
policies that will be followed in an emergency response [33, 34, 38].

- Viéc &rng phd ngoai hién trwong yéu cau su twong tac véi k& hoach khan cap cla cac cong ty

khac. Piéu nay co thé xay ra trong qua trinh van chuyen hoac tai dia diém cuta khach hang. Du
tai chd hay ngoai hién trwdng, théng tin chi tiét vé cach xt ly cac van d& nhw vay cé thé duoc
tim thay trong AIGA 004 va Sé tay Huéng dén Ung phé Khan cap (ERG) [38, 45, 21]. Cling c6
thé tham khao AIGA 083 [11].
Offsite response requires interaction with other company’s emergency plan. It could occur during
transportation or at the customer site. Whether on-site or offsite, detailed information on how to handle
such issues can be found in AIGA 004 and the Emergency Response Guidebook (ERG) [38, 45, 21]. Also
refer to AIGA 083 [11].
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