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Tom tat

Hydrogen chiém 75% cac vt chat thong thutng theo khdi lugng, trén 90% theo s lugng nguyén ti va la nguyén to pho bién thi 3
trén bé mdt trdi dat, chd yéu la 6 dang hgp chat héa hoc nhu nudc va hydrocarbon. Hydrogen khi dugc dot chdy tao ra nhiét va nudc, khong
gdy 0 nhiém mai truong va dugc du bao la ngudn nang lugng sach cta tuang lai.

Hién nay, hydrogen chi dugc san xuat cong nghiép chd yéu thong qua qua trinh nhiét héa cdc nqudn nguyén liéu hoa thach nhu than,
khi tu nhién va sdn xudt tU qua trinh dién phan nuéc. Cac phat hién hydrogen tu nhién dugc ghi nhén trén thé gidi, dac biét la viéc tham
do va phat hién cac tang chiia hydrogen tuong d6i tinh khiét, khai thac thi va st dung hydrogen dé phat dién 6 Bourakebougou (Mali)
cho thdy kha ndng tim kiém, khai thac hydrogen tu nhién trong long dét. Bai bao gidi thiéu cac phat hién hydrogen trong tu nhién trén
thé gidi va dé xuat cong tac tim kiém hydrogen tu nhién trong long dat 6 Viét Nam.

Tut khéa: Hydrogen tu nhién, hé thong hydrogen, chuyén dich néng luong.

1. Giéi thiéu

Chuyén dich ndng lugng la xu hudng dang dién ra
manh mé trén thé gidi véi muc tiéu giam tiéu thu nang
lugng hoéa thach, sit dung nang lugng hiéu qua hon, it gay
anh huéng dén moéi trudng, bién dsi khi hau, gidm phat
thai khi nha kinh. Hydrogen két hgp véi oxygen khong
tao ra khi carbonic, khéng tao ra hydrocarbon mach vong,
khong tao oxide luu huynh, khong tao oxide nitrogen,
khéng tao ra ozone. La nguén nhién liéu dé chay than
thién v6i méi trudng, cing vdi viéc san xuat nang lugng
hiéu qua, hydrogen giai quyét dugc nhiéu van dé tur 6
nhiém khong khi dén su néng Ién toan cau [1].

Hydrogen dong vai trd rat quan trong trong chuyén
dich nang luong. Dé dat dugc muc tiéu cda Hoi nghi lan
tha 26 cac bén tham gia Cong udc khung cda Lién hgp
quéc vé bién déi khi hau (COP26) nhdm gidi han su gia
tang nhiét d6 toan cau & muc dudi 2 °C va ¢d gang gidi
han & muic dudi 1,5 °C trong thé ky XXI so véi thai ky tién
cong nghiép. Muc phét thai CO, trén thé gidi tir cac hoat
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ddéng nang lugng phai gidam khodng 60% vao nam 2050
trong boi cdnh dan s6 thé gidi c6 thé ting thém 2 ty
ngudi. Hydrogen c6 7 vai trd chinh trong su chuyén dich
nang lugng gém: i) San xuat dién nang va tich hop nang
lugng téi tao quy mo I6n; ii) Truyén tai va phan phéi ndng
lugng gilra cac khu vuc, linh vuc s dung nang lugng khac
nhau; iii) Tich tri ndng lugng dé nang cao tinh 6n dinh cda
hé thong; iv) Khit carbon trong linh vuc giao thong van tai;
v) Khif carbon trong linh vuc st dung nang lugng trong
cong nghiép; vi) Khit carbon trong linh vuyc s& dung nang
luong dan dung; vii) Cung cdp nguyén liéu sach cho cac
qua trinh san xuat cong nghiép.

Cho dén nay, hydrogen dugc san xuat cong nghiép
théng qua qua trinh nhiét hda cac nguyén liéu héa thach
nhu: than, khi ty nhién (grey hydrogen hay hydrogen
“xadm”), khéng tranh khoi phat thai ra luong lén CO,.
Hydrogen “lam” (blue hydrogen) dugc sdn xuat bang
phuong phap nhiét héa hydrocarbon két hop cong nghé
thu gom va luu trit CO, (Carbon Capture and Storage -
CCS) la giai phap thay thé cho hydrogen “xam”. Tuy nhién,
viéc b6 sung hé théng thu gom va luu trir CO, sé lam tang
chi phi san xuat hydrogen khoang 1,5 lan. Hydrogen xanh
(green hydrogen) 1a sén pham thu dugc tir qua trinh dién



PETROVIETNAM

phan nudc bang nang lugng tai tao than thién vsi méi trusng. Dién phan
nudc thanh khiH, va O,la phan (ng hoan toan khéng phat thai CO, nhung
¢6 chi phi khé cao so véi 2 phuang phap trén. Tuy nhién, chi phi nay dang
¢6 xu hudng gidm nha vao su phat trién cong nghé dién phan va tan dung
nang lugng tai tao, dac biét la dién gio, dién mat trai. Cong nghé san xuit
hydrogen tif cdc ngudn nguyén liéu sinh khéi, tdo va cac chuyén héa sinh
hoc van dang trong qua trinh nghién ctu, thi nghiém.

Hydrogen & trang thai phan tir (H,) dugc coi la khong ton tai trong
tu nhién, ngoai trit & dang vét. La loai khi nhe nhat trong sé cac loai khi,
hydrogen khuéch tan nhanh chéng trong khong khi, ciing nhu céac vat liéu
khac nhau. Do d6, hydrogen nhanh chéng rgi khéi noi phat sinh va khéng
thé bi gill tai cac bay dia chat trong thai gian dai [2].

2. Phat hién hydrogen tu nhién trén thé gisi

Dinh kién “hydrogen tu do trong tu nhién la rat hiém” anh hudng dén
viéc phan tich va ldy mau va thiét ké hé théng phat hién khi hydrogen trong
tim ki€m, tham do. Giéng khoan tim kiém, tham do dau khi va cac khoang
san khéc dugc khoan vao céac bé trdm tich, nhung day khéng phai la noi co
nhiéu hydrogen nhat. Mat khac do tinh chat khuéch tan nhanh chéng cla
hydrogen trong khong khi, ciing nhu trong cac vat liéu la khac nhau nén
cac mau cé khi hydrogen can dugc xtr ly theo cach riéng. Hydrogen dé phan
ung, khi két hgp vai oxygen tao ra nuéc khong dé lai ddu vét ton tai dudi
dang khi tu do; dé bi vi sinh vat tiéu thu/phan hay [2].

Khi hydrogen ro ri tir cac hé théng thay nhiét tu nhién & cac rang nai
trong long dai duong dugc phat hién ti nhiing nam 70 cua thé ky trudc.
Hydrogen cling dugc quan sat thay trén cac luc dia & cac dai ophiolite nhu
& Oman, New Caledonia, Thé Nhi Ky, Philippines (Hinh 1). Cac nghién ctu
cUa Viacheslav Zgonnik [2] va AFHYPAC [3] chiing minh hydrogen xuat hién

W o )

(d)

Hinh 1. a) Ngon Iia vinh ctu Chimera & Thé Nhi Ky [21, b) Khu vuc phat hién khi 6 hydrogen mau xanh & Oman [3],
¢) Khu vuc phat hién hydro & hd Podovoye - viing Voronezh, Lién bang Nga [3], d) Ddo Kangaroo, Nam Australia noi
phdt hién ham lugng hydrogen cao (84%) trong khi khoan [4].

trong nhiéu d6i tugng & khap nai trén
thé gidi nhu:

- Trong cac rang nui gitta dai
ducng & dang chat l6ng nhiét dich giau
H, nhu & ranh Béng Thai Binh Duong
(East Pacific Ridge) va ranh gilra bai Tay
Duong (Mid-Atlantic Ridge) cling nhu
trong cac hé théng thay nhiét trén luc
dia nhu & Iceland;

- Trong cac giéng khoan siu va
siéu sdu nghién clu cdu tric & do6 sau
vai km tai Kola, Ural (Lién bang Nga),
Kryvyi Rih (Ukraine);

- Trong khi clia cac nui Ita nhu:
Etna (& Sicily, Italy), Augustine va
Trident (& Alaska, My), Kliuchevskoi (&
Kamchatka, Lién bang Nga)...;

- Trong cac khu vuc nudc ¢6 tinh
kiém cao (hyperalcaline) lién quan cac
déi  ophiolite-peridotite khac nhau
nhu: Oman va Zambales (Philippines),
phia Nam Th8 Nhi Ky...; trong cac éng
kimberlite & Lién bang Nga;

- Trong déi dut gay hoat doéng
I6n nhu: San Andreas (California, My),
Antera (Nhat Ban);

- @ nhiéu moé quang khac nhau
nhu cdc md quang sat, vang, uranium,
thay ngan, nickel, d6ng va da kim nhu
niobi-tantali va wolfram-molybdenum
khac nhau, dac biét la 8 Nam Phiva Lién
bang Nga;

- Omotsé mé dau khi, dac biétla &
My, Lién bang Nga, Belarus, Uzbekistan;

- O mét s6 bé chia than & Lién
bang Nga, Ukraine...; trong cac thanh
tao mudi & Duc, Lién bang Nga; cac da
tram tich & Lién bang Nga, Latvia, New
Zealand...; trong cédc dd magma & Lién
bang Nga; trong cac da bién chat & My,
Phan Lan, Lién bang Nga...;

- O dang thé vui (bao thé) trong
cac da trdm tich, magma, bién chat,
mau qudng, mau than, cac thanh tao
chia mudi nhiéu nai trén thé gidi;
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Hinh 2. Dja hda bé mdt trén mdt cdu tric hinh tron ¢ Bourakebougou (Mali) [5].

Hinh 3. Ddu hiéu phdt thdi H, (mau d6) va CH, 6 ngudn gdc tir phdt thdi H, (mau xanh) [6].

- 0 mot s6 khu vuc c6 cadc mach nudc tu phun
(geyseys), sudi nudc néng (hot springs), ndi lda bun (mud
volcanoes) nhu & Iceland, Lién bang Nga, My, Nhat Ban...

- Trong cdc mau nudc ngdm, mau nudc & cac mod
dau khi & Lién bang Nga, Belarus. ..

Hang trdm cdu tric dia chat thai ra khi H, da dugc tim
thay & Lién bang Nga, Bac Carolina (My), Sao Francisco
(Brazil), Azerbaijan, Latvia.... Nhiing cdu trdc nay thudng
c6 dia hinh 16m néng, hinh tron, ban tron, bé mat co
dudng kinh tir hang tram m dén vai km. Trung tam la dam
lay hodc tham chi hé nudc. Vung ngoai vi clia cac cau trac
nay quan sat thdy su bac mau ctia dat két hgp vai tham
thuc vat phat trién bat thudng. Cac phat hién cha yéu c6
cac diéu kién giéng nhau: Di kém vai cac khu vuc 16m hinh
tron dén ban tron; ndm trong cac khu vuc c6 da méng
magma, bién chat tién Cambrian giau st, ngi c6 thé xay
ra qua trinh oxy héa Fe?* va khirH,0 [2].

Thong tin vé cac phat hién hydrogen tu nhién dugc
thé hién & Bang 1. Téng hop theo s6 liéu théng ké cla
Viacheslav Zgonnik [2], ham lugng hydrogen trung binh
cao hon ca (tU 45 - 66%) & nhém cac phat hién hydrogen
ty nhién bao gébm: hydrogen dang thé vui trong céc
da nguén géc magma (66,1%), hydrogen di cung cac
déi tach gian (rift zones) (62,8%), hydrogen dang thé
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vUi (inclusions) phat hién trong cac mau da siéu bazo
(ultrabasic rocks) (55,1%), hydrogen dang thé vui trong
cac mau quang (54%), hydrogen di cung cac da magma
(53,6%), hydrogen dang thé vui (inclusions) phat hién
trong cadc mau da c8 tién Cambrian (53,1%), hydrogen
trong cac 6ng kimberlite (51,9%), hydrogen di cling cac
da tién Cambrian (50,3%), hydrogen di clung cac thé
ophiolite (48,4%), hydrogen di cing cac da tram tich
(48,3%), hydrogen dang thé vui/bao thé (inclusions) trong
cac da tram tich hay da bién chat (45%). Hydrogen tu
nhién di cing cdc mo6 dau khi thuéc nhém c6 ham lugng
thap nhat, trung binh chi khoang 25,5%. Ban dé vi tri cac
dau hiéu phat thai hydrogen va methane c6 ngudn géc tu
phat thai hydrogen da dugc dé cap trong nghién ctiu clia
Isabelle Moretti, M.E. Webber [6] (Hinh 3).

Su hién dién cGa hydrogen trong tu nhién cho dén
nay van dugc coi la “bi &n dia chat”. Viéc tham do va phat
hién cac tang chda hydrogen tuong doi tinh khiét, khai
thac thir va sit dung hydrogen dé phat dién tir nam 2020
& Bourakebougou (Mali) cho thdy kha nang khai thac
hydrogen tu nhién. K&t qua quan trac trén mét cau trac
hinh tron cho thay su ro ri hydrogen déu theo hudng 1én
trén. Hydrogen sinh ra dugc cho la c6 ngudn géc ti tang
mong, vi lugng tuong déi Ion helium va argon (gay phéng
xa) di cung vdi hydrogen.

3. Phan loai va nguén géc cac phat hién hydrogen tu
nhién

Khéng ké cac phat hién hydrogen trong cac mau tu
cac rang nui va céc vij tri khac gilra dai duong, cac phat
hién hydrogen dugc bado cdo chia thanh 3 loai chinh:
hydrogen & dang khi ty do, hydrogen & dang vat chat
trong da (thé vui/bao thé - inclusions) va hydrogen la khi
hoa tan trong nudc [2]. Tuy nhién trong nhiéu trudng hop,
rat khé dé phan loai rach roi.

Hydrogen tu nhién dang khi tu do: dugc phat hién
s6m nhat déu lién quan dén ophiolite & Chimaera, gan
Antalya - ThS Nhi Ky tir han 2500 nam qua va “Los Fuegos
Eternos” (ngon lUa vinh ctiu) - Philippines tu khoang 25
nam trudc day. Hydrogen & dang khi tu do con dugc phat
hién trong hoac lién quan dén nhiéu déi tugng khac nhu:
céc loai da c6 co tudi tién Cambrian; giéng khoan siéu
sau (dén 5 km hodc sau hon) nghién ctu cau tric nhu
Kola, Ural (Lién bang Nga)...; trong khi nti IUa; trong cac
mach nudc phun (geysers), sudi nudc ndng (hot springs)
va hé théng thay nhiét lién quan dén hoat dong clia nui
[da nhu ndi [da bun (mud volcanoes); cac 6ng kimberlite;
mo quang sat, vang, uranium, thay ngan, nickel, dong va
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da kim nhu niobi-tantali va wolfram-molybdenum khac
nhau; mé diu va khi d6t; bé than; cac bé tram tich; trong
cac tich tu muéi.

Hydrogen & dang dong chdy khuéch tdn (diffusive
flow): Nhiéu nghién ctu da chi ra rang hydrogen khuéch
tan qua vo trai dat dé dén bé mat [2, 7, 8]. Cac phép do khi
dat trén bé mat cho thdy mét vung c6 néng dé hydrogen
cao bat thudng (Ién ti 6.000 ppm hay 0,6%) rong hon 7.000
km? kéo dai t&i 85 km vé phia tay clia mét s6 giéng khoan
tham do giau hydrogen & Kansas, My. Khu vuic ¢ néng do
hydrogen cao bat thudng trong khi dat duéng nhu co lién
quan véi cac di thudng trong luc va tu tinh xac dinh Hé
thong tach gian gilta luc dia Bdc My (North American Mid -
Continent Rift System) [2, 9]. Cac nghién ctiu gan day da xac
dinh dugc hang nghin dia diém c6 dong hydrogen thoat ra
G mién Bong Lién bang Nga [10], doc theo dong bang ven
bién Pai Tay Duong ctia My [11], Brazil [12], Mali [2], Oman
[13], & day nui Alps phia Tay ctia Phap va Italy [14].

Hydrogen lién quan dén cdc dut gdy va cdc khi tro:
Céc dut gay chinh 1a kénh dan ty nhién cda cac luu thé.
Nghién ctru thuc hién tai hé théng dat gay San Andreas
(California) va Duchesne (Utah) & My cho thdy nong do
hydrogen va helium trong dat c6 mai lién hé véi cac déi
dut gay sau [15]. Ldy mau dia héa nghién ctu hydrogen
& My da dugc st dung dé lap ban dé dut gay lién quan
dén céc md khoang san trong hé thong dit gay Trans -
Challis & Idaho va Carlin Trend & Nevada. Dt liéu hydrogen
tur hang tram phép do khi dat & Bac trung tam Kansas, My
cho thay céc khe nut nhu cac dudng dan cho hydrogen di
chuyén thdng dung [16]. Nghién ctu dia vat ly & khu vuc
Moscow (Lién bang Nga) cho thay tuong quan gitta néng
do hydrogen quan sat dugc va dut gay sau [17].

Hydrogen & dang cdc chdt viii (bao thé - inclusions):
Hydrogen da dugc phat hién la khi ch yéu (bi kep bén
trong da & dang thé vui/bao thé hoac & dang hap phu)
trong nhiéu loai da khac nhau nhu: cac mau da c6 tién
Cambrian; cadc mau da c6 ngudn géc magma; cac mau da
phun trao; cdc mau quéang; cac mau ldy & cac mé than; da
tram tich, cac da bién chat; mau lay & cac thanh tao muéi.
Méi loai d4 gidi phong khi vai thanh phan déc trung.

Hydrogen héa tan trong nuéc ngdm: Mot s6 luong
dang k€& céc trudng hgp hydrogen tu nhién duéi dang
khi hoa tan trong nudc ngam da dugc quan sat thay. Cac
nghién ctru & Lién bang Nga va Lién X6 ¢ [18] cho thay
noéng d6 hydrogen cao hon da dugc quan sat thay trong
nudc ngam & nhiéu khu vyc/déi tugng nhu: khu vuc lién
quan dén hoat dong kién tao tré; miéng nui la; lién quan
dén cac dut gay sau va cac khu vuc tach gian. Néng do

hydrogen cao tim thay trong nudc ngdm dugc l1dy mau tur
da nat né & 24 giéng khoan tham do & Nam Phi [19].

Cac nha nghién ctu khoa hoc da dua ra nhiéu gia
thuyét vé qua trinh thanh tao va nguén géc ctia hydrogen
trong vo tréi dat [2], bao gom:

- Thodat khi hydrogen nam sau trong nhan va Ip
(quyén) manti clia trai dat (hydrogen trong cdc mau tang
lén theo d6 sau & cac giéng khoan sau va siéu sau nghién
clu cdu tric. Cac mau khi tir du an khoan siéu sau Kola
& Lién bang Nga, giéng khoan sau nhat thé gidi, rat giau
hydrogen);

- Phdn Ung cla nudc véi da siéu bazo hoac
serpentinite héa (nhiéu vi tri da dugc ghi nhan ro ri khi
giau hydrogen lién quan dén céc diém 16 ophiolite. Phan
I6n cac nguén hydrogen dia chat hién dugc coi la phan
Ung clia nudc véi cac khoang chat dugc suy doan la
ngudn duy nhat tao ra hydrogen tu nhién théng qua qua
trinh serpentinite héa hodc cac phan ung khac);

- Su tudng tac clia nudc véi bé mat da tuoi bi 16 ra
(hydrogen c6 thé hinh thanh trong da ti phan (ng cla
nudc véi bé mat da tuci doc theo cac ddi dut gay dang
hoat d6ng hoac phan (ing gilta cac goc tu do trén bé mat
da tuoi véi nuéc);

- Suphan hay cac hydroxyl trong cau tric mang tinh
thé ctia khoang chat (nudc tiép xdc va phan dng véi cac
khoang chat chua Fe (11));

- Phong xa ty nhién cia nudc (lién quan dén su phan
ra phéng xa clia cac nguyén t6 c6 lién quan dén su thay
dé&i héa tri cha nguyén ta);

- Phan huy chat hitu co (phan hay ky khi chat hiu
co, |én men);

- Hoat ddng sinh hoc (phan hay bai vi khuan ¢6 dinh
nitrogen - nitrogen fixing bacteria, hoat déng clia cac
céng dong vi sinh vat c6 kha nang sinh hydrogen nam &
dé sau lon trong dai duong va trong cac vét dut gay trong
vo trai dat...);

- Céc hoat déng do con ngudi tao ra (khi thai 6 t6
st dung nhién liéu hoéa thach, hydrogen dugc phat hién
trong cac giéng khoan do phan Ung cla nudc vai éng
chéng, thiét bi khai thac bang sat thép...);

- Hydrogen trong khi quyén (do con ngudi, sinh hoc
va phan héa nudc do dnh sadng (water photolysis), cling
nhu qua trinh oxy h6a methane va cac hydrocarbon khéc);

- Hydrogen hinh thanh & cac ndi Ira va cac hé théng
thay nhiét (chat thai ra ti nui Ira ké ca hydrogen ti cac hé
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théng thay nhiét & cac rang nui gitia dai duong c6 nguon
gdc ni lta).

M6t s6 nghién clu da dé xuat nguén géc hon hop
cla hydrogen la su két hgp clia cac yéu t6 khac nhau. S&
di c6 nhiéu cac giai thich vé nguén géc ctia hydrogen la
do su phd bién ctia hydrogen, su hiéu biét chua day du vé
“ban chat va hanh vi” ciia hydrogen. Hydrogen la nguyén
té chinh trong phan tl nudc, trong nhiéu loai khoang
chét, trong ca thé séng, chat hitu co va hydrocarbon.

Udc tinh lugng hydrogen tu nhién phat thai ti cac
nguodn khac nhau khoang 1.145 ty m3/nam, trong dé qua
trinh oxy hda clia methane va céc hydrocarbon khac la
cac nguon phat thai I6n nhat. Lugng hydrogen tu nhién
khoang 1.138 ty m3/nam ciing bi hap thu bai nhiéu yéu
t6, trong dé long dat 1a nguén hap thu hydrogen tu nhién
I16n nhat (Hinh 4).

4.Phathiéntichtuhydrogentunhién&Bourakebougou

Hydrogen tu nhién dugc Hydroma Inc. phat hién &
vung Bourakébougou (cdch Bamako - tha d6 ctia Mali
khoang 50 km vé phia Tay Bic) vao nam 1987. Hydroma

Inc. (trudc day la Petroma Inc.) - chuyén nghién cuu,
phat trién va khai thac hydrogen tu nhién, dau va khi.
Hydroma Inc. nam gilr 100% quyén Igi trong L6 25 & Mali
c6 dién tich 43.174 km? va c6 gidy phép hoat déng tham
do hydrogen trong dién tich 1.264 km?. Day la phat hién
hydrogen tu nhién I6n dau tién trén thé gidi, da khai thac
thr hydrogen tir 1 giéng khoan dé san xuat dién cung cap
cho lang Bourakébougou & Mali ma khéng phat thai CO.,.

Vé phat hién tich tu hydrogen tu nhién &
(Mali)
Bourakebougou dau tién (“Bougou-1") dugc khoan nam

Bourakebougou [5], giéng tham do nudc
1987 trong cac thanh tao tram tich Proterozoic, xen kep
vdi cac da dolerite thé ban (sill) tudi Triassic. Su hién dién
cta khi hydrogen dang ké trong tat ca cac giéng tham
do cho thdy su ton tai cGa hé théng hydrogen tu nhién
I6n. Khi thu dugc & d6 sau khoadng 112 m trong giéng
khoan Bougou-1 chtta 98% hydrogen (hydrogen gan nhu
tinh khiét) véi cac ddu vét cla nitrogen va methane (1%
nitrogen va 1% methane). Hinh 5 cho thdy ham lugng
khi c6 ty I& hydrogen cao nhat trong giéng Bougou-1 (&
Mali), trong khi cac diém ro ri hydrogen khac kha 16n trén

Bding 1. Tong hap cdc phdt hién hydrogen tu nhién [2]

i o iy rea Posau(m)  Ham lugng H, (%) Nguén géc
m Loai phit hign Tong so lugng phathien 0 4en  tir- dén/trung binh (55 Iugng phat hién)
16 (Oman - 5, Philippines - 4, 1. Serpentinite héa? (14)
. Cf‘]( phellt hlej] hydrqgen di My -3, Tho Nhi Ky - 2, New 7.5-99/48,4% 2.AHor.1 th khi sinh nhiét hitu co va khi
cung cac thé ophiolite Caledonia- 1, gay di ting? (1)
Bosnia Herzegovina - 1) 3. Oxy hda Fe?* béi nudc? (1)
(ac phat hién hydrogen di 4.Bi cling hé thdng tach gian giita luc
2 clng cac d6i tach gian (rift 4 (My - 2, Iceland - 2) 33,7-96,3/62,8%  dia? (2)
Zones) 18.Chuard (2)
1. Serpentinite hda? (3)
A . ; . 5.Hon hap? (3)
3 Ccphathiénhydrogendi — 10(Mj-4 Phanlan-2, — g0 3000 39.918/5030 6. Tacdong gita mudcva cic hap chit sit
cling cac da tién Cambrian Lién bang Nga - 2, Australia - 2) .
hay dé magma? (1)
18.Chuard (3)
Cac phat hién hydrogen dicling _ ., i ) ) o, 5.Honhop, chiyéulavé ca? (1)
4 cicdd magma 5 (Lién bang Nga - 5) 40,6-3.770m 20,6 -80,5/53,6% 18. Chua 6 (4)
(C4c phét hién hydrogen di 17 (Iceland - 5, Lién bang Nga - ;li;lau)ng & thong téch gian gita luc
5 lc::g cdc khi do phun trao ndi 2;,:‘y0 _31,)Nhat Ban-3, Italy-1, 6-93/38,3% 7. HyS téc dung véi nu6c? (1)
9 18. Chuta 16 (15)
(ac phat hién hydrogen di
cuing cac khi tir mach nudc 10 (Iceland - 4, Mj - 1,
phun (geysers), sudi nudc Nhét Ban - 1, Trung Qudc - 1, i N .
6 néng (hot springs), nti Itra Phdp - 1, Azerbaijan - 1, 2,4-51,4124,9% 18. Chita 3 {6)
bun (mud volcanoes) va cdcro  El Salvado - 1)
ri doc ap (standalone seeps)
7 Cdcphathién hydrogentrong oo Nga-2) 365-370m  48,8-589/51,9%  18.Chuard (2)

cac ong kimberlite

8 DAV KHi - SO 12/2021
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1L

10

n

12

13

14

15

16

17

18

19

20

21

22

23

Loai phat hién

(c phat hién hydrogen di cung cac
than qudng

(ac phat hién hydrogen di cung cac
md dau khi

(c phat hién hydrogen di cung cac
bé chifa than

(Cdc phat hién hydrogen di cung cac
da tram tich

(c phat hién hydrogen di cung cac
thanh tao mugi

(Cdc phat hién hydrogen di cung dit
gay

Hydrogen dang thé vii (inclusions)
phét hién trong cac mau dé siéu bazo
Hydrogen dang thé vii (inclusions)
phét hién trong cic méau da c6 tién
Cambrian

Hydrogen dang thé vii (inclusions)
phat hién trong cdc mau da c nguon
goc magma

Hydrogen dang thé vii (inclusions)
phat hién trong cac mau d phun
trao

Hydrogen dang thé vii (inclusions)
phét hién trong cdc mau quang

Hydrogen phat hién trong mau ldy &
cdcmo than

Hydrogen dang thé viii/bao thé
(inclusions) trong cac da tram tich
hay da bién chat

Hydrogen dang thé viii/bao thé
(inclusions) trong cdc mau ldy & céc
thanh tao chita mudi

Hydrogen phat hién trong cdc mau
nugc

Hydrogen phat hién trong mau nudc
thu duoc 6 cdc mo dau khi

Bang 1. Téng hap cdc phdt hién hydrogen tu nhién [2] (tiép)

o A Posau(m) HamluongH, (%)
Tong so lugng phathien  “o 4ah  tir- dén/trung binh

27 (Lién bang Nga - 19,
Nam Phi - 4, Ukraine - 2, 53-2192m  7,1-98,5/42,8%
Uzbekistan - 1, Kazakhstan - 1)
16 (Lién bang Nga - 7, My - 5,
Uzbekistan - 1, Azerbaijan - 1, 27-2.589m 6-95,2/25,5%
Estonia - 1, Belorussia - 1)
8 (Lién bang Nga - 5, i 0
Ukraine - 2, Kazakhstan - 1) 10-95,4/38,9%
26 (Lién bang Nga - 15,
Latvia - 2, M - 2, Kyzgystan - 2,
Uzbekistan - 1, Kazakhstan-1,  109-5.500 m 4,2-98/48,3%
BaLan- 1, New Zealand - 1,
Mali- 1)
12 (Bdc- 7, Lién bang Nga - 3, i N
Phap-1,PanMach - 1) 8,4-93/334%
3(Mj -2, NhdtBan-1) 9,4-70/30,9%
3 (Lién bang Nga - 3) 15-100/55,1%
10 (Lién bang Nga - 6, i 0
Greenland - 4) 8-97.8/33,1%
23 (Lién bang Nga - 20,
Gruzia- 1, Canada-1, 5,1-100/66,1%
Kazakhstan - 1)
7 (Liénbang Nga - 7) 19-90,4/36,1%
20 (Nga-11, Canada-2,
Uzbekistan-2, Kazakhstan-2, 3-100/54%
Ukraine-1, Cyprus-1, Gabon-1)
11 (Nga-9, Ukraine-1, 0
Kazakhstan-1) 114-1/29,8%
3 (Nga-2, Ukraine-1) 5,2-66,6/45%
6 (Nga-2, Kazakhstan-2, 0
Ukraine-1, Belarus-1) 11-346/23,2%
54 (Nga-41, Australia-3,
Ukraine-3, Canada-2, USA-2

, ’ ) ) ) 0
Nam Phi-1, Kazakhstan-1, 407-3.350m 18-76/20,6%
Ba Lan-1)
14 (Nga-, Belarus-4, 534-3500m  5,1-98/27,9%

Kazakhstan-1)

Nguén géc
(s6 lwgng phat hién)
8. Phén ting ctia dong H, trong sét két (1)
9. Magma? (2)
10. TU duéi sau? (1)
18. Chuard (23)

5. Hon hgp, chd yéu lavo co? (1)
18. Chuard (15)

18. Chuard (6)

5. Hon hgp, chi yéu la vo ca? (1)
10. TU dudi sau? (3)

11. Sinh hoc? (1)

18. Chuard (21)

5. Hon hgp, chi yéu la vo ca? (1)

12. Vat chat hitu co? (1)

18. Chua rd (10)

13. Do cac phan ting clia nudc véi dat da
(cac khe ntit con tuoi mdi - fresh
fractures? (2)

14. Do cac phan tach cta Fe(OH),? (1)

18.Chuard (3)

18. Chuard (10)

10. TUr dudi sau? (1)

15.Tir céc thé plutonic (xam nhap sau)? (3)

18. Chuard (19)

18.Chuard (7)

16. Phdng xa (radiolysis)? (3)
18. Chuard (17)

18.Chuard (11)

17. Ngi sinh (endogenic)? (2)
18.Chuard (1)

18. Chuard (6)

1. Serpentinite hda? (2)

5. Hon hgp, chd yéu v ca? (1)
10. Dudi sau? (6)

16. Phdng xa (radiolysis)? (2)
18. Chua rd (43)

18. Chuard (14)

DAU KHi - SO 12/2021 9
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Cacnguodnphat thai H, tu nhién (ty m¥nam)
0 25 50 75100 125 150 175 200 225 250 275
Hé thdng tach gian gidia dai duong 1 4,3
V6 dai duong, do cdc nguon oxy hda khdcnhau = 10
Serpentinite hda v dai duong  mem 22,4
Cackhai ophiolite (Ophiolite massifs) 1 3
LGp bazan cla vo dai duong  s——— 139
Mdng tién Cambrian 1 2,4
NUi Ifa va cac hé thong thiy nhiét — eee—— 108
NUi Ita bén chim (subaerial volcanoes) » 4,9
NUi Ita rang nii gitta dai duong 0,4
Bién chdt chathan 0,02
Hydrogen dudisau ~ NA
Oxy hda CH, bdi OH (CH, oxidation by OH) ~ ee—— )57
Oxy héa cia cdc hydrocarbon khong phai methane 202
Ngung két N, sinh hoc (Biological N, fixation) — mmssm 34
ot chdy cta sinh khdi (Burning of biomass) 168
(dcdaiduong  ee— 67
Phét théi do con nguli  e— 123

Cécnguonhap thy H, ty nhién (ty m¥nam)
-1.000  -800 -600 -400 -200 0
-150 mmmmm Oxy héa bdi OH (oxidation by OH)
98 I Hap thy béi ddt
NA  Hap thu béi cac dai duong
NA  Tiéu thu bdi cdc cng dong vi sinh vat dudi sau

-1,8 | Thodt Ién khdng trung

Hinh 4. (dc ngudn phdt théi (trén) va hdp thu (dudi) H, tu nhién [2].

100 — : 0
0 10 20 30 4 50 6 70 8 90 100
CH, N

Hinh 5. Biéu dd tam gidc vdi ty Ié tuong ddi cia hydrogen, methane va nitrogen, cho cdic mdu khi chiia hydrogen
tu nhién trén thé gidi: Oman, Philippines, New Caledonia, Thd Nhi Ky (rd ri khi); Kansas - My (thil via giéng khai

thdckhi) [5].

bé mat trai dat (Oman, ThS Nhi Ky, New Caledonia, Philippines) luén c6
ty 1& methane va nitrogen cao hon. Dit liéu dia hoa khéng cho thay da

me c6 tiém nang dau khi trong khu vuc nay.

10  DAUKHI - SO 12/2021

Chién dich thdm do nam 2017 - 2018 &
Bourakébougou hoan thanh 24 giéng ndm
trong ban kinh 8 km véi d6 sau cla cac
giéng ti 105 - 1807,4 m. Téng chiéu dai lay
mau |6i dat 5,4 km. Nhiing giéng nay (Hinh
6) co thé udc tinh dién tich trr lugng khi
hydrogen xac minh réng t6i 780 km?>.

Céc tram tich Neo-Proterozoic dac
trung baoi da cat két, da sét voi (marl), bot
két, cudi két va da voi. Nghién ciu tuéng
da cho thay da carbonate dugc tao thanh
tu calcite, dolomite va siderite. Chi c6 1
giéng khoan dén tang mong (Bougou-6)
gdp dd méng la d4 xam nhap sau (plutonic)
bao gém: da granite, granodiorite, diorite,
syenite va aplite. Thanh phan khoang
vat gobm cac khoang vat co chua sat nhu
magnetite, hematite, pyrite, chalcopyrite.

Cac giéng khoan tham do & Mali xac
nhan dong hydrogen trong khu vuc nay.
Khi lién tuc dugc phat hién trong khi khoan
cac giéng tham do véi H, chiém uu thé, ty
I& methane thay d6i trong tat c& cac giéng
khoan tham do. Ty 1é H,/CH, nam trong
khoang tur 10 - 500 (giéng Bougou-1, ty |&
la 98). Dau vét ctia H,S va CO (ca 2 nong do
trén 1.000 ppm) da dugc xac dinh trong
mot s6 giéng tham do. Nguon géc khi H,S
dugc cho 1a lién quan dén tuong tac gidia
luu huynh va cac hop chat khac (H,, H,0) c6
thé dugc tao ra thédng qua hoat ddng sinh
hoc & khu vyc néng.

Trén mat cdt qua cac giéng khoan
tham do da xac dinh dugc it nhat 5 tang
chida giau hydrogen xép chéng 1én nhau
trong khu vuc (néng nhat la gan 100 m)
dugc phan cach bang cac da dolerite thé
ban (sills) (Hinh 7). Ba chdia chinh & khu vuc
nay la da carbonate mac du hydrogen ciing
c6 mat trong cat két va cac loai da khac.
Tich tu hydrogen dugc quan sat thdy trong
tat ca cac giéng mai khoan cho thay phan
ma& rdng cla khu vuc la kha I6n (khodng 8
km). C6 thé thdy rang hé théng hydrogen
dang hoat dong & khu vuc nay tao ra lugng
khi dang ké. Nudc dugc ghi nhan chay ra tu
mot s6 giéng tham do véi 2 giéng cd nudc
artezi (nudc ngam c6 ap suat) trao lén bé
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T 1 B ’
Hinh 6. Vijtri va s hiéu giéng khoan thdm do khu vuc Bourakebougou (Mali) [5].

BOU-13 BOU-5 BOU-6 BOU-4 BOU-14 BOU-19

£ Basement

Hinh 7. Mdt cdt qua cdc giéng khoan thdm do & md khi H, Bourakebougou [5].

mat véi cac bot khi. NuGc dang 1én c6 thé do su tich tu ap sudt vai
khi hoa tan lién két & bé mat. Cac tang chan la nhiing tap dolerite
thé ban va dam két (breccias), mac du dam két c6 d6 réng cao
(Hinh 8). D6 hoa tan cta hydrogen trong nudc rat thap cho thay
ban than nudc l1a méi trudng khéng tham (chan hydrogen).

Tich tu hydrogen ty nhién da chiing minh hoat déng cda“Hé
théng hydrogen” ré rang & Mali, mé& ra con dudng khai thac cong
nghiép. Chi phi khai thac 1 kg hydrogen ty nhién udc tinh thap
hon tir 2 - 10 lan so véi chi phi hydrogen dugc san xuat céng
nghiép, khién nguén nang lugng mai nay kha hap dan déi véi
tuong lai tiéu thu nang lugng [51.

Hé thong hydrogen tu nhién phat hién ¢ Mali dugc phac thao
va 6 thé tom tat:

- Viéc sinh ra hydrogen dugc cho la xdy ra sau hon d6 sau
clia cac tang chuia hién tai va chi yéu cé thé dugc sinh ra tur tang
mong, diéu nay dugc chiing minh vai sy xuat hién cta lugng I6n
helium va argon gay phong xa, lién quan dén nitrogen dudi sau.

- Tich tu hydrogen & Mali ¢ thé dugc gidi thich la do su hién
dién cta nhiéu tang chan la da dolerite thé ban (sills). Tuy nhién,
muc nudc dudng nhu cling déng vai tro nhu rao chan, H, khong
hoa tan trong nudc & cac tang ndm ndng.

- Mot s6 giéng tham do gan day co co
ché& dong nudc “artezi’, dugc lam giau bang khi
hydrogen. Dong luc "mach nudc phun” nay c6 thé
1 do qua trinh "thdi khi" (gas lift) va/hodc ap suéat
qua cao trong chat long dudi long dat. Diéu nay
lam cho nguén sinh hydrogen tu nhién trg thanh
ngudn nang lugng bén viing (khéng gidng nhu su
tich [0y hydrocarbon hang triéu nam).

5. Kha néang tim kiém hydrogen tu nhién trong
long dat & Viét Nam

Viéc thiéu s6 liéu hydrogen cé thé 1a do cac
ky thuat va quy trinh phan tich khong phu hop,
chua phat trién cac thiét bi do, |dy mau, bdo quan,
phan tich mau khi (riéng cho hydrogen). Cac
giéng khoan tham do dau khi va cac khoang san
khac chu yéu dugc khoan trong cac bé tram tich,
tuy nhién day khong phai la khu vuc “thuan lgi”
cho viéc sinh, thoat khi hydrogen. Van dé gay kho
khan trong viéc phat hién hydrogen la tinh chat
khuéch tan va hda hoc cta hydrogen. La loai khi
nhe nhat trong s6 cac loai khi, hydrogen khuéch
tan nhanh trong khéng khi, cing nhu trong cac
vat liéu khac nhau. Do d6, hydrogen nhanh chéng
r&i khdi noi phat sinh va khéng thé bi gitt lai trong
cac bay dia chat trong thai gian dai. Hydrogen rat
dé phan ung, khi két hgp véi oxygen tao ra nudc,
khong dé lai ddu vét nao vé viéc né da & dé ngay
tur dau duéi dang khi tu do. Vi ly do nay, cac mau
6 khi hydrogen can dugc xu ly theo cach cu thé.
Hon n(ra, hydrogen con bi vi sinh vat tiéu thu
nhanh chéng. Khéng c6 quy luat ré rang nao vé su
phan b6 hydrogen ngay ca trong 1 giéng khoan.

Hoat dong tim kiém, tham do, khai thac dau
khi & Viét Nam trai rong trén toan bd vung bién va
thém luc dia Viét Nam ké ca cac 16 & vung nudc sau
(trén 500 m nudc), xa bd. Dau khi dang dugc khai
thac & 39 mo, cum mé thudc 4 bé tram tich: Clu
Long, Nam Cén Son, Malay -Thé Chu va Séng Hong.
Hién chua thdy mé nao c6 s6 liéu khi hydrogen.
Giéng nhu tinh trang chung ctia thé gidi, cong tac
tham do dau khi ciing nhu cac khoang san khac
& Viét Nam tU trudc dén nay chua co trang thiét
bi tim kiém hydrogen, chua cha dinh tim kiém
hydrogen (c6 thé goi la bé qua hydrogen).

D6i chiéu véi dau hiéu, dic diém cac phat
hién hydrogen tu nhién trén thé gidi, Viét Nam co
cac khu vuc/déi tuong c6 thé c6 cac diéu kién dé
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Bougou-13 Well Bougou-19 Well

@ pprm 6 %

100 1000 10000 100000 20 40 B0 ] 100

Well Bougou 6

Do sau (m)

[ Dolerites
B Carbonate (%)

Shales Metapelite

H, (ppm) Dolerte

| |
f Dolerte

Hinh 8. Trdi - Tai liéu do khi () va khodng vdt (b) & giéng khoan sdu nhdt Bougou-6 Phdi - Do khi & cdc giéng Bougou-13 va 19: hydrogen (ddm) va methane (nhat) [5].

danh gia, tim kiém hydrogen. G ngoai khoi d6 la cac khu
vuc doc theo déi tach gian Bién Péng hodc cac bé tram
tich c6 cac hoat ddng magma xam nhap, nui la tré nhu
céac bé tram tich Pha Khanh, bé Cliu Long. Trén dat lién co
nhiéu khu vuc dia hinh “16m” (kha giéng nhu & cac phat
hién hydrogen tu nhién trén thé gisi) xung quang thanh
pho Pleiku - Nui Itfa Chu Béng Ya (Gia Lai), Plei Roih (Gia
Lai), ddo Ly Son (Quang Ngai) (Hinh 9-11).

Ngoai ra, & Viét Nam cling c6 nhiéu khu vuc/déi tugng
c6 thé cb tién dé nghién ctu dé tim kiém hydrogen tucng
tu cac phat hién hydrogen trén thé gi¢i nhu: i) cac dai
(belts) ophiolite ¢6 (Cao Bang - Thai Nguyén, Vi Xuyén -
Bac Ha - Mudng Khuong, Séng Da, S6ng Ma, Dakrong -
Da Néng, Tam Ky - Phudc Son, Dong Nam Bo [20]); ii) cac
khu vuc c6 cac thanh tao bién chat c6 (Dia khéi Kon Tum,
Fansipan); iii) cac mé khoang san (mo sat Thach Khé - Ha
Tinh, mé sat Quy Xa - Lao Cai, md chromite C6 Pinh -Thanh
Hdéa, md vang Béng Miéu - Quang Nam...); iv) cac bé than
(Quang Ninh, Thai Nguyén, Na Duong - Lang Son, Bong
bang séng Héng...); v) cac khu vuc c6 subi khodng nong
(Kim Bo6i - Hoa Binh, Quang Hanh - Quang Ninh, Kénh Ga -
Ninh Binh, Binh Chau - Ba Ria - Viing Tau...).

6. Két luan va dé xuat

Hydrogen c6 vai trd quan trong trong chuyén dich
nang lugng va tim kiém, tham do hydrogen tu nhién trong
Iong dat Ia linh vuc mdi trén thé gidi. Kién thiic vé“hé théng

12 DAUKHI - SO 12/2021

Hinh 10. Cdc khu vuc dia hinh “Iom” 6 Plei Roih (Gia Lai).

hydrogen” dang & giai doan so khai, can dugc nghién ctu
dé tim hiéu vé co ché clia cac qua trinh sinh, luu tr(;, dich
chuyén, hiéu qua bdy, kha nang tich tu tu nhién ca H,
trong cac da chua réng tham va kha ning chin dé ngan
chan hiéu qua hydrogen thoét ra khoi da chua.

G Viét Nam 6 cac khu vuc, déi tuong dia chat ca
ngoai khoi, trén dat lién c6 dau hiéu, dic diém tuong tu
nhu céc khu vuc, d6i tugng da co phat hién hydrogen tu
nhién trong long dat trén thé gidi. Day la tién dé thuan
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Hinh 12. Bdi cdt trugt (shear zone) Tam Ky - Phuic Son [21].

Igi d€ co thé trién khai tim kiém hydrogen tu nhién trong
Ibng dat & Viét Nam trong thoi gian tdi.

Nhom tac gia dé xuat can tién hanh nghién cuu, danh
gid, lua chon cac khu vuc cé dic diém dia chat, dia hinh -
dia mao phu hgp cho qua trinh sinh, tich tu hydrogen. Cac
khu vuc co tién dé, dau hiéu hydrogen tu nhién nhu: i) &
ngoai khai doc theo déi tach gian Bién Pong hodc cac bé
tram tich c6 cac hoat ddng magma xam nhap, nui lta tré
nhu cac bé tram tich Pha Khéanh, Ctiu Long; i) & trén dat
lién la cac khu vuc Nam Trung B9, Ty Nguyén, Tay Bac noi
c6 cac hoat dong kién tao manh mé, hé théng dut gay
phuc tap, cdc khu vuc cé cdc mé khoang san kim loai va da
kim... Dong thdi, can xem xét cac tai liéu dia chat chi tiét,
cac két qua nghién ctu dia chat, khoan, phan tich mau,
danh gia kha nang ton tai dau hiéu hydrogen tu nhién...
tUr d6 c6 cac hudng trién khai tiép theo.
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Summary

Hydrogen, accounting for 75% of ordinary matter by mass and over 90% by atomic number, is the third most abundant element on the
Earth's surface, mainly in the form of chemical compounds such as water and hydrocarbons. When burned, hydrogen gas (HZ) produces heat
and water without causing environmental pollution, thus it is expected to be one of the clean energy sources for the future.

Industrial hydrogen has so far been mainly produced by thermochemical processes of fossil fuels such as coal and natural gas, and
insignificantly by electrolysis of water. Recent natural hydrogen discoveries recorded in the world, especially the exploration and discovery of
relatively pure underground hydrogen which was extracted and used as fuel for a local power generator in Bourakebougou (Mali), show the
possibility of prospecting for underground natural hydrogen. The article provides an overview of natural hydrogen discoveries over the world
and gives recommendations on the prospecting for underground natural hydrogen in Vietnam.

Key words: Natural hydrogen, hydrogen system, energy transition.
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