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The Economic Advantage Added by Specialized
Knowledge of Distillation Fundamentals

How Many Pressure Relief

Devices (PSDs) Do you Have Venting to Atmos-
phere? Are They Safe?

- Accurate Prediction of Phase Equilibrium Proper-
. ties Using Peng Robinsgn Cubic Equation of State
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ABOUT

International Association of Certified Practicing Engineers provides a standard of pro.
fessional competence and ethics. Identifies and recognizes those individuals that ha
meet the standard. And requires our members to participate in continuing education
programs for personal and professional development.

In additional to insuring a professional level of competency and ethics the IACPE fo
cuses on three major areas of development for our members: Personal, Professiona
and Networking.

HISTORY

The International Assocgtion of Certified Practicing Engineers concept was formulat-
ed by the many young professionds and students we meet during our caeers
working in the field, running training courses, and lecturing a universities.

During question and answer sesions we found the single most common question
was: Wha elsecan | do to further my career?

W e found, depending on the persons avail able time and finances, and very often de-
pendent on the country in which the person was from, the options to further ones
career were not equal.

Many times we found the options available to our students in developing countries

were t0o0 costly and or provided too little of value in an expanding globa business
environment.

The redlity is that most of our founders come from countries tha require rigor-
ous academic $andards at four year universities in order to achieve an engneering
degree. Then, after obtaining this degree, they complete even stricter governmernt
and state examinationsto obtain ther professiaa licensesin order to join profes-
sional organizaions. They have been afforded t he opportunity t o continue t heir
personal and professional development with many affordable schools, programs, and
professiona organizations. The IACPEdid not seethose same opportunitiesfor every-
one in every country.

S we setout to design and build an assaiation dedicated to supporting those eng-
neers in developing in emerging economies.

The IACPEtook input from industry leaders, acdemic profesrs, and students
from Indonesia, Malaysia, and the Philippines. The goa was to build an organiza-
tion that would vdidate a candidaes engneering fundamentas, prove their
individuals skills, and enhance their networking ability. We wanted to do this
in away that was cost effective, time conscience, and utilized the latesttechnologes.

MISSION

Based on engineering first principles and practical real world applications our curricu-
lum has been vetted by academic and industry professionals. Through rigorous stud
and examination, candidates are able to prove their knowledge and experience. Thi
body of certified professionals engineers will become a network of industry profes-
sionals leading continuous improvement and education with improved ethics.

VISION
To become a globally recognized association for certification of professional engineers

WWW. | ACPE. COM | | NFO@I ACPE. CO
KNOWLEDGE. CERTI FI CATI ON. NETWOI



LETTER FROM THE PRESIDENT

KARL KOLMETZ

How to be Successful

Dear Friends,

There are thoughts on how to be successful. Her e
Mai ntain yowru hwedllt mot be successful or wealthy \
Mai ntaining your health does not require major Kkn
healthy and exercise. For many people, both are h
Have atéeomgpl aSuccessful-tpemphbeatset hadgthey know
merely the fegul thabdfi tshdarhtat t hey need to do ever)y
iMagi ¢ @wlelremti.ght success is a myth. Successful p e
i mprovement every day will be compounded over tinm
Under stand what Nost hpionsgs iwbillel ever be perfect, no |
failure (or even fear of success) often prevents
out there in the worl d. But a | ot of opportunitie
from the things you cannot control, focus on the
thing you wil!/ be able to control is your attitud
frustrat ed fBawhbibdiesmssary i amgry voice

A smart fox only :chases one rabbit

ivou wi |l | never reach your destination ifoyou stoy
OWinston S. Churchil!l

Successful peoplBe whryow htetyi c.hoTotsaeet one thing and t}
No matter what it is; a business idea, a conversa
mitted to one task is indispensabl e.

Ti me Killlmpwl si ve web browsing, social media, tel
eases o dwmdiaggty. These should never be an escape
your goals depend on either, you should minimize
and direct that time towards things that can enri
All the best in your career and |ife,

Kar |
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NEWS

RECENT IACPE ACTIVIT IES

| ACPE President Kar/l Kol metz presented Keys to Project
1945 University), Surabaya, East Java, I ndonesia in Ma
| ACPE awarded four schol arships to: Mr . Eko Doni Bagaw
Il ham Sari mbah CPE EIT; and Ms. Ganis Nahayu Riswenda
Mr . Il r.Joko Santoso, MMT . , | Al , CPE Il was the recipien
CPE EI'T certificates were awarded to Mr. 'l ham Sari mba

[l"ll!" il

KLM Technology Groug

oty

1ACPE Seminar

opic : “Key to Project Management”
A it
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Distinguished Practicing Engineer

Each year IACPE recognizes the outstanding accomplishments of engineering education and engineering technology
through the o0Distinguished Practicing Engineerdé awards
further the Association's Mission, and participation in civic and community affairs, IACPE award winners exemplify

the best in engineering education and engineering technology.

This award salutes leaders in engineering for their dedication to their field and their commitment to advancing the

human condition through great engineering achievement and/or through innovation in engineering education and

technology. There are three divisions: Academic Division, Technology Division, Young Engineer and Student Divi-
sions.

In this issue IACPE is proud to announce the top candidates from each division and in the October issue the 2017

group of awardees will be announced.

ACADEMIC DIVISION
Architectural Engineering
1. Dr.Ir.Retno Hastijanti, MT

Chemical Engineering

1. Dr. Sivakumar Kumaresan, CPE
2. Rita Dwi Ratnani, ST., M.Eng

3. Ery Fatarina, ST.,MT.,IPM, CPE

Electrical Engineering

1. Ir.drs.Muradi Suwargina, MT

2. Dr.Ir.Achmad Daengs GS.,SE.,MM.,CPPM.,CPE
3. Ir.M.Asgar W, MT

4. Ir.Achmad Junaedi, MT.,M.Sc

Environmental / Green Engineering
Ir. Dr. Dominic Foo, CPE

Industrial Engineering

1. Dr.Ir.Muslimin Abdulrahim, MSIE

2. Dr. Dwi Yuli Rakhmawati, ST.,Ph.D.,CPE
3. Rini Oktavera S.T, M.MT

Information Engineering
1. Dr.Ir.Muaffag A.Jani, M.Eng, CPE

Mechanical Engineering
1. Dr.Prantasi Harmi Tjahjanti, S.Si.,MT
2. Ir. Masriel Djamaloes MBA.,MM.,CPE

TECHNOLOGY DIVISION
Seperations

1. Daniel Summers

2. Michael Resetarits

Heat Transfer
1. Ir.Gatot Boedhi Tjahjono, MSME, MSIE
2. Shankar Chattopadhyay

Ethylene Technology
1. Helmilus Moesa, CPE
2. Alex Michinel

Petrochemicals

1. Tim Zygula, CPE
2. Lee Pheng

3. Dr.Joseph Lim

Refining
1. Andrew Sloley
2. Rick Cary

Mechanical Engineering
1. Erebert Caracas
2. Hermis Kornelius

Chemical Engineering

1. Supriyanto

2. Wiroon Tanthapanichakoon
3. Parthiban Siwayanan

Process Safety
1. Stephen Wallace
2. Derrick Gradney

Information Technology
1. Randy Conley PE PMP

Polymers
1. Mohd Rohizat Abdul

STUDENTS

Sekolah Tinggi Technology Fatahillah,-Bdagean
1. M.Salem Abdul Ajes, ST, CPE Il

2. Maulana Ainul Yakin, ST.,CPE 1

3. Muhammad Afra, CPE 1

Institute Technology Indonesia, Tangerang, Banten
1. Ruly Octora Suseno, ST.,CPE 1

2. Choirul Anam, ST.,CPE1

3. Ade Sonjaya, CPE 1

17 Agustus 1945 University, Semarang, Central Java
1. Achika Augusti Ramanitya, CPE 1

2. Muchamad Agus Purnomo, CPE 1

3. Intan Ardyagarini Widyastuti

17 Agustus 1945 University, Surabaya, East Java
1. Riki Setyawan, CPE 1

2. Azhar Rasyid Firdausi, ST., CPE 1

3. Eko Doni Bagas Wara, CPE 1

W.R Supratman University, Surabaya, East Java
1. Buhadi

2. Nanda Luktinia Firial

3. Meydin kartika Sari

Wahid Hasyim University, Semarang, Central Java
1. ninik indah hartati
2. revy andar raesta
3. windi arum mukti

Serang Raya University, Serang, Banten
1. Naimi, ST.,CPE 1
2. Hery Purnama, ST., CPE 1

Sultan Ageng Tirtayasa, Cilegon, Banten
1. Mohamad Fajar Himatullah

2. Wahab Arrie Rachman

3. Khumaedi Muharom
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The Economic Advantage Added
Knowledge of Distillation Fundam

Karl Kolmetz CPE
KLM Technology Group

1.0 I ntroduction I't has been estimated that

ment i n separati-o0%eqgfui pmen
Knowl edgea familiarityowathf cromaeonenvoernt i onal hy
somet hing, whi ch can unntcl ud®ef itrhfeortmatailore,ner gy
fact s, descriptions, eamd/eompl asnkti,|l I[tshe asgmuamatdi on
through experience or fearucabadwtn.50% tcoan7 Or% foefr tthoe
the theoretical or prdad¢toincaolf wheepstbandi ng of a
subject

There are many separation p

Wi sddm a deep under steancdh nogneofhapeoplsebest appli
t hings, events or si tdiiagtiiolnlsgt iroens ulctriyrsg al hi z etei
ability to choose or abcetd taad swa rpd iiQuneastyilsotnegrhrd oyd utchee
the optimum results wikiybtamnmay muen ao fc otmbmen,at i on
energy or thought. | tf ungdatmeetabsl ity to opti mal
apply perceptions nd knowledge and so pro-
duce the desired resulTffle choice of the best appl
based on the | ife cycle cos
The Law of Compar aitsi vtels eAtdhvea nit rmigtei al capital <cost
ability of an individuoale, fcompahgn yyearex onpanyat i
to conduct an actiV|txzosb'eIt‘éInetIh|afne acnyoctl hee rc ofsdr s
some fixed and somet i nbeisl iatlymofsatc tuonrc,h annhgiecah- i s ver
bl e reason. Comparatiary pdwaretssge | ast iem-ui pment
portant in making decirsdtoinen seaiqgthi pamse nwth.atl mpproadv e d
ucts one should make worrygellrgefi mpaompamyr @tsur n
unable to make a prod(JRDI)as Meen Y laisf ea coytcheer cost
and that is unlikely Htwt cnhoan gseo,|l vielmé , cachpanbhent ,
mi ght be well advi sed cta)usmaakoef aa cdci of uf netrienngt rpurloeds- a
uct skewed economic decisions.

Kol metz Law of Speci alDizsetdi |Knaotwloend grea yYAdo-e t he mos

vant agethe ability ofuanlinddvwbdenl posoimplae. Di
ny, or economy to conratcitonanofa &teiyvictoynpbeenés by
than anot her, for a ¢ htahnegiera brl eel arteiavseo nv osluacthi laist y ,
specialized knowledge also be called fractional d
tion. Distillation is favor
techniques such as crystal.]l
2.0 Distillation Specdralfiizeald Kmeodv| ssydggtee ms when;
most chemical procels.sTihreg reyattemse tvwd amailnty i s
operations domin2atPr;oduabeéemi aalk trreearcmadlolny st ¢

n

nit

oll owed by separationmn..Lafgemr dthes reraec tdags i rtehde,
eactants are then sendt.Nooextsemar abirommsuoint . pr ket
he separation unit, thmeneactamtiss ssw s saerparmrte s e
d into desired produbtMNg ewmprliesascitoend i psu@dsctas e pr
or recycle, and unwanted or by products.

—h @D+ = —hc —
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Tray divisions include; The resultant stage efficienc
column is | ower than expected
1 Baffle Trays most economical solution. Boi
2 Dual FIl ow Trays columns have reduced capacity
3 Conventional Trays sure increases.
4 Hi gh Capacity Trays
5 Mul ti pl e Downcomer TrTayasyed column are also affecte
6 System Limit Trays uid density ratio. The down co
affected by the ability of the
Packing divisions includéty to separate into their re
vapor to liquid density ratios
1. Grid Packing down comers are not sized prop
2. Random Packing
3. Conventional Struct urlLeidgquHadc klionagdi ng
4 Hi gh Capacity Structured Packing
In |l ow liquid | oaded systems
There are both process dmedtecdhmdmiec bacgumentos t he mas:s
for the best choi ces i n iesqtuiicpsmeonft psaeclkeicnhng.on.  TheTympdass
cally, structured packi mdi ¢ &t iboentst etraktelsam!| aaea@dom a t
packing for fouling servdpmgree ke cawere tihte hsawr fnaoc eh oarie a
zont al surfaces, but i f theuipdocasse has hhigdh trhaisntbeoc-un
nance concerns, random praecdkuicnign gmayh ebenasbhoseansfer. T
to reduce the Iife cycleecedtby high |iquid | oaded app
Fouling Potential I'n low | iquid | oaded systems
residence times | eading to undo
DeS|gning mass transfer fequlipmgnhtdfe®colfoudt ngn,sepoel ym
vice equires first an umddromt.tandinngddfi ttbe, ftomdyngin
mechanlsm, the process ihmvwehiddH fikbel fpwyumangt aicni ng a
cur s, and behavior of thei ptrroiclesstsi owvheact hes fobheingay,
is present. An understangdixmegctodd tthressye eiftfeintsi emece dess .
t o be devel oped i n advance of designing mas s
transfer equipment for fgQul2@0rsegytceoprocess contro
The challenges of operating tfgulal(:hlevleumﬁéable oper
result ing Pressure Control Challenges
1. lncre?se e”grg%’f.Cons””Bpetc'a%%ed“heuﬂansheaart l ess sensit
ransfer an e iciency
2. Reduced_column capaci&ﬁg{pvyhdee[aq "@aays |eaa\r,\?i Pt\spurzeng_rres;?
production | oses. r temperétur
3. jnereased down @;;ﬂteeg%elcv'i%an'tmgeraew & S Pehipet at ur s
4 . Pptential need for thetm?u(r)sfe aofffg,[h:e;n]e|caqa@éj% ? ls;restrrn
tives l ess stable than those that re
Vapor to liquid density Qpatipdgytanizer tower mal funct
When structured packing \T/vgagsumrﬁlrfsgt?Eihr{etorr;osrpd.lacrlge@cw'gdeIcyti%‘
vapor to liquid density hiddfenWdrBOf ol P&Eéé?ogontr
and structured packing w\%ér%p\%lii[ﬁde irr)es rugaes a%nfd IcodNnden
vapor to liquid density w IIeunngeexpofCtIf;BurteasnuilztesF colny e
one case an Al ky Unit Dgo dsé)nsBauthaensiZteﬁatwa§hée'reviou
vamped from trays to rintgos ailtyh rleerﬁsv performan(,pe,
the original trays were tf\en relns?a'?led. Sever al
Propyl ene and Ethylene S i e d
structured packing. nasntdaltelﬁegd[r?.Fhggstwfg)ﬁ]sehr?é?mfiﬁ Cﬁglleng
Level i nstrumentation i s mu ¢ h
Pressure normally has a mangepebpret penceheepar aecept
eters of surface tension and density ratios. Density ar d met hods have greater than
ratio is the ratio dlffe'rrhe.nsceigoedw@eﬂoth@nyapgrdaﬂﬂer
the liquid densities. Stirdmd uged tpme Kli e@nvge | C @ Ne & r Utsii-gh
lized i f the density ratios are | arge I f the densi |
ratio is belnmwibnldg, ea frra&adk can occur,
where the | iquid carries the vapor downward.
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Dual Fl ow Trays At high concentrations, above
can auto decompose resulting
Dual flow trays are thei ntcrayse®f wiptrhe fpeorteennctei af oda mag
heavy fouling services, but have | ow stage efficien-
cy. Dual flow trays haven nboutdcawre n@o mpdrasn,t swhae rsemal | a
product s of fouling phehemenas calnwaaycsc upnrue saet ret. . Extr
Stagnation in a down <comalkly ouseedvetno orecavedamatyhe val
deck, due to back mixingnotaopereauéeéd c¢cor pettylmeyr ffloe -vi
mati on. mul ated to an auto ignition | e
vessel failure and consequent.i
The vapor and liquid transfers up and down the
column thru the holes on the tray deck. This is an
advantage if the foulingCadlsumm $afeetvyvapor state as the
under side of the tray is continually washed. The
continuous agitation of @rhe ildsuwed df corn ctohleu nino pssai fdeet yo fi
the trays combined with icro;mthasolb®ewnndkerosnind et oweitgni t e
ting/ washing action makesotwbr s itsr aoy esnweidt afbdre rmairntf @eudn
ing services. The chall emagwe ogr adcec eddu ag u ifdleolw ntersa yf oirs r
matli stribution in | argerofii ameweer papoweng. fires.
Two types of dwual fl ow t 8ay sMaairnet eanvaaniclea brleel;i asbtia nidtayr,d a
deck and rippled deck. The stianpddrcd tdeoK hapais a
flat pl at e, and t he rippl ed deck has sinusoi dal
waves. Levelness is of eMdirretmendmpe rritalnicabitloi tdyu,alacces
flow trays because the ligmaidr wi bbues gmatng ttad mehse alroew
l evel on the tray and stiaeltd cdxameareile mges .DuaThef lfoinel d
trays have a tendency fotro haheonmnirayt rdeeysiwinkerattioonisncor
rippled decks have an exXdelsl einst anecarea i whdroaul ang exp
service except for one rbébcéenggy dagemeated tasa. process.
Fi xed Opening Trays Demi ster Pads
| f mass transfer effici ®dreany saed padsi ageresi gt eaacyg t
are both needed, t hen a bfuiixddendpdami rogg thigy imai hhenan
preferred choice. This cfail xeednt o me mimreqt d @ wimoer ail s od 9 ¢
raised opening on the tmwyttdedbkOt mmt (6 si mauHds)cieintmegs!
|l arge to allow vapor t-ob&kerrpnurmer otusayf adielcukr erso ni n der
fouled, while providing dughéo pragesuefefisargrcy. The |
teri al and fail due to pressur
3.4 Thermal stability, chemical stability
and safety Typical Demi ster Pad | ssues
Ther e ar e sever al
chemical stability
review
Thermal Stability
Ther mal stability i s a

many specialty chemical
tower bottoms temperatu
or polymerization can s
ward packing, falling fi

d

i al over
head condensers t o re e
drop.
Chemical Stability
I n several applications, a small amount of the feed
stream can accumulate in a distillation column and
have chemical stability issues. I n an ethylene plant
propylene splitter tower, Met hyl Acetyl ene and Pro-
padiene can concentrate in a section of the distilla-
tion tower below the feed
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The equi pment works as Makte elUra tphatcepsu MBovweh qual i
mu st be understood for af pacttiewel t od u llhees hsouobtjiencgt. und
Chemical engineering basswlist sarwve I equwitr e Bati sihact ory
derstanding both the equilfTpmentranghi hesppbyes®. get a
knowl edge to your trainer.
Finally, field technique and data interpretation skil!/l
are needed to gather redpierad i onsontmat inomg @fhderdevel
troubl eshooting fails dumento ifna utlimtewy,f nmitmeecmpluet € eandn
mi sl eading number s. ment. Give your employees the

10. Operations Traini Rgferences

The success of every companhkoldmeetezndk, of Dre.acWai Ki ong
empl oyee's understanding of L egeh,e Thaws iDieees €LlismRk €8 u mmer s
componebBmpl. oyee training andr drevdhoepoayt Soyza, Opt i mi
wi | | unl ock the companies' £o b U1 mnha tielsii tgyn afnodr rlerp radv d
ity When peopl e, processeDpaemati eohmoldodyai worekance,
toget her as a team developibhgcesachi cPaloceasluthPilamg, Ma
companies can maximize prof iHoabeill,i tualnad lasmeurs; i Mal a)
a sustainabl e manner. Withldep&@O®Bi on being typi-
cally over 40% of a plants cost and energy it is vital
that your operation team undkeasshraonudc kd,i st FI | aku noens hf,un J C
damental s. fiSuccessfully Troubl eshoot

erosChemi cal Engineering Pro
The uni't on stream time is B®n93 ndication of oper a-
tions trainingopeA atingt uquat si loen
steam factor is greater thakKo9m®tz|l K,theDran Watir ekainon g
factor is below 97% a revielweof o@Preaiag i ®n CGomk ,ni Brger g
and devel opment is warrantedrylbfgeonc sbDreaml fatit on, DI
or average years of operati RO0bxp&Spiremge ABCHEcCI|I Maet ir
ing a review of operations tGedrngina,-lasmmr 2d0eOv3ed op me n't
shoul d be considered.

Kol metz K, Sloley AW, Zy g
A revi ew of each trainer FaeexlpereisBWme Guindde!l i nes f ¢
knowl edge is <critical when ¢hoonsiCobd uanmsop er aFtoiuolnisng S
devel opment progr am. Supposlenstthd uttreaionfer Cuemrdiec al Eng
stands 90% of the subject EtAny | beenset , Phed und ggrh& Cenfer
able to teach the students T&W-5&Et hhi sn&n®WlaemdgeTechno
base on a short course basigancelsheref dristihéastan Te
dent' s knowledge base is 67%.] enlef Ptlhainst sperz®@ nAgmiels 20
and trains someone el &e, t heuiseicomal, <SUtSKAdent
knowl edge base is 51%.

. - . INTERNATIONAL ASSGCIATION OF
Become International Certified Engineer e muicss seness
KNOWLEDGE CERTIFICATH NETWORKING

I‘
i s 4 | & KUWAIT +965 65916313
NIE . info@,_);iep.in

B | Wwweniepia - info@eiep.in

CERTIFIED CRUDE Ofl ANALYST
INDIA +91 9747606616 ‘
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How Many Pressure Relief Devices (F
Have Venting to Atmosphere? Are The

Process Engineering Associates

Determining if the atmospheric release from a pressur
practice and a requirement Reefl iiredd dbew i O8HA thmad AFME.n
closed relief system (flare header, knock out pot, etc
a safeAmarenagineer can use readily available tools to p
to determine i f a more detailed quantitative eVhlhd uat i C
combination of pr el ikguiamariy astdrveee reiviag ,uassemin and more d
can be used to streamline the overal/l review process.
Screening T Relief devices that may hav

I nitial screening of each |vealevie wsfthogdtdetbg penter medand
to categorize (Tthe sl ewnwelol vgaakrbl&tive evaluation to de
view of t he existing PSD guii ZdieEg a@pl 68| @afi arhs samd e r
existing hazards eval agmhppxi antr e@ror saturated vap
recommendations to classifdengach device into one

of the following categorq ese|lasedgeon ctelse tnpagtiurgi 10/f r e
the fluid discharged: quantitative analysis to ger
| i Eex.ampl es of this are f1l al
1 Relief devices that si mptlOXinCeeVdd PtOol She VpdiPpOerds shheavi el

that discharge does not PRESel REte mMak endlisaq atnp of f si

i mpinge personnel in i%sRelaitenf odeviinchéspitth aatn aorpee rs-pec
ator from performing a function in an emergen - ple, a release that has beer
cyExample for this are | ewse®rleetsumay shavaem si tuation
releases or thermal coolanfgl awaamalp | epdlaiseet igwi,x taur2e, or

These wil/ require speci al

tions.
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Rel eases of liquids or sg@lVapot oMWhehatlmd sipdelresarthan
not acceptable and will BeReliref speocpal atdersé gahdqul &.be
containment or safety instaumesplernion tempepeéid ani mae e a
credible release scenari o).
I f any of these criteria are
The screening step deter%umgg ﬁ]la hadelqueastesh”&'u)ﬁ'dn ma
be carried further intopthena{ntaltaft|r evavﬂggFSR
that a relief guideFinetga?l'éBegveestaabyl|shepJ.esent'
foremost, a conservative approach should be taken
in the screening step tolmfhROi - eipfgict e K apen i dgnghhy
unsafe atmospheric PSD di $0RArfd"coliN§ ¥&RQpecl oud ma
detection and not be flagdé&defonNfyuPOR&Er 2 Az dle -
tailed, quantitative eval ®&£EHIES b9 dshtee rdHgVen b F PLANGEE NG
team. tration could be flammable o
T Vapor Reynol ds iNufmbtehe (Waq
SemQuantitative Analysis Nr e per API| "8dTiDr i502n1 56. 8. 2. 2
Preliminary calculations”ar:e dpegrstjct“ymé)é Pgsc%tmptap% ven
data to key process parameters that all ow, for a
) ) ) J gdensity of the air.
more detailed definition of the potenti al ri sk associ
ated with the release antdh dett remljnet imfomaenttn%rmefg?&es ]
tailed quantitative evalduoan;c“noghs(e, Ctmeajsetdigr?terrgljr?rrr]]ent
modeling) shoulthbekpgrﬁ/grrlglapllgrsnmable mi xXtures can pos
tnclude the following: or downwind. Additional analys
mine if threvedr cwomdcentrati on c
1 Adequatei ARIxXi D' BRilt i6omathl.e88 or t oxi c.
provides guidelines to determine if a relief de -
Vi ce di scharge t o atmﬂgpggrel.hé'sabaocvceepédalpelteiOn may
based on the mixing efvfeelcotcsit%/t <t|11€b Q/vit?]%havrm%em'tS)yor‘
To sgemantitatively detibmlne i f a release 1is
acceptable, the following criteria must be met:
T Potenti al for-t mé sgotfeamt mat
1. Exit velocity should be rﬁirsetatfeorrrﬁahtainonlotoo fotc/csuerc'eX|s
Studies have shown that éé‘v‘?/ BgFﬁ[di%fafblo%@mat'he mini
bl e concentrations eXIStp'enrgatbuelOWatthteheposiintte ofA des
di scharge is negligible E‘Socl?ogtaarurtﬁeordi é:rh E9&r sh
vel ocity i s squhfeicda‘eemltlhgéteilholing]h.lines to separate anc
shoul d be done at variouFe%/glyreoﬁ]aPﬁgiEtjligghgregg_.
25 %, 50% and 100% of the rating) since there
is a potenti al that the valve discharge rate may
be | ower than the actuﬂalMarXalte%mcapga%?P Ofc?ﬂgentr
val ve. (fl ammability-angret 0mi rcdrt

screening calculation to det
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estimated concentration
done t o deter mi ne i f fu PRESSURERELIEFDE?I’::::DISPOSALTOA‘TMOSP:ERE(AL;ULAHONS ng
iient: - Project No.:
should be perfor med. T r|E s bl
compared to the | ower efm= P :e-uw-moe‘«wsflf:m o1
flammable vapors (is CmfE—= - %ﬁﬁ?ﬁ:@?’"’rm’ aors
. W 25% m:or:‘::cl:::’ ;! ;’soose
the LEL?) and to appl i csu o oume S renemsvesn oo o1
toxic vapors (is Cmax ¢ wars”” cn E—
for that clompoexdmpl e, s o] Excesie boresre n 5V
mabl e material rel eased /[ o | e mo at
the release point shoul e ”: 3%? po-
[Cmax (Ibm/ft3 Air) X
tential to reach >2509% o ff e
[Relief Temperature (F)
o pemtir
Not eOne reference that O ST ———————
[Dew Point (F) at 1atm 159.1 159.1
equation fifon€mgrense An {=mmm_
[PSV backpressure 13.04% 13.89%
mospheric Discharge from ,
|RECOMMENDATIONS / COMMENTS:
Qualitative and Quantit iiK.:?:.;;m.mmmii;;:.;m ’"""”"""”"'"“‘"""“""d
3) Built-up backpressure geater than 10% of set pressure. Recommend 4" diameter discharge pipe o replace PSV with a balanced belows valve.
i MgBur gess, John P. E., St 1
& Burgess Process Safety
T Asphyxianiihaaardasphyx! «.. o ua o
charged and the vapor release is heavier than,
) o As a resul tquoafnttiftiast isveemianal ys
air, additional evaluatlfan maa/ be needed, .de,-
) ~ valve can be classified into a
pending on the |l ocation of the relief HEVICG to
_ . _ ry.Depending on the risks, you
determine if there 1is a}_potentlal for bmlduq_or re
. N i ne an atmospgerlc relief gui
-entrainment o the vapors in _oc i e spaces.
pthat t he %%% de3|8n can be con
mi ne that a more detailed quan
Again, a conservative apR[eBeEPsFHARUMIdERI AGKeEDhd DI d be
the memintitati Berdenl ysegageprptd8nd the potential risk.
bility of the above parameters should be consid-
ered for further modeling to. e (fure that the poten- |
) ] ) etaile Quantitative "Analysis
tial risk is accurately defined.
Resul ts of t he screening and
An exampl e summary of thgeyaspcirieeaniifOe agfla Py Lild Mmay i n
nary -ggearititative analysh§a|i>$sipsre(s§@é|¢da§ndépgi|ed di
bel ow summary table for acRB3Yred! &S inod eh esXp@eNc®i-f i cal Iy
|l ease pattern and | evel of ri
vapor release such that a spe
established for the design of
One method that is widely used
of releases ALOHAIEOHAEaA hazar ds
eling program that can define
for chemical releases and can
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BLEYEsBg (MARPLOGE ) i glus d & xpafnt-war
CAME® i S ®fst, wgproeo | Sufiitree,s ,t haen dA LVOa
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threat
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zoneel fet
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NANE: ALOMA Wind Drection Confidence Lnes
¥ 1200 ppm « 10w 180

Layer: AOWA

Perimater: 20 yds ()
Area: 0.00) 5 whes (3)
Time: Jaruiay 19, 2017 1235 hours ST
Chomical Name: N HEANE

J| Wind: § mies/hor fom W at ) meters

THREAT ZONE:
[0 - 6 yaeds o (7200 pom » 60% LEL = Flame
Pockaty
Note: Theaat o was not drawn because effects of
naar-held patchinessmake dsparsion predcbons less
relable for short dstances
I Orange: 60 yards «++ (3000 ppm

Yeow: 103 yards ++ (1200 gom » 10% LEL
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Accurate Prediction of Phase Equilibrium P
Peng Robinson Cubic Equation of State

Amit Katyal

Independent Researcher/Inventor
(Hydrocarbon and water treatment)
Www.eg-comp.com

Abstract

Phase equilibrium properties |ike bubble point, hydr o
t wo phase composition, binary VLE curves, hydrate equ
required in all kinds of hydrocarbon handling. There i
rium properties wusing simple equations. I'n the presen

properties of hydrocarbon mixtures using most simple t
along with Van der Waals mixing rule isCQMRBcrhaosdbe@n
devel oped for this purpose and its features are also d

Theory Exploration of these heavenly
tion of their atmospheres whic

Present day hydrocar bon dinadtuisam yo fc apnhnaoste feugnucitliicdor i um ¢
without accurate knowl edogfe vafri phasdyengqacai bonsmwith i
properties of pure hydr otcuatribnogn st haend Ry drocpdarebh @rs .
mi xtures. Phase equilibrBulmbpeoperitnites ydrhocdarobcoar - de w
bons are required in despghhnhg phdseféercéeiovpeppewa-phe
tion of each and every epgrue spsmebnitl iitnyv ofl avcitnogr sh y dorion-ar y \
carbons ranging from hydlrriokrairbmncpumpseto. ppese- few of
sure vessels and distill priopercolesmrmaving wide applic
) ) ) handling. For calcul ation of S
Phase equilibrium properties are also required in
properties for ideal hydrocarhb
upstream hydrocarbon processes |ike planning and
) ) ) peratures and p&elsswrean Raou:
simulation of oil and gas wells and drilling and pro-
) As per Rdawl t: °/ PYi =XT * Pi
duction of hydrocarbons. At mospheres of various
heavenly bodies in the uwMhievreer se are composed of
hydrocarbons 1 i ke met han¥i, iest hmaonlee, fpracgdmen afhdi compo
heavier hydrocarbons i n odmbisn anoil ®en fwiatch iiomorogani @ omp
gases | ike Nitrogen, Car BY%ins dviaopxoird ep raensds uHi yed rodfgein c ompo
sul fide. perature in pure form, and

P is system pressure
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However, at high temper 2t pypec ﬂar;"* pressur es,
even mixtures of simple? Vb V2426V, - molecules
deviate from i-ddahl tyyd, O47THRTE
mi xtures, fugacity coeff (,_[JTT'Jf{;f';:oased model s for pre-
diction of phase equilil ~ 5 roperties are used.
The fugacity of a real a [l+({l.:5?lfi1|l.:'»l‘.?'.!(iw'-ll.'.!li!l!l'.»‘.;"’)(l--'f',"'.'))?rtia|
pressure of a component ‘f‘,:;ri,ch replaces ideal par -
tial pressure of the component in calculation of dis-
tribution of the componlehtPOlwNeMgak af 0 vapor
phase. The ideal gas pry oerre and fugacity are
related through a di mensi ﬁff,"gess fugacity coefficient
asf/P 73 {{ir B)Z* 4+ (A-3B*-2B)Z - (AB-B* - BY) =0
Wherié¢ s fugacity coefficiwRdre, w is the acentric facto
fis fugacity is the universal gas constant.
P is ideal gas Ppressugg, calculations involving hyd

For a condensed phase (1949Li HYBESs&®fi d) XilMmdequhli&Srfar
um with its vapor phase,WaglgscMiXi B9 HYlse cioftmploh@entismp!
is equal to their fugaci P§N¥nROBpBFOPREIHAL FQBabPAYI b
nopolar or mildly polar QfompdUudBe! &ah b%an g &ry-Waal s
l ated to reasonable acclP&cy' §E5FRhES eMdtMorbUrog paral
state. Hydrocarbons and PRoPpURNcPELAWSs present in

oi | and natur al gpaosl ami xotru rneis e PPN

. Ca=Y > xxal"a; (1-k :
polar in nature. As equatio T MTTH 7 7 L luire very
few parameters I|like critical Tﬁ‘ itical t em-
peratures and acentric fact1"'5=—l_4?‘f"f)-i used to
calculate both liquid and Vapui1 pPHnase 1uyacity so
these are widely used inw$%%%b equilibrium calcul a-

tions of hydrocarbon mi xatuarneds B n ptehteroilnetuen‘iaicr{dLPsn- ener
try. parameters for the mixture
Numerous equations of st&te Ble=gi®v@ddin Aaredmegty&res f
Out of these, Soave Redlich Rwbh%" Subic equation

of state and Peng Robinsb®h TuGPOPE§LAI PN (Pl & JercCct i
are most widely used. GentfP& M/ XPYLHhY Robinson

cubic equation of stateKlils TpPdNATYed N ELACISIHQRY P AT am
Redlich Kwong cubic equalidn"BMPEL aPE GEMPPNEREE i LPstD

l iquid density more accurately.
Binary interaction parameters

The HRBabinson equation wagigdeyvghoped chPcuylated exper

1976 at The Univers-Nuy Peh g Algbesr t @g brYe 1 BitN% ns

and Donal d Robinl%oobni.ns'bhnsicrpgrmy@ interaction parameters.
equation of state is givepg BetPWate the binary interac

bel ow:
- NEERIE
= ‘r. ¢
k, =1 - | ———~*
o { NTE 1{.3

g [

ar e al so
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I n the abowei exmndatriepmes em@CAMPe icsridieompl ex chemical

cal volumes of componentsessasdmu] atéeospectoifuevlay.e t ool
The default val ue of e X pcounl eantti ndgi gvsaipdoocemal | y bsetumt @r o
1.2 but it can be used hywdraoctanbhiomg padamméepengmntniohi xn
mat chexpheri mentally measudumnededsdeowW rhogidmtocarbons by just

Temperature dependent bi@@MR ¢ ahepa eldiiiguii dvaepgomiel i br i un
ters can also be used intVas fer WpdfecamiBongmixytaeres
Temperature dependent bigsiatriyon nwierlacetp onopar mmei mum of
ters give more accurate iwngl HeEabdcnosnopna rceudb i tco egairat i on o
stant parameters or whenvingiwpaeametfform @ompluestead .i nf or m
E-Predictive PengPRRbV8soRmai8pdEsi bl e componei#ptod acan

tion gives a correlationytda ocalrbowhnhat e mpit ediycipiola@ar v dly-<
ues of temperature depehndenygarbiimagaseisntoar acitliddny pol a

paramet-RRR .7& equati on c #us mgdulesef BQeE@MR carabe used to find out

ture dependent binary i bubbblet ipoon np artaenmepteerrast ufr er, bub
mi xtures containing wat-elhry dorecsd adrelsonpadawf ipms ntcytcelmper a
paraffins,ol®lfefnisns,ardimatlieaevs ,p oti mito | pr eassmsdir e, phase en\
i norganic gases | i ke ni tcroopeors,i t¢ @amb cam dd icooxm pdCed,dBh ybo-i

drogen sul fide, hydrogencaargonuantebyygperdict VLE pr
As -PBPR 78 equation can i mcelguden wandrf as aompmsi ti ons i
ponent so it can be useti dms -coafhdnechnahé e svat er dew

point curves and hydrateTleguphbabei iemveuropwes ¢CerPrhayt-e d
drocarbon mi xtures contaiomisngt svatodér ea@ac i btreluyn. t e mp e
Temperature dependent bi ssmeqyi fiinegckriact eonalpaotmé-4 bar
ters asPLPRer78E equation cahedrl wvarmamuk aattelde criti cal poi
using group contributiondemebahodandi ogi tbedéonthewmngor

equation. be |l ocated on the phase envelo
Carbon dioxide freezing and f

L5 o (- -2 (;‘_)(A)} (\}_,\}_[) ca-rbon mi xtures con.tai-ning co
bM< - usi ngCCaMpP . Carbon dioxide free
u# curve is calculated by wusing t

| binary i nteraction par-ameter ¢

WherlBk is the fraction oRoblonscul eubi ®ocegpaedohyof st
group k (occurrence of gwioduegps ks aifne moopleercautlien gi tdeimpied-at L
ed by the total number adfi tdronsp S opr daaentd i ng MmMepdeeoecar b

cule i). Akl = Alk and RkI2 =ndlek ¢twhegenkc aodndi tairens
two different groups) are constant arameters giVv-
) Separate modules are designed
en Apmpend( Ak = Bkk = 0). ]
dew pojnt curve for mi xtures
Accur at e predi-ttgohd oEqu\AaIplobrrlum
) ween 1 WeI%ht % and 50 weight
properties requires comp ex calculations which <can
equilibrium curve for hydr oc a
only be executed through 'complex computer pr o-
temperature dependent binary
grams run on | atest computers ) _
ters (BIPs) in Peng Robinson e


http://www.eq-comp.com
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Gas hydrate dissociationUgutreeal/ mgasmbhmdioat el O0e Psie-udo
l'ibrium curve for pure hydrianel ddbedniing vampomenVEE cal

and hydrocarbon mixturesCGMMtaining at |l east one
hydrate forming component can be calculated us- ,
] - EQCOMP software uses modified
i ng -CEOMP . Hydr at e f or mi nF? components in- )
] obinson <cubic equation of s t
cluded -GCOMPEGre methane, et hane, pro-
. Apart from the constant val ue:
pane-butnarea,t aine, ethyl ene, propyl ene cy - ) )
] arameters derived using crit
clopropane, nitrogen, hydrogen sul fide, car bon i -
) acting components -CQIMPe nc ambov e
oxi de, argon and oxygen. Also hydrate equilibrium
include "any other binary inter
curves for pur e hydrocarbons and hydrocar bon
. ] calculations” i n case_ the same
mi xtures in presence of hydrate inhibitors |ike salts
) user -COBM® can also include ter
(Li Cl, NacCl , KCI , CscCl , CaCl 2 and MgCl 2), salt mi X -
] ] ) endent bi nary interact-i on p a
tures, organic i qui ds imethanol, ethylene glycol _
redictive Peng-PRRbV7AE)omquéat i:«
et hanpdgopdmalo,pazholt ylt al cohol and )
in its calculations. These pal
glycerol) , sugars (deoxyri bose, ri bose, fructose
to increase the accuracy of p
sucrose, glucose and maltose), urea and for ma-
_ erties over constant parameter
mi de can be cal-€EOMRt ed u5|ng|_ EQ . . _
eters. Temperature dependent binary interaction
) ) parameters ar@OMPPetdo imalEcQul at e
Concentration-y dipdagotams texmperatur e
i ) ter dew point temperature val
concentrationxydipdgrtgmsan(dT ent hal py
] ] accurate Tesults comparable tc
concentratiomxydipagtamsanhHDbe gte_ner— .
) i sociation) equatio@BObMP 8$ase.
ated for binary mixtures wusing . binary VLE calcul a-
] ) statistical ttfher modynamic mode
tion modudCGMPof TERN@ se diagrams can be
_ _ oped by Van der Waals and Pl a
used i CmabMc Thiele method and Ponchon Sa-
] ) predict hydrate dissociation
varit method to design distillation columns for bina-
mi xtures.

ry hydrocarbon mixtures.
Some of the gr aphGOMPl arrees uglitvs-
More accurate basic stagenbMpnpsetnadgex dBBesi gn cal cul a-

tions for binary 