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TUYEN BO TU CHOI TRACH NHIEM

Tat ca cac an pham cda AIGA VN hodc mang tén AIGA VN déu chira théng
tin bao gém huéng dan thuc hanh, 4p dung quy trinh an toan, théng tin ky
thuat, qui dinh phap luat, su kién khac dugc thu thap tir cdc nguén ma
AIGA VN cho la dang tin cay va / hoac dua trén thong tin ky thuat, an toan
va kinh nghiém hién cé san tir cac thanh vién cia AIGA VN vao ngay phat
hanh

AIGA VN khong bao dam ciing nhu khong chap nhan bat ky trach nhiém
phap ly nao vé tinh chinh xac, day da hoac ding dan cua théng tin ¢6
trong cac an pham nay. Mac du AIGA VN khuyén khich ngudi dung dé
tham khao hoac ap dung ching trong céng viéc cta minh, nhung viéc
tham khao hoac ap dung la hoan toan tu nguyén va khong rang budc.

AIGA VN khong kiém soat bat ky diéu gi lién quan dén hiéu suat hoac dién
giai sai, s dung hgp ly hoac khong hgp ly bat ky thong tin hoac dé xuat
nao trong cac &n pham ctia AIGA VN bdi bat ky ca nhan hoac té chic nao
(bao gom cac thanh vién AIGA VN). Tuy nhién, AIGA VN khuyén cao ngudi
dung khéng chinh sira, thay déi ndi dung va st dung 4n pham cua AIGA
VN khong ding muc dich, va AIGA VN tu chéi r6 rang bat ky trach nhiém
phap ly nao lién quan dén viéc nay.

Cac 4n pham cua AIGA VN phai dugc danh gia dinh ky va ngudi dung dugc
canh bao dé c6 dugc an ban mai nhat
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DISCLAIMER

All publications of AIGA VN or bearing AIGA VN's name contain information,
including work instruction, safety procedures applying, technical
information, legal requirement, events that were obtained from sources
believed by AIGA VN to be reliable and/ or based on technical, safety
information and experience currently available from members of AIGA VN
at the date of issuing.

AIGA VN do not ensure nor accept any liability as to the accuracy,
completeness or correctness of the information contained in these
publications. While AIGA VN recommends that the user refer to or apply it
into their working, such reference to or apply thereof by the user is purely
voluntary and not binding.

AIGA VN has no control whatsoever as regards, performance or non-
performance, misinterpretation, proper or improper use of any information
or suggestions contained in AIGA VN's publications by any person or entity
(including AIGA VN members). However, AIGA VN recommends that users
do not modify, change the content and use publications of AIGA VN for
improper purposes, and AIGA VN expressly disclaims any related liability.

AIGA VN's publications are subject to periodic review and the users are
cautioned to obtain the latest edition.

24 May 2024



1. Mau ctia khi Hydro
Hydrogen gas color
Cac phuang phap san xuat khi Hydro
Various hydrogen gas production methods
Nguyén liéu san xuat khi Hydro
AS Feedstock of hydrogen gas production
N Q I Cac qua trinh chinh san xuat khi Hydro

D U N G Main process of hydrogen gas production

5. Qua trinh tinh ché san xuat khi Hydro
Agenda = .
Purification process of hydrogen gas production

6. Chat thai tir san xuat khi Hydro

Waste from hydrogen gas production
/. Cong suat cua qua trinh san xuat khi Hydro

Capacity of hydrogen gas production processes
8. Tom tat

Summary

AIGAVN-TM-013 _ HYDROGEN — San xuat va Céng Nghé | Production & Technology
g e —— L m W i e o B TR,




o
W

cua khi Hydro

Hydrogen gas color




Khéng mau, khong vi va khéng mui

"Colorless, tasteless and odorless”.

MAU Y nghia mau sac cta Hydro la gi?
CUA What's the meaning of colors of hydrogen?
KHI — Hydro véi Oxy la nang lugng chi tao ra nuéc

H2 with O2 as energy generates only water.
- Nang lugng sach
Clean energy.

— Trong san xuat Hydro, nhiéu qua trinh thai CO2 vao khong khi

"  HYDRO

Hydrogen gas
color

In Hydrogen production, various process exhaust CO2 to air.
- M0i qua trinh déu dua ra khai niém vé mau sac

Each process was given color conception.
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MAU CUA KHi HYDRO Hydrogen gas color

-----------------------------------
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NUGC WATER

---------

bién phan nudc

! Dién phan nudc
bang nang lugng

bang hén hop

tai tao nang lugng tai
Water electrolysis tao
by renewable Water electrolysis
power by mixture of
renewable
. """ energies
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NGUYEN LIEU CHU YEU MAIN FEEDSTOCK

¢ &
""" l NHIEN LIEU HOA THACH FOSSIL FUEL I

bién phan nudc
bang néang lugng
hat nhan

Water electrolysis
by nuclear power

® ®

.
PHUONG PHAP SAN XUAT PIEN HINH TYPICAL PRODUCTION METHOD
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Tai tao hai nudc. Giong H2 xam,
Thai CO2 vao nhung CO2 dugc
khéng khi thu gilf hoac sur
Steam reforming. dUQg vchlo san
CO2 mission to air pham khac
CH4 + 2H20 Same H2 Gray, but
= 4H2 + CO2 CO2 will be
..« captured or reused e«
Yy Kfor other productSJ

Nhiét phan mé tan,
Khi H2 khong phat
thai CO2

Methane pyrolysis
H2 gas without CO2
emissions

CH4 (+ energy)
=H2 +C

~
Oxy hoéa khong
hoan toan. Doi khi
ra H2 xam

Partial oxidation
Sometimes included

in H2 Gray
C+1/202 =CO
CO+H20= H2+CO2Z |,
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Cac
phuong phap
san xuat
khi Hydro

Various Hydrogen gas
production methods

*"
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HiINH ANH TONG QUAT VE SAN XUAT KHi HYDRO

General image of hydrogen production

N!—IIEN LIEU
HOA THACH
Fossil Fuel

Dau; Than da; Khi tu nhién
Oil; Coal; Natural gas

SAN PHAM
CONG NGHIEP
By-products of

industry

Khi giau H2 (k gém COG)
H2 rich gas (ex COG)

NANG LUON .
TA| TAO SINH KHOI

Renewable Biomass




QUAN DIEM KHAC NHAU VE SAN XUAT KHi HYDRO

Various perspective of hydrogen production method

Qua trinh
loc

Nguyen Purification Xt ly Cong suat

Capacity

lieu = o
- > process chat thai
Qua trinh
Feed Stock Waste

chinh M "
Main reatmen

process

W ® @
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Nguyén ljéu
san xuit
khi Hydro

Feedstock of Hydrogen
gas production
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NGUYEN LIEU
SAN XUAT

KHI HYDRO

Feedstock of hydrogen
production gas

- B BEED([EEEE

HEN
LI
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San pham céng nghiép

Vd: Khi |0 than ti nha may thép
Khi giau hydra tuir héa dau
\ '

( =
By products fromrmdustry
Ex. Coke Oven Gas (COG) from steel factory

Hydrogen rich gas from petrochemicals

CH4,

C2H6, |
C3Hs, ® @
naphtha, _ _

Alcohol,,, - - =

Can nang
Heavy residue

Than da
Coal
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Qua trinh chinh
san Xuat
khi Hydro

Main process of
Hydrogen gas production




PIEN PHAN NUGC

Water electrolysis

4e- 9 2H2 2H20 9 02 '
2H,

@ _ e

Cathode

%

Nudc Water

Hzo = HZ + 0.502

o
~ _S O Nguyén liéu
_‘g '8 Feedstock
8] 5: Phan (rng
=1 . )
r ) Typical reaction
‘ Ghi chu
‘ Note

Nhiét d6 moi truong
Ambient temperature

>0 &

L
X
0
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NHIET PHAN ME TAN
Methane pyrolysis

CH4 =2H2 + C

700 ~1,000°C : @ el gas

Nguyén liéu

Feedstock CH,

Phan ing B

Typical reaction CH, =2H, + C
Ghi chu 700 ~1,000°C
Note

(Pang phat trién ky thuat | Under technical development)
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CAI TAO HOI NUGC 1/6

Steam reforming 1/6

lAlGA

Phan (rng hydrocacbon nhe véi hoi nudc trén chat xuc tac

Light hydrocarbon reaction with steam on catalyst

Vi du cia Mé tan Example of Methane CH,

CH, + 2H,0 > 4H, + CO,
CmHn, CH, + H,0 > 3H, + CO ; Caitao hoi nudc Steam reforming 800-900°C
MIIS BRI CO + H,0 = H, + CO,; Dich chuyén CO shift 500°C

Can 2-3 I8p xuc tac cho qua trinh nay 2-3 catalyst beds are necessary for this process

Vi du cho Metanol Example of Methanol CH;OH

CH;OH + H,0 - 3H, + CO,
Alcohol, CH,OH > 2H, + CO; Cat Metanol Methanol cracking
e CO + H,0 > H, + CO,: Dich cuyén CO shift 230l
Water

Théng thudng ap dung 1 tang xic tac cho qua trinh cat metanol va dich chuyén CO

Common 1 catalyst bed is applied for Methanol cracking and CO shift
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. . AIGA
Qua trinh san xuat H2 ti khi ty nhién Khir luu huynh gtaela:aore?g:r:;dc -
Hydrogen process for NG base Desulfurization J CAI TAO
Khi thai 7
S NUGC

Hydro Stea m
Hydrogen .
Sl Reforming
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HYDROFORM-C

SAN XUAT HYDRO BANG CACH CAI TAO HO'I NU'OC
CUA KHi TU NHIEN, LPG, HOAC NAPHTHA

Hydrogen generation by steam reforming
of natural gas, LPG or naphtha

Video source from YouTube
English and Vietnamese subtitles by AIGA Vietnam
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CAI TAO
HO I,
NUOC
2/6

Steam

Reforming
2/6
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CAI TAO HOI NUGC 3/6

Steam reforming 3/6

18

Vi du: Example C;Hg (Propane)

C;Hg + 3H,0 = 3CO + 7H,

(Phan Ung thu nhiét
endothermic reaction)

3CO + 3H,0 = 3CO, + 3H,

(Phan Uing tda nhiét
exothermic reaction)

C,H, + 6H,0 = 3CO, + 10H,

(Phan ng thu nhiét
endothermic reaction)
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CAI TAO HOI NUGC 4/6

Steam reforming 4/6

Khi dét ‘: -~ | Bo ta(? Reforrr_].er
Combustion gas
Nguyén liéu Qua trinh loc p
Feed CH4 Purification process
L
Haoi nudc
Steam -
: Qua trinh
HTS LTS loc
~400°C ~200°C Methanol Purification
. o L L process
Khong khi Air feed Fe-Cr (Chat xic tac) Cu-Zn (Chat xuc tac) T
Nhién liéu Fuel Fe-Cr catalyst Cu-Zn catalyst
CAITAO LOAI BO CO S
REFORMING CO REMOVAL Nudc Water

Cai tao hai nudc cua Hydro cacbon nhe (+nudc)

Cai tao hoi nuéc cia Metanol (+nudc)
Steam reforming of light hydrocarbon (+water)

Steam reforming of Methanol (+water)
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CAI TAO
5/6

Steam reforming 5/6

BO TAO LUA CAO BO TAO LUA HONG BO TAO LUA BAC THANG BO TAO LUA DAY
TOP-FIRED REFORMER SIDE-FIRED REFORMER TERRACED-WALL REFORMER BOTTOM-FIRED REFORMER

Ex. CH,, CHg, C3Hg,
naphtha, etc,,
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CAI TAO HOI NUOC 6/6 Steam reforming 6/6 M

VD: May cai tao Metanol Methanol reformer
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OXY HOA KHONG HOAN TOAN

Partial Oxidation

Ghi chd Note

Nguyén liéu Feedstock

Can nang

Heavy Residue,
Than d4, bao gom
hydro cacbon nhe
Coal, including light
hydrocarbon, etc,

Example of C3H8 (Propane)

Kiéu phan (tng Typical reaction

C;Hg+ 1.50, = 3CO + 4H, (Phan ing thu nhiét Exothermic reaction)

3CO +3H,0  =3C0,+ 3H, (Phan ung thu nhiét Exothermic reaction)

C,H,+1.50,+3H,0 = 3CO,+7H, (Phan (ng thu nhiét Exothermic reaction)

1200-1500°C

ﬁ Sc do6 donqg chay co ban cua nha may khi hdéa Basic flow diagram of a gasification plant

Nhién liéu Fuel, steam

I —

Lam ngudi nudc Quench water

Nudc +b6 hong Water+ soot

Nudc lam mat Cooling water
e
«—

WD é—
T Hgi nudc
Steam
’ Cot rua khi hoa khi
{D Khi hda cho can @ Washing column for

Gasifier for residues Gasification gas

—

—>

>

&

Cot tai sinh
Regeneration column

.. Chuyén héa CO d€ san xuat H2
“ To CO conversion for H2 production

Dé&n may dién IGCC dé phat dién
To IGCC power station for power generation

Dén cac don vi san xuat héa dau ha nguén
To downstream petrochemical production units

Dén nha may Claus dé thu héi luu huynh
To Claus plant for Sulphur recovery

)

22
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CAI TAO HOI NUGC VA OXY HOA KHONG HOAN TOAN 1/2

Steam Reforming vs Partial Oxidation 1/2

Minh hoa nguyén liéu sir dung va cong suat Applicable feedstock and capacity image
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CAI TAO HOI NUGC VA OXY HOA KHONG HOAN TOAN 2/2 w

Steam Reforming vs Partial Oxidation 2/2

Hang muc Item Cai tao hai nudc Steam reforming Oxy hoa khong hoan toan
= (SMR) Partial Oxidation (POX)

Phan (g Reaction Véi hai nudc trén chat xuc tac Vc'_fi 02 mé khong co chat xuc tac
With steam on catalyst With O2 without catalyst

02 Khong can No need Can Need

CO and H2 Thém More H2 Thém More CO

Thai Waste Khong No Co Yes

Nhiét d6 Temp Thap hon Lower Cao han Higher

Gi sat
Blast furnace

Than cui I I I
Charcoal C !

ISMR | l POX !
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Qua trinh loc
trong san xuat
khi Hydro

Purification process of
Hydrogen gas production




QUA TRINH LOC TRONG SAN XUAT KHi HYDRO

Purification process of Hydrogen gas production

Nguyeén liéu chinh
Main feedstock
(CmHnN)

Su khi hoa

— 3 h"’ h A h.,\
Gasification San pham phu cong nghiep

By-products from industries

(SMR, POX)

Nguyén liéu phu
Sub feedstock
(H20, 02, etc.,)

" Thai Waste

26

- CO2
— Hgp chat luu huynh
— Sulfur compounds

Tach / Loc { Thai Waste
Separation/Purification - CO2
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QUA TRINH LOC TRONG SAN XUAT KHi HYDRO

Purification process of Hydrogen gas production

Xu ly khi chua, vi du véi K2CO3
Sour gas treatment example with K2CO3 = Hydrogen

CO2, H2S
Hap thu Absorption Tai sinh Regeneration
KoCOg + HoS = KHCO3 + KHS =
KHCO5 + KHS KoGOg + HoS
Khi dau vao Feed gas Hoi nudc Steam

:C\j/ -

Dung dich giau Rich solution Dung dich nghéo Lean solution
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QUA TRINH LOC TRONG SAN XUAT KHi HYDRO

Purification process of Hydrogen gas production

/

Budc Step 1 Budc Step 2 Budc Step 3 Budc Step 4 Budc Step 5
Hap phu Giam ap dong thoi Giam ap ngudc dong Lam sach bing khi tinh khiét biéu ap
Adsorption Co-current depressurization  Counter-current depressurization Purge with pure gas Depressurizations

Cac tap chat
dugc hap thu
trong khi khi di
chuyén lén
trong budc hap
phu

Impurities are
absorbed while
the gas moves
up in the
adsorption step

Khi dugc st
dung dé can
bang ap suat va
loc cac binh
khac

Gas is used for
pressure
equalization and
purge of other
vessels

Cac tap chat dugc
giai hap va
chuyén vé hé
théng khi du

The impurities are
desorbed and
moved to the Tail
Gas system

Cudi cung cac tap
chat dugc giai hap
bang cach Iam sach
chat tinh khiét
Finally, impurities are
desorbed with
receiving purge of
pure

Trudc khi di vao
qua trinh hap
phu, binh dugc
diéu ap lai dén
ap suat van hanh
Before going to
adsorption, the
vessel is
repressurized to
the operating
pressure

PSA

Héap phu
Xoay ap suat
Pressure
Swing
Adsorption

28
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QUA TRINH LOC TRONG SAN XUAT KHi HYDRO

Purification process of Hydrogen gas production

Vat liéu mang va tinh chat cia n6 Membrane Material & Its Feature

T6c dd tham thau khi qua mang polyimide
Permeation rate to gases in polyimide membrane

Can bang tét vé tinh tham va dé chon loc D6 tham thau cao

! Good balance for permeability and selectivity High permeation H20 H2 He
o Dobeéncahoctot CO2 H2S
Good mechanical resistance L 4
Phu thuoc vao kich :
3 Kha nang chiu nhiét tuyét voi thudc phan tor va 02
Excellent heat resistance d6 hoa tan
Khang héa chat tot Dependent on .
4 Good chemical resistance molecule size and CO Ar Air
D& tao thanh sai va 16 . . solubility
5 é tao thanh sgi va I6p mang mong N2 CH4 C2H50H

Easy to make fiber and thin skin layer

Dé dang sap xép vdi cdc monome khac theo quan diém thiét ké vat liéu D6 tham thau thap

Easy to arrange with other monomers for a viewpoint of material design Low permeation JC2H2 C3 + Hydrocarbon

\n=°

0=0

o
&
~|;'a g g = N
B

Cap khi qua sgi rong polyimide va thadm qua 16i
Polyimide Hollow Fiber Shell-feed and Bore permeate
ATGAVN-TIVITUIS — HTURUGEN = SadITXU4T Va CONE NENE T PTOUUCTO & TECNTOTOEY ZaVay 2024




(H2 + CO)
Syngas

Fuel Gas
-«

QUA TRINH
LOC TRONG
SAN XUAT
KHI HYDRO
Purification
orocess of
Hydrogen gas
oroduction

(CH4 wash)
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LUU DO LOC VA HOA LONG CO2

Typical CO2 purification flow and liquefaction

Bo6 tach khi
Separator

B6 lam mat
Cooler

32

ele

May nén
Compressor

B6 loc
Scrubber

Q

Bom
Pump
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Bo
lam
mat
Cooler

b g

[\

B6 lam mat
Cooler
I‘-H-‘l ‘:I LR @ @
B6 hap phu 2
Adsorber - -
B6 lam lanh
e . Refrigeration Unit
-'_;: Cot CO2
1"-.._..-l'r CO2 column

Bo gia nhiét Heater

)

Bo sinh hoi
Reboiler

. ( _j)
0
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Bon chira
Storage tanks

Bom tai
Loading pump



LUU DO THU HOI LUU HUYNH (Pon vi Claus) @

Typical sulfur recovery flow (Claus unit)

Crcinus o | aocuvsour | supencias

Lo phan Ung Reactor Lo phan &rng Reactor L6 phan &ng Reactor Khi du Tail gas
Hai nudc Steam —l - h-l = f
Nudc Water ;
Lo dot l T No6i hai thai nhiét
Burner Waste heat boiler -‘—
r I- E
* : | 1
|
,ﬂ_l I Hai nuéc . , 1 -
Steam 1 f Hai nudc 4 Hoi nuéc T s | * Hai nuéc
r ! & ; Lo phan ng Steam Lo phan ng Steam Lo phan (ing Steam
1 Reactor T Reactor ‘T Reactor T
Lo phan Ung T =
Reaction Furnace (i ) ( ) (
| 4
1 Ei . .
Binh ngung J 1 Binh ngung j T _T 1

1 Binh ngung _T Binh ngung
"_ o Condenser Condenser Condenser * Condenser ) *
L Nudc Water Nudc Water Nudc Water
F )

4 4 2H,S+ 30, — 250, +2H,0 =

Khi dau vao Kh6ng khi NbNG Dé TANG LEN

Feed gas o 2H28+ 302 — 3/282 +2H20 CONTENT INCREASE
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Nang luc
cua cac qué‘ trinh
san xuat

khi Hydro

Capacity of Hydrogen gas
production process




Water electrolysis

Nhiét phan meé tan - -

Methane Pyrolysis

Cai tao hai nudc Methanol
Steam Reforming

NG, naphtha, etc

Oxy hoa khéng hoan toan
Partial Oxidation

10 100 1,000 10,000 100,000
(Nm3/h)-H2

CUA CAC QUA TRINH SAN XUAT HYDRO

Capacity of hydrogen gas production process



Tom tit

Summary




Cd nhiéu cach chuyén khac nhau tir nguyén liéu thé sang hydro m
Various passes from feedstocks to hydrogen
Khéng chi tir nguyén liéu ma con tur cac san pham phu
Not only from feedstock but also from by-products
; S — Hau hét cac qua trinh déu tao ra CO2 dudi dang san pham phu
TOM TAT Almost passes produce CO2 as by-products
Summa ry ~ Phat thai CO2 tryc tiép vao khang khi hay khéng

Direct CO2 emission to air or not
— Thu hé6i CO2 hay khong
CO2 recovery or not

— CO2 la san pham phu trong san xuat dién

CO2 as by-products at power generation
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HIEP HOI KHI CONG NGHIEP CHAU A TAI VIET NAM (“AIGA VN”) m

XIN CHAN THANH CAM O'N BAN DA SU’ DUNG TAI LIEU CUA CHUNG TOI DE THAM KHAO VA HUGONG DAN

CHO NHO’'NG NGU'O1 BANG LAM VIEC TRONG LINH VU'C KHi CONG NGHIEP
Thank you for using our materials for reference and guidance for those who are working in industrial gases field

HAY LAN TOA TINH THAN LAM VIEC VA TUAN THU CAC QUY TAC AN TOAN, QUY TRINH SAN XUAT AN TOAN
VA QUY DINH PHAP LUAT KHI LAM VIEC TRONG LINH VU'C KHi CONG NGHIEP DE GIAM THIEU TAI NAN SU’

cO CHO CHINH BAN, NO'l BAN DANG LAM VIEC VA DAT NUG'C BAN PANG SONG
Please work and compliance with safety rules, safety production process and legal requlations while working in industrial
gases field to reduce incidents/accidents for yourself, your working place and your country
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