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Tém tit - Luu trit va van chuyén khi thién nhién dudi dang
hydrate c6 nhiéu wu diém nhu mat do thé tich cao, ap suét, nhiét
d6 1am viéc vira phai, an toan va than thién voi moéi truong. Nhiéu
giai phap cong nghé da dugc phat trién dé cai thién dong hoc hinh
thanh hydrate, gitip cho viéc img dung ching trong thuc tién tré
nén dé& dang hon. 1m3 hydrate c6 thé chira 160-180m? khi thién
nhién & diéu kién tiéu chudn. Khi bd sung THF, hydrat c6 thé én
dinh trong thoi gian dai & nhiét d6 —2°C va ap suat khi quyén. Su
hién dién ctia CO> trong biogas khéng anh hudng dén qué trinh
hinh thanh hydrate. Hydrate biogas la giai phap cong nghé co
nhiéu hta hen trong luu trit, van chuyén va phan phéi biogas.
Chung c6 thé duoc ing dung dé 1am nhién liéu cho xe gan may
va sinh nhiét gia dyng. Nhimg nghién ctru thyc nghiém ve€ san
xut hydrate biogas, binh chira hydrate va cong nghé¢ cung cap
hydrate biogas cho thiét bj sinh nhiét cin dugc tién hanh dé phat
trién cac prototype.

Tur khoa - Hydrate khi thién nhién; Hydrate biogas; Nhién liéu
tai tao; Xe gan may; Phat thai 6 nhiém

1. Giéi thiéu

Biogas la nhién liéu tai tao c6 thé dugc san xudt tir cac
chét thai hitu co rat doi dao & nudc ta. Tuy nhién, do céng
nghé luu trit biogas chua dugc phat trién nén viéc viée sir
dung nguén nhién li€u tai tao nay con rat han ché. Nhiéu
noi san xuét biogas khong c6 noi tiéu thy da phai xa bo ra
khi quyén. Piéu nay 14 ting 6 nhiém méi trudng vi tac dung
gdy hiéu g nha kinh ciia CH, gép 23 14n so v6i khi CO».
Viée luu trir biogas béng cac giai phap vat ly nhu nén va
hoéa 16ng do yéu cau hodc 4p sudt rat cao hodc nhiét do rat
thap nén kho co thé ap dung rong rii trong nhitng diéu kién
san xuat biogas qui mo han ché. Bén canh do, viéc sir dung
biogas trong nhiing dleu kién ap sut va nhiét d6 nhu vay
6 nguy co xay ra mat an toan. Vi vy can c6 cach tiép can
mdi vé luu trir biogas dé tao diéu kién cho viéc st dung
rong rii ngudn nhién liéu tai tao doi dao nay.

Luu trit biogas dudi dang hydrate c6 thé xem 1a mot gidi
phép cong nghé phu hop. Hydrate khi 1a cac hop chat phan
tir bao gdm céc cau tric khong phan cuc dugc hinh thanh do
twong tac vat 1y cta cdc phan tr khi nhu CHs, CO;, va cac
phan tir nude [1] & diéu kién nhiét do thap va ap suét cao. Co
thé hinh dung nhu cac phan tir khi bi nhdt trong mot 1ong
bao quanh boi cac phan tr nude (Hinh 1a). Cac hop chat
phén tr hydrate khi dugc hinh thanh do lyc hat Van der
Waals giita cac phan tir nude va khi [2]. Lién két cong hoa
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tri khong xay ra trong hydrat khi cling nhu khong c6 su phéan
b lai khong gian cia ddm may dién tir dién ra trong qué
trinh hinh thanh hydrat. Cac hydrat khi c6 thé 6n dinh trong
cac didu kién 4p sudt va nhiét do khac nhau. Khi giam ap
suat hay tang nhiét do thi hydrate bi phan giai, phan tir khi
thoat ra khoi 16ng hydrate. Trong trudng hop hydrate
methane, khi thoat ra c6 thé chay nén ngudi ta goi hydrate
methane 1a bang chay (fire ice hay flammable ice) (Hinh 1b).
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Hinh 1. Cdu tao hydrate methane (a) va ngon lira bing chay (b)
Luu trt va van chyyén khi thién nhién ¢ dang hydrate la
mot giai phap thay thé day hira hen [3]. Im® nuée c6 thé ket
hop 207m® khi métan dé tao thanh 1,26m* hydrate ran; trong
khi néu khong c6 khi, 1 m® nudc dong bang tao thanh 1,09m?
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bang. Mot thé tich hydrate methane & ap suat 26bar, nhiét do
0°C chira 164 thé tich khi. Trong hydrate, 80% (theo thé tich)
1a nudce va 20% 1a khi. Nhu vy, 1 m? hydrate ¢6 thé chira
160-180m3 khi thién nhién (¢ diéu kién tiéu chuan) (1], [4].
Khdi luong riéng hydrate phu thudc vao thanh phén, ap suat
va nhiét do cua n6, thay doi tir 0,8 dén 1,2 g/cm?.

Nhitng uu diém cua giai phéap trit khi thién nhién dudi
dang hydrate c6 thé tom tat: (i) Qua trinh hinh thanh
hydrate than thién v4i méi truong vi no6 chi st dung nude
va rét it chat xuc tac (dugc str dung khi can thiét dé cai thién
diéu kién van hanh cua kho luu tri¥); (ii) Khi methane dugc
Iuru trit & dang phan tir, ¢6 thé thu hoi hodc sir dung gan nhu
hoan toan bang cach don gian 1a giam 4p sudt hodc ning
nhiét t6i thiéu; (iii) Diéu kién nhiét do va ap suat vira phai
trong qua trinh hinh thanh va bao quan; (iv) Nang luong
Iuru trir trén mot don vi thé tich twong ddi cao.

Dic trung ciia hydrate khi dugc thé hién trén gian do can
bang pha. Do 1a duong cong biéu dién quan hé giira ap suat
va nhiét d6 hdn hop & trang thai can bang. Hinh 2 gidi thiéu
dudng cong can bang pha ciia hydrate methane trong nudc
ngot va nudc man [5]. Khi Pg>Peq (phia trén dudng cong can
bang) hydrate c6 thé hinh thanh khi ndng d6 methane hoa tan
vao nudc cao hon gi tri bio hoa. O didu kién P-T dudi dwong
cong can bang pha hydrate (Pg<Peq), hydrate phan giai thanh
céc thanh phan ban d4u ctia n6. Ap suét can bing trong truong
hop nudc mén cao hon trrong hop nude ngot.
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Hinh 2. Gian, d6 cdn bang pha cia hydrate methane trong
dieu kién nwoc man va nuoc bién [5]

Hydrate khi thién nhién c6 thé dwoc bao quan & &p suat
khi quyén va nhiét 6 thip hon 258,15K [4]. Vi cac hydrate
methane 6n dinh & nhiét do cao hon khi tu nhién héa long
(LNG) (=20 so v6i —162°C) nén viéc san Xuét hydrate yéu
cau may lam lanh cong suat nho hon va it tidu ton ning
lugng hon so vai cdng nghé hda long khi thién nhién. Nhiét
d6 bao quan hydrate khi thién nhién con c6 thé dugc nang
cao hon nho b sung tetrahydrofuran (THF). Céc két qua
nghién ctru gan day cho thay, khi b6 sung tetrahydrofuran,
céc hydrat c6 thé 6n dinh trong vai thang & nhiét do —2°C
va ap suat khi quyén. Do do, viéc luu trit va van chuyén ¢
dang hydrat thuan lgi hon nhiéu so véi céc cong nghé théng
thuong khac nhu khi thién nhién nén (CNQG), khi thién
nhién hoa long (LNG) [1].

Mac du hydrate khi thién nhién cé nhimg wu diém ndi
troi nhu trén nhung dong hoc hinh thanh hydrate cham Ia
mot thach thie 16n ddi vai viée thuong mai hda cong nghé

nay. Su hinh thanh hydrat bi chi phdi bai truyén nhiét va
truyén chat trong pha khi-long-ran [4]. Céc qua trinh nay c6
the duoc cai thién nho tang cudng Xxéo tron cac chét trong
thap phan tng. Thap phan tng thong thuong co 3 kiéu:

Kiéu khudy, kiéu phun va kiéu sai bot. Thap phan ing kiéu
khuiy duoc &p dung phd bién nhat. Pha khi c6 thé khuéch
tan nhanh chong sang pha long nho khudy tron cac chat trong
thap phan ung [4]. Tuy nhién, do &p suat trong thap phan tng
cao nén truc khudy can phai duoc 1am kin dé tranh ro ri.

Bén canh cac giai phap vat ly néu trén, viéc ap dung vét
liéu nano ciing c6 thé gia téc sy hinh thanh cac hydrate nho
tang cudng truyén nhiét [1]. Cac hat nano kim loai, Cu va
hat nano oxit kim loai (ZnO, CuO, Fe304) da dugc sir dung
dé tang cudng nhiét va truyén chat trong qua trinh hinh thanh
hydrat [1]. Park va cong su [6] da nghién ctru anh huong cua
ong nano carbon den su hinh thanh cta methane hydrate,
nghién ctu cho thiy 6ng nano cacbon lam ting kha nang luu
trir khi 1&n 4,5 lan va giam thoi gian tao mam hydrate so véi
nudc tinh khiét. Arjang va cong su [7] da tong hop cac hat
nano bac dé tao thanh hydrate methane & &p suat 4,7MPa va
5,7Mpa, cho thdy so véi nuéc tinh khiét, thoi gian tao mam
hydrate giam 85% va 73,9% & lan luot ¢ &p suat 4,7MPa va
5,7MPa. Najibi va cong sy [8] da sir dung chat nano CuO dé
thiic ddy sy hinh thanh hydrate methane nhung nhan thay
rang kha nang luu trir khi trong chat long nano CuO khéng
tang dang ké. Abdi-Khanghah va cong su [9] d4 nghién ctu
tac dong cua chit long nano ZnO Ién sy hinh thanh hydrate
methane bang cach thuc hién cac thi nghiém ¢ 274,65K va
276,65K véi ap suat ban dau dugc dat 1a 5,0MPa va 6,0MPa.
Céc tac gia nhan thay, tc d6 hinh thanh hydrate methane
duoc ting cudng bai nano ZnO. Hau hét céc hat nano trong
céc nghién ciru néu trén 1a kim loai dét tién 1am ting chi phi
cia cac ung dung cong nghiép. Gan ddy cac hat nano
graphite ré tién va co dién tich bé mit riéng 16n hon va do
dan nhiét cao hon cac hat nano kim loai da dugc st dung
[10]. Két qua cua cac nghién ciru ndy cho thay thoi gian tao
mam hydrate giam 80,8% va hap thu khi ting 12,8% khi c6
mat cac hat nano graphit.

Gan day, cac nha nghién ctru di kham phd ra mot
phuong phap méi dé tao thanh hydrate khi nhanh chéng
nho chit xdc tac nhiét dong hec hoc THF [11-12]. Trong
ciu trdc hydrate, cac phan tir chit bd sung chiém va 6n dinh
cac 16ng I6n con cac 1ng nho chira CH4 [13]. Cac két qua
nghién ctu cho thay, hydrate CH4/THF duoc tao thanh
trong binh phan wng ¢ didu kién nhiét do va ap suit vira
phai (3,0MPa va 283,2K) ma khdng can khuay tron [12].

Nghién ctru tong quan trén day cho thay, hydrate khi 1a
mot giai phap hira hen trong luu trit khi thién nhién. Vé
nguyén tic biogas sau khi tinh luyén ciing dat dwoc tinh
chat cua khi thién nhién nén chiing ciing c6 thé luu trit bang
cbng nghé hydrate. Trong cdng trinh ndy, nhém nghién ctu
trinh bay kha nang luu trir biogas dudi dang hydrate va dé
Xuit cong nghé tng dung hydrate biogas trong sinh nhiét
gia dung va 1am nhién liéu cho xe gén may.

2. Luu trir va sir dung hydrate biogas
2.1. Hydrate biogas

Thong thuong biogas chira CHs (khoang 60%) va CO»
(khoang 40%). Khi loc bd CO> va cac tap chat khac thi
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biogas trg thanh khi thién nhién. Do ca CH4 va CO, déu co
thé hydrate hoa do do6 biogas tho ciing c6 thé luu trir bang
cong nghé hydrate. Két qua nghién ciru gin day cua
Veluswamy va cong su [14] cho thiy, biogas c6 kha ning
nhanh chéng tao thanh cac hydrate CHo/THF & &p suét vira
phai (3,0-5,0MPa) va ¢ nhiét ¢ gan véi nhiét do phong
bang cach két hop véi mot lugng nho chat hoat dong bé
mat. Cac thi nghiém da dugc thuc hién dbi véi su hinh
thanh hydrate CO2/CH4/THF cho thiy, & 283,2K dong hoc
hinh thanh hydrate & 4p suat 7,0MPa nhanh hon nhiéu so
v6i & ap suat 3,0MPa, véi thoi gian hinh thanh giam 66,1%
va ty 1é tiéu thy khi trong giai doan dau ting 617%. O nhiét
d6 cao hon (293,2K) viéc hoan thanh qua trinh hinh thanh
hydrate mat nhiéu thoi gian hon, dong thoi ty 18 tiéu thu
khi twong d6i thap hon. Nhitng nd luc khac dang duoc thuc
hién dé ting cudng dong hoc ¢ nhiét 4o cao bang cach thém
mot s6 chat xiic tac dong hoc. Két qua nghién ctru sy hinh
thanh hydrate ctia hdn hop 24% CO2/76% CH, khi bo sung
THF cho thay, khi c6 tap chat CO; thi dong hoc tong thé
cua sy hinh thanh hydrate CO2/CH4/THF bi tut giam so voi
hydrat CH4/THF [15]. Tuy nhién, ham lugng cudi cung cua
CHa luu trr trong hydrat khong bi giam nhiéu. Piéu nay
cho thay, loi thé cua viéc luu trit va van chuyen truc t1ep
khi tw nhién ¢6 1an tap chat CO; trong hydrat ma khong can
tach tap chit ndy truc qua trinh hydrat hoa.

Gian d6 can bang pha cua hydrate biogas co thé dugc
xdc lap dwa trén gian dd can bang pha cia CHa va CO; véi
gia dinh ap suit can bang cua timg chat ti 1& thuan v6i thanh
phan ciia n6 trong hdn hop khi.

- Pbi véi methane:

Pudng cong cin bang pha cua hydrate methan trong
nudce 6 thé duge tinh toan theo cong thirc thyc nghiém sau
day [16]:

In(Peq_CH.) = —1,644866.10° — 0,1374178T

+5,4979866.10%/T + 2,64118188.10%In(T)

- Dbi v6i carbonic:

Dua theo s6 liéu thyc nghiém trong [17], ching ta co thé
biéu dién mbi quan hé giita ap suat can bang pha va nhiét do
ctia hydrate carbonic theo biéu thirc trong tw nhu sau:

In(Peq_CO,) = —1,64752.10° - 0,1374178T

+5,4979866.10%/T + 2,64118188.10%In(T)

- i véi biogas:

Biogas dugc ky hiéu MxCy, trong d6 x la % methane
vay la % carbonic tinh theo the tich. V6i gia thiet ap suat
can bang ti I¢ thuédn vadi thanh phan khi trong biogas, duong
cong can bang pha cia biogas c6 thé tinh gan dung theo
bicu thirc:

Peq_biogas=(x.Peq_CH4 + y.Peq_C0O,)/100

Trong cong thic trén Peq 1a 4p suat can bang pha
(Mpa), T 1a nhiét do (K).

Két qua tinh 4p suit can. bang trong pham vi
T=260-276K cho trén Hinh 3. Bé dam bao an toan trong
muc dich st dung dan dung, chung ta chon pham vi ap suat
lam viéc cua binh chira hydrate nho hon 2Mpa. Chlng ta
thay CO> trong biogas lam giam ap suat can bang cua hon
hop khi so v6i methane.
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Hinh 3. Gian do cdn bang pha ciia hydrate CHa, CO2 va biogas
2.2. Tinh todn lwong nhi¢t can thiét cung cip cho binh
chira hydrate

Bdang 1. Nhiét phan giai hydrate CH4 va hydrate CO2 [2]

i . _[Khéi luongThé tich molg _ Nhiét phan giai
Khi |Cong thirc| - 3 3

rieng g/cmy  cm3mol T>0°C | T<0°C

CHa4.6H20 54,2 kJ/mol| 18,1

H 1 136,264 '
CHel " M=104 | 0910 36264 1 398 My/m@ | Ki/mol
C02.6H20 66,12 kJ/mol| 24,3
CO2 M=152 1,117 136,078 485 MI/m? | kJ/mol

Tinh toan dugc thuc hién vdi biogas da dugc tinh luyén
dé dat duoc 85% CHa va 15% CO, theo thé tich. Gid dinh
1m? hydrate chira trung binh 150m? khi ¢ diéu kién thuong,
tirc chtra 22,5m® CO; va 127,5m® CH4. Ning luong can
thiét dé phan giai 1 mol hydrate (15% CO, va 85% CHa) &
nhiét d6 T< 0°C la 19,03kJ (tinh theo Bang 1 vdi gia dinh
nhiét phan gidi ty 1& thuan véi thanh phan cac chat trong
nhién liéu). Tir d6 ching ta tinh dugc nang luong can thiét
dé phan giai 1 m? hydrate la 140MJ.

Nhiét tri thép ctia methane 13 35,8MJ/m°. Vay nhiét tri
ctia 127,5m® CH, 12 4564,5MJ. Nhiét can thiét dé giai phong
methane ra khoi hydrate chiém 3% nang lugng methane.

3. Pé xuit giai phap tng dung hydrate biogas

3.1. So' do h¢ thong sin xudt va siv dung hydrate biogas

in xudt hydrate methane

Hinh 4. So d6 san xudt va sir dung hydrate biogas
Hinh 4 gi6i thiéu so d6 hé thong san xuat va phan phoi
hydrate methane tir biogas. Biogas sau khi qua hé thong loc
H,S va CO; dugc dua vao hé thong san xuét thanh cac vién



4 Bui Van Ga, Trwong Lé Bich Tram, Pham Binh Long, Nguyén Lé Chau Thanh

hydrate CH4/THF tiéu chuin bao quan & nhiét d -2°C va
ap suat khi quyén. Céac vién hydrate CH#/THF sau d6 dugc
phan phdi cho cac ho gia dinh dé sinh nhiét gia dung hay
1am nhién liéu cho xe gin may.
3.2. Ung dung hydrate biogas trong sinh nhiét gia dung
- Bép hydrate biogas ho: Nguyén 1y lam viéc ciia bép
nhu bép dung con kho dang duge phd bién hién nay (Hinh
5). Hydrate biogas duoc dit vao coc gitra 16. Do ap suat
giam va nhiét d6 tang nén methane dugc phan gidi ra khoi
hydrate hoa tron véi khong khi tao thanh hdén hop chay
khuéch tan. Kiéu bép nay don gian nhung khé diéu khién
cong suit ciia bép nén hiéu suat sir dung nhién liéu s& thap.

Hinh 5. Bép hydrate biogas hé
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Hinh 6. Bép hydrate biogas kin

- Bép hydrate biogas kin: V& mat nguyén 1y, bép nay
khong khac gi bép ga truyén thong, chi thay binh ga LPG
bang binh hydrate biogas (Hinh 6). Hydrate biogas dugc
chtra trong binh bao 6n. Khi hoat dong hydrate biogas dugc
cAp nhiét thong qua dién trd c6 thé didu chinh dwoc cong
suat. Biogas thoat ra khoi hydrate dugc cép cho bép thong
qua bo diéu ap. Binh bao 6n c6 van an toan dé xa khi khi
4p suét ting cao va c6 van xa day dé xa nude khi hydrate
duogc phan giai hoan toan.
3.3. Ung dung hydrate biogas lam nhién ligu cho xe gin
may

Nhu phan tich trén day ning lugng thé tich ctia hydrate
biogas tuong dwong véi biogas nén & ap suat 200bar. Loi
thé ciia hydrate 14 4p suat lam viéc thap hon rat nhiéu, dudi
20bar. Do 4p sudt thap nén binh chtra hydrate c6 thé duoc
ché tao v6i kiéu dang phu hop voi khong gian bd tri trén
xe. Hinh 7 1 so @b b tri binh hydrate biogas cho xe gan
may kiéu tay ga. Binh duoc bb tri gon trong khong gian cop
xe. Cop xe duge chuyén sang khong gian phia trudc v6i thé
tich nho hon. Tuong tu nhu binh chira hydrate biogas dung
cho bép gia dung, khi st dung trén xe gan may binh chira

cling dugc cap nhiét thong qua dién tré véi cong sudt diéu
chinh duogc. Biogas phéan giai ra khoi hydrate dugc cung
cép cho dong co thong qua bd cung cép nhién liéu kiéu hit
hay kiéu phun [18-22]. H¢ thong cung cap nhién lidu xang
cho ddng co van giir nguyén. Vi vdy xe gan may co thé
chuyén sang ché d6 sir dung xing khi can thiét. Binh
hydrate biogas 6lit c6 thé chira 1m® biogas ¢ diéu kién
thuong gitip cho xe gan may c6 thé chay duoc quang dudng
100km. Tty theo pham vi hoat dong yéu cau, kich thudc
binh chira hydrate ¢6 thé dugc thiét ké phu hop. Quing
dudng hoat dong thong thudng ciia xe gan may hoat dong
trong thanh phd khoang 50km. Vi vy binh chira hydrate
biogas c6 dung tich khoang 3lit 1a phu hop.

Nép cdp nhién liéu

Diéu chinh
cong suat
nhiét

Biogas dén dong co

Hinh 7. So'dé b6 tri hé thong cung cdp nhién liéu hydrate
biogas cho xe gan mady

4. Két luan

Két qua nghién ctru trén déy cho phep ching ta rat ra
duogc nhiing két luan sau day:

- Luu trt va vén qhuyén khi thién nhién dudi dang
hydrate c6 nhiéu wu diém do mat do thé tich cao, ap suat,
nhiét d§ lam viéc vira phai, an toan va than thién v4i moi
truong. 1m® hydrate c¢6 thé chira 160-180m3 khi thién
nhién.

- Nhiéu giai phap cong nghé di dugc phat trién dé cai
thién déng hoc hinh }he‘mh hydrate, dua dicu lgién luu tri
hydrate vé gan vgi diéu kién méi truong. Khi bo sung THF
vao nudc, hydrate ¢6 thé luu trix trong mot thoi gian dai ¢
-2°C trong diéu kién 4p suat khi quyén.

- Biogas c6 thé luu trir bang cong nghé hydrate hoa
tuong tu khi thién nhién. Sy hién dién cua CO2 khong anh
huong dén qua trinh hydrate hoa. Pudng cong ap suit can
béng pha cua hydrate biogas thip hon dudng cong ap suit
can bang hydrate methane. Vi vay diéu kién luu trir va sir
dung hydrate biogas thuan 1¢i hon.

- Biogas san xut tir cac tram xir Iy nude thai, cac bai
chon 14p réc, cac trai chan nudi... c6 thé duoc xir 1y va ché
bién thanh hydrate biogas dé luu trit, van chuyen va phan
phdi dé sir dung 1am nhién liéu cho xe gin may hay sinh
nhiét gia dung.

- Nhitng nghién ctru thyc nghiém vé san xuét hydrate
biogas, binh chira hydrate va cong nghé st dung hydrate
biogas dé sinh nhiét gia dung va lam nhién liéu cho xe gén
may can dugc tién hanh dé phat trién cac prototype lam tién
dé cho viéc phat trién ng dung nhién liéu tai tao biogas.
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Loi cam on: Céc tac gia xin cam on B Gido duc va Pao
tao dd hd tro cho nghién ctru nay qua dé tai nghién ctru
khoa hoc va cong nghé cap Bo, ma sé CTB2018-DNA.02
“Nghién ciru lam sach tap chét trong biogas, luu trit nhién
lidu biogas, hydrogen; thiét ké ché tao bo phu kién cung
cép nhién liéu biogas-hydrogen cho dong co ddt trong”.
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