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TOM TAT: CO, la mét loai khi nha kinh rit quan trong. Qué trinh dét than thai ra CO, va cac loai khi
dong hanh nhu NO,, SOy, H,C,, CO,... Trong qua trinh quang hop, Vi tio va vi khuan lam c6 kha nang sir
dung CO, ty do va ion bicarbonate 1am nguén cc bon v co. Trong nghién ciru nay ching tdi d4 thu dwoc
ham luong CO, 4-7% thé tich théng qua viéc ché tao va van hanh thanh cong hé modul xir 1y khi thai
(HMDXLKT) ma hat nhan la modul xdc tac - hap phu dé xu ly cac khi thai dong hanh c6 trong khi thai
dbt than. Khi CO, dugc 1am sach trong qué trinh nay duoc luu git trong thiét bi chiu &p va s dung dé
nudi vi khuan lam Spirulina platensis. Két qua nhan duogc cho thiy, CO, thu dugc sau HMPXLKT la
ngudn céc bon tét cho vi khuan lam nay sinh truéng va dat sinh khdi cao nhét trong diéu kién sir dung moi
truong dinh dudng Zarrouk cai bién. Cac két qua nghién ciru khac ciing cho thy chat luong sinh khoi cia
vi khuan lam nudi trong mdi truong st dung CO, thu tir khi thai dét than 13 twong dwong véi cong thire thi
nghiém sir dung CO, tinh khiét.

Tur khoa: Spirulina platensis, hé thong xuc tac - hip phu, khi thai, qua trinh dét than, ngudn cac bon.

MO DAU

Qua trinh dét chay nhién liéu hda thach nhu
than d4, dau mo va khi thién nhién la nguyén
nhan chinh lam tang néng d6 CO, trong bau khi
quyén dan dén su thay ddi khi hau toan cau va
axit hoa dai duong [8]. Mot nha may dién dbt
than ¢& vira trung binh san xuat 11.400 tin
CO./ngay [3]. Trong khi thai dbt than ngoai khi
CO, chiém tir 7-15% con c¢6 cac khi dong hanh
khac nhu NOy, SO,, HCy, CO va cac hat bui lo
ltirng (PM) kich thude khac nhau.

Mot s6 phuong phép dd dugc dé xuat dé
quan ly cac muc do phat thai CO, vao khi quyén
nhu hip thu vao dai dwong hoac ¢d lap né vao
cac hé sinh thai trén can. M6t sb cong nghé nhu
hap thu hoa hoc, tach mang, dong lanh phén
doan ciing dugc xem xét [5]. Cac phuong phap
néu trén c6 thé 1am giam di dang ké nong do
CO, nhung khéng giai quyét dugc vin dé& vé
phét trién bén virng [6].

Trong nhirng nam gan day, van dé sir dung
qué trinh quang hop cua vi tao va vi khuan lam
dé cb dinh CO, d4 thu hat sy quan tam dic biét
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nhu mot chién luge day hta hen cho chuong
trinh giam nhe CO,. Pay la phuong phap méi
rat than thién véi méi truong. Nhitng nghién
ctru ndy da va dang duoc trién khai thanh cong
trén qui mo 16n tai nhiéu quéc gia khac nhau
nhu & Israel, Hoa Ky, Nhat Ban, Ptc, Canada,
Trung Qudc [4]. Tai day, cac thiét bi thu CO,
dugc tich hop véi cac nha may dét than nhu
mot bo phan xir ly khi thai.

Bai bao nay trinh bay mot sb két qua nghién
ctru ¢6ng nghé thu khi CO;, tir khi thai dét than,
loai b6t khi thai dong hanh va thir nghiém sir
dung ngudn CO, nay cho nubi cay vi khuan lam
Spirulina platensis c6 gia tri kinh t&, gop phin
giam thiéu CO, - mét loai khi gay hiéu ung nha
kinh.

VAT LIEU VA PHUONG PHAP NGHIEN CUU
Vit ligu

CO, tir khi thai dét than to_ong (FG) da
dugc lam sach khoi cac khi thdi dong hanh bang
cong ngh¢ xdc tac/hap phu va khi CO, cong
nghiép voi nong d6 99% vol. Vi khuan lam
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Spirulina platensis Geitler (hinh 1) dung cho
cac thi nghiém dugc cung cap tor bd suu tap

gidng Vi tio cua Phong Thuy Sinh hoc moi
truong, Vién Cong nghé méi truong.

(=A=) um:[

Hinh 1. Vi khuan lam Spirulina platensis

Mai treong nudi tao Spirulina platensis [1]
la méi truong Zarrouk chuan va Zarrouk cai tién
bang cach giam NaHCO; con 1,36 g/L va thém
vao 2g/L Na,COsa.

Cac thi nghiém duoc tién hanh tai Khu
Cong nghé caa Vién Han lam Khoa hoc va
Cong nghé Viét Nam véi cac diéu kién chuan.
Céac phuong phap danh gia vé khéi luong va
chit luong sinh khéi tao duoc tién hanh theo
Dbang Dinh Kim va nnk. (2011) [6].

Po khi thai bing céc thiét bi LANCOM
Series 11 (UK) va IMR 2800P (USA).

KET QUA VA THAO LUAN

van hanh h¢ modul xi ly Kkhi thai
(HMDXLKT)
Chung toi d& thiét ké va ché

tao HMDXLKT dua trén viéc Ung dung
cdng nghé xuc tac - hap phu va phun suong
(hinh 2).

e Buong thu Modul Modul Modul
Lodot = i hép phu oxi hoa DeNO,
@ @ (3) (3)

l @

Dan phun swong — hap thu

l )

CO, di dugce 1am sach gom vdo binh nén khi

)

Hinh 2. So ¢6 mé ta hé modul xtr 1y khi thai

Than dugc d6t trong 10 c6 nhiét do tur
250°C-300°C, sau d6 khi thai duogc hat vao
budng thu khoi c6 nhiét do khoang 180°C-
200°C, khi thai tiép tuc duoc dan vao Modul
hdp phu dé xir Ii cac hop chat chira Iuu huynh.
Tai modul oxy héa cac xic tac phuc heop

Perovskite trén xuong gom thic day cac phan
ung oxy hoéa NO, CO va HC [10]. Modul
deNOXx chira hdn hop 6xit da thanh phan cé cu
trdc nano [9]. Khi thai duoc chuyeén tiép sang
modul phun swong dé ha nhiét d6 va hip thy
phén tan du khi SOx va NOX, cubi cung khi thu
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duoc chii yéu la khi CO, ¢6 ham lugng bién
dong tir 4%-7%. Hinh 3A 1a dang xuong gom
tong hop cordierit cd cau trdc té6 ong lam chat

mang cho chét xdc tac va hap phy, hinh 3B la
nh&ng b6 xwong gom d& dugc tam vat liéu xdc
tac/hap phu.

Hinh 3. Xuong gém cau tric to ong (A) va xwong gom d4 tam vat liéu xdc tac/hap phy (B)

Két qua do khi

Nhirng két qua nghién ctru co ban [9, 10] d4
cho phép ching toi chon dugc té hop nhimng
modul xdc tac/hip phu phi hop véi diéu kién
hién hanh. Tuy nhién, khi tich hop cac modul
XUc tAc vao clng mot diéu kién phan tng chiing
toi da khao sat anh hudng cua nhiét o 1én hiéu
qua hoat dong cia hé théng xlc tac/hap phu

theo so @6 hinh 2. Két qua nhan dwoc ghi trong
bang 1. Hé thong xdc tac/hdp phu da lam viéc
t6t & nhiét do tir 250 dén 350°C voi hé sb
chuyén héa CO déu I6n hon chu ky ban hay
(tirc 1a déu chuyén héa trén 50% CO). Piéu dic
biét 14 SO, (tdc nhan nguy hiém nhét cho nudi
tao) gan nhu da dugc 1am sach hoan toan. Oxit
nito NO ciing giam trén 50%. O 310-320°C hé
sb chuyén héa CO la cao nhét.

Bang 1. Anh hudng cua nhiét d6 phan tmg téi hiéu qua chuyén hoa khi doc

co SO, NO, CO,

T°C Nong do Higu | Nongdo | Hiéusuit | Nongdo | Hiéusuat | Nongdo
(*) (ppm) | suat (%) | (ppm) (%) (ppm) (%) (%)
30 1680 16-22 30-32 4,35
250 558/1680 60 20 9 30 7 4,53
310-320 | 459/1680 | 72,7 2 91 16 50 4,64
350 591/1413 57 2 91 19 41 4,52
400 702/1413 50 2 91 15 53 4,22
500 1524/2000 | 23,1 3 90 13 60 4,17

*Nong do CO dugce Viét dudi dang ham lugng CO dau ra/CO dau vao tai mdi nhiét do khao sat. Vi du:
558/1680 co nghia la tai 250°C, ham lugng CO truée khi qua hé thong xtc tac/hap phy la 1680 ppm, sau khi
qua hé xdc tac/hap phu la 558 ppm. Ham lugng SO, va NOy trude khi qua hé xdc tac/hap phu & moi ving

nhiét d6 khong thay ddi va déu nhu & 30°C.

Trén co s& do, chang tbi dd chon nhiét do
budng xlc tac 1a 320°C cho hoat dong cua
HMBXLKT ¢ quy md 16n hon &p dung vao cac
nghién ctru tiép theo.

Sir dung CO, tir khi thai dét than lam nguén
cacbon cho vi khuan lam Spirulina platensis
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Bién dgng pH ciia mdi trwong nudi Spirulina
platensis dwec cdp CO, tir cAc nguén khac
nhau

Trong cac nhan t6 anh huong truc tiép dén
sinh truong cua vi khuan lam nhu anh séng,
nhiét do, dinh dudng, pH,... thi pH la mét trong
s6 nhitng yéu té nhay cam nhat.
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Bdang 2. Dién bién pH ciia mdi truong nubi Spirulina platensis & cac cong thirc thi nghiém c6 cac

nguon cap CO, khéc nhau

Thoi gian bCl bC2 FG-CO, Pure-CO,
(ngay) pH pH pH- Tr. pH-Sa. pH-Tr. pH-Sa.
Bb 8,65 9,81 9,81 8,88 9,81 8,87
1 9,40 9,75 9,37 8,80 9,35 8,02
2 9,53 9,65 9,31 8,92 9,27 7,91
3 9,61 9,60 9,34 9,04 9,30 7,47
4 9,66 9,56 9,31 8,83 9,18 8,53
5 9,66 9,58 9,25 8,96 9,14 8,38
6 9,65 9,61 9,34 8,88 9,22 8,36
7 9,64 9,63 9,28 8,97 9,18 8,16
8 9,66 9,67 9,36 8,92 9,27 8,14
9 9,71 9,63 9,36 8,87 9,35 8,20
10 9,68 9,59 9,37 8,52 9,39 7,97
11 9,73 9,61 9,42 8,55 9,37 8,29
12 9,73 9,68 9,41 8,91 9,32 8,47
13 9,73 9,68 9,43 8,97 9,37 8,36
14 9,77 9,72 9,46 8,80 9,46 8,34
15 9,77 9,77 9,44 8,85 9,46 8,51
16 9,78 9,81 9,48 8,96 9,55 8,59
17 9,76 9,84 9,47 8,78 9,48 8,54
18 9,78 9,82 9,39 8,92 9,42 7,84
19 9,80 9,80 9,45 8,76 9,45 8,07
20 9,79 9,80 9,44 8,80 9,46 8,66
21 9,78 9,81 9,45 8,76 9,50 8,71

Bang 2 trinh bay két qua dién bién pH cua
cac cobng thuc thi nghiém (FG-CO, va Pure-
CO,) duoc tién hanh trong thoi gian 21 ngay.
Tai cong thic PC1 do st dung mdi truong
Zarrouk chuan va pH ban dau la 8,65 nén khi
suc CO, tir khdng khi thi hiéu qua hap thu cua
tao rat thap. O cong thuc BC2 si dung moi
truong Zarrouk cai tién voi pH ban dau la 9,81
nén khi suc khéng khi chi véi 0,03% CO,
nhung trong khoang 10 ngay dau thi nghiém
thdy hiéu qua hip thu CO, tét hon & cdng thic
DPC1. Két qua cho thiy, ¢ cac cong thuc PC1 va
DC2 gié tri pH 6n dinh trong khoang 9,70 - 9,80
sudt thoi gian thi nghiém. Gia tri pH tai cong
thic FG-CO, (sir dung CO, tir khi thai dot than)
va Pure-CO, (sir dung khi CO, tinh khiét 99%)
luén nam trong khoang thich hop tu 8,5 - 9,5.
Mot vai truong hop pH giam xuong dusi 8 do
bién ddi tre khi luong CO, cap vao nhiéu hon so
v6i nhu cdu nhung sau d6 nhanh chéng phuc hoi
vé pH thich hop: pH-Tr (trudc khi bd sung

CO,) va pH-Sa (sau khi bé sung CO,).

Viéc diéu chinh pH ciia mdi trueong nudi
Spirulina bing khi CO, v& vuing thich hop rat c6
y nghia trong viéc chuyén hda céac dang cacbon
vO co hoa tan trong mdi truong. Phan tiép theo
ching t6i s& chirg minh sy thay d6i pH qua
viéc tai tao ion HCO5 va giam luong CO4”.

Bién déng ciia cac dang C vd co trong moi
treong nubi tdo Spirulina platensis
Théng thuong tao Spirulina sir dung cac

bon & dang HCOj3; va hinh thanh cac ion OH’,
COs” dan téi viéc pH trong dich huyen phu
lubn c6 xu hudng ting lén. Néu tlep tuc Cap
CO, vao dich tao thi pH s& giam xudng theo cac
phuong trinh sau day [5]:

HCO;s; + 2H,0 — [CHzo] + H,O + O, + OH’

HCO; + OH —CO3” + H,0

CO5* + CO, + H,0 — 2HCO5
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Ching t6i d& danh gia su bién dong cua
ham luong HCO5 va CO3” trong cac cong thirc
thi nghiém nhu céng thac BC chi suc CO,
khong khi, cong thire thi nghiém suc CO, tir khi
thai @6t than va cong thirc Pure-CO,. Sé liéu
phan tich cho thiy, trong cong thirc BC do chi
suc khong khi nén sy bién dong cia ham lugng
HCO5 ¢6 xu huéng giam dan va nguoc lai ham
lwong CO5* ¢6 xu huéng tang dan. Nhung trong
cbng thirc thi nghiém FG-CO; va Pure-CO; véi
viéc str dung CO, tach tir khi thai dét than va
CO, tinh khiét dé diéu chinh thi pH cua moi
truong ludn niam trong khoang thich hop (tir 8,5
- 9,5). Két qua dat dugc la do ham luong HCOy
khéng ngimg duoc tai tao, cu thé ¢ cong thuc
FG-CO, ham lugng HCOj  téi tao trung binh dat
13,14% va ham luong COs* trung binh giam
dugc 67,96%. O cdng thic Pure-CO, ham luong
HCOs téi tao trung binh dat 15,38% va ham
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lugng CO5” trung binh giam dugc 90,54%. Nhu
vay, co the st dung CO, tur khi thai dot than la
nguén bo sung C cho qua trinh nudi Spirulina.

Dé minh chang cho higu qua sit dung khi
CO, trong qué trinh nudi vi khuan lam, ching
t6i tiép tuc danh gia téc do sinh truong cua
Spirulina.

Anh hwéng ciia nguén cap CO, khac nhau 1én
toc dp ting truong ciia Spirulina platensis
Trong qua trinh sinh truong va phat trién,
Spirulina c6 thé sir dung céc nguon C vd co dudi
dang NaHCO; hoic Na,CO; nhung ngudn chu
yéu va thich hop nhit van 13 CO,. Bi 18, b sung
CO, cho méi truong nudi tao khdng chi cung cip
ngudn dinh dudng C ma n6 con kiém soéat duoc
pH ctua moi truong. Hinh 4 trinh bay két qua
nghién ctu so sénh téc do sinh truong cua
Spirulina platensis ¢ 4 cong thuc khac nhau.
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Hinh 4. So sénh téc do tang truong cua Spirulina platensis duoc cap CO, tir cac ngudn khéc nhau

Sau 22 ngay thuc nghiém & cong thac BC1
str dung méi trudng Zarrouk chuan vai 16,8 g/l
NaHCO; chi suc CO, tir khdng khi cho thay
hiéu qua hip thu cia cong thie nay 1a thip nhat
do pH ctaa moi trueong khéng giam ma con tang
1&n so véi ngay dau thi nghiém.

O cbng thic BPC2 do s dung moi trudong
Zarrouk cai tién (1,6 g/l NaHCO; va 2 g/l
Na,COs) ¢6 pH ban dau 1a 9,10 nén khi suc CO,
tir khdng khi thi méi truong hip thu kha tét.
Diéu nay thé hién & gia tri pH giam manh trong
nhitng ngay dau thi nghiém va nhitng ngay tiép
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theo ludn giir dugc 6n dinh ¢ khoang thich hop.

Cong thuc Pure-CO; st dung mdi truong
Zarrouk cai tién, suc CO, khong khi va bé sung
thém CO, tinh khiét dé diéu chinh pH cua mdi
truong. Hiéu qua hap thu CO, cua Spirulina
trong cong thirc ndly da duoc cai thién rd rét, toc
d6 tang truong vuot troi so voi céng thac BCI
va bC2.

Cong thuc FG-CO, ciing sir dung moi
truong Zarrouk cai tién nhung ngoai suc CO, tir
khong khi con bo sung thém CO, tach tir khi
thai @t than dé diéu chinh pH. Hiéu qua hap
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thy CO, cua Spirulina la tét va toc do ting
trugng nhanh, dic biét, & tuan cudi cung cua thi
nghiém, su ting trudng con vuot ca cong thuc
Pure-CO,. Két qua dat dwoc 1a do trong khi thai
d6t than ngoai CO, con cd mot lwong nho NO,
duoc coi nhu la dinh dudng cho tao [2, 8]. Bay
la két qua rat méi va dang khich 1¢ cho viéc
trién khai du an & quy mé 1on.

Phan tich thanh phan dinh dwéng caa
Spirulina platensis nudi trong mdi trwong
khac nhau & hé thong kin c6 thé tich 26 lit.

Ngoai viéc danh gié hiéu qua cda st dung
CO, tir 10 ddt than Ién sinh truong cua S.
platensis, ching toi con tién hanh phan tich
thanh phan dinh dudng trong sinh khéi cua vi
khuan lam nay (bang 3).

Bang 3. Két qua phan tich thanh phan dinh dudng cua sinh khéi tuoi S. platensis nudi ¢ cac

cong thirc thi nghiém khac nhau

STT | Chitiéu phén tich Don vi TN1 TN2 TN3 bC
1 Protein * % 48,945 46,897 46,995 46,987
2 Nito tong (N) % 0,866 0,842 0,814 0,797
3 Phot pho tong (P) % 0,059 0,065 0,059 0,062
4 Tro % 1,670 1,440 0,900 1,680
5 Am % 91,110 92,060 92,890 91,570
6 Xo % 0,462 0,416 0,398 0,401
7 Bo (B) ppm <10,0 <10,0 <10,0 <10,0
8 lot (1) ppm 45,910 44,640 35,830 35,980
9 Kali (K) % 0,170 0,172 0,152 0,187
10 | Natri (Na) % 0,463 0,380 0,207 0,548
11 | Canxi (Ca) ppm 33,030 107,850 8,820 21,460
12 | Magie (Mg) ppm 197,75 204,00 192,37 185,800
13 | Sit (Fe) ppm 79,500 109,350 58,480 126,600
14 | Mangan (Mn) ppm 3,970 5,780 2,140 2,470
15 | Coban (Co) ppm 0,347 0,352 0,267 0,185
16 | Pong (Cu) ppm 3,570 4,900 1,760 3,650
17 | Kém (Zn) ppm 18,570 12,250 5,950 7,160
18 | Stronsi (Sr) ppm 20,430 20,720 20,950 16,300
19 | Chi (Pb) ppm 1,029 1,218 0,879 0,547
20 | Cadimi (Cd) ppm 0,005 0,0032 0,003 0,006
21 | Crom (Cr) ppm 0,866 0,838 0,767 2,136
22 | Asen (As) ppm 0,137 0,107 0,066 0,137
23 | Thuy ngéan (Hg) ppm 0,0090 0,0092 0,0091 0,0085

DC. suc khong khi véi 0,03% CO, + 16,8 g/l NaHCO3; TN1. Suc FG - CO, + 16,8 g/l NaHCOs; TN2. Suc FG
- CO, + 11g/l NaHCOs3; TN3. Suc FG - CO, + 1,6 g/l NaHCO3; + 2g/l Na,CO3; *Chi tiéu tinh theo % sinh khoi

kho.

Két qua nghién ctru trinh bay & bang 3 cho
thy, vé co ban sinh khéi S. platensis duoc nudi
& ca 4 cong thirc néu trén déu c6 thanh phan
dinh dudng gan nhu nhau trir ham luong Pb &
cobng thire TN1 va TN2 Ia cao hon so véi cong
thirc d6i chirng va TN3. Nhitng ham leong nay
van nam trong giGi han cho phép lam thyc pham
chlrc nang.

KET LUAN

Hé modul xir ly khi thai dét than quy mo
pilot d& duoc thiét ké, ché tao va van hanh dua
trén viéc ung dung t6 hop nhiéu hé xdc tac - hap
phu c6 thé lam sach khoang 90% khéi thai tur
qua trinh d6t than, loai bo hoan toan SO, va
phan 16n lugng CO, NO, ciing nhu giam thiéu
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t6i da bui mudi. Khi CO, dugc lam sach sau
HMDXLKT véi ham luong 4,0-7,0% c6 thé bd
sung vao mdi truong nudi Spirulina platensis
nhu mét ngudn cac bon ¢é gié tri.

Str dung mdi truong Zarrouk cai tién, bod
sung thém CO, tach tir khi thai dbt than va khi
CO;, tinh khiét dé diéu chinh pH cia méi truong
da giup Spirulina platensis sinh truéng nhanh
hon han so véi cling mot méi truong ma chi suc
CO; tur khong khi.

Két qua phan tich thanh phan dinh dudng
cua Spirulina platensis cho thiy vé co ban la
khong c6 su khac biét dang ké khi vi khuan lam
nay nudi trong cac diéu kién khac nhau. Sinh
khdi Spirulina c6 thé dap tng tiéu chuan
nguyén liéu cho thyc pham chirc ning.

Loi cdm on: Cong trinh dugc thuc hién theo néi
dung cua Pé tai cip Nha nuéc KC08.08/11-15
do B6 Khoa hoc va Cong nghé tai tro.
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SUMMARY

CO, is very important greenhouse gas and burning coal process produces mainly CO, and other
accompanied gases (NO,, SO,, H\C,, CO,...). The microalgae and cyanobacteria are capable of using free
CO, and bicarbonate ions as a source of inorganic carbon during photosynthesis. In this study, CO, gas in
range of 4-7% was captured selectively by a special equipment using a catalyst-adsorption system and stored
for growing Spirulina platensis after effective removing the accompanied gases presented in the flue gas.

The obtained research results indicated that the recuperated CO, content was proved to be good carbon
source for growth of a Cyanobacterium Spirulina platensis. The growth of Spirulina platensis in the modified
Zarrouk’s medium supplied with this CO, source was highest while biomass quality of Spirulina platensis
using CO, collected from the coal-firing process was almost equivalent to that of the Cyanobacterium grown
in nutritive medium supplied with pure CO, source.

Keywords: Spirulina platensis, carbon source, catalyst-adsorption system, coal-firing process, flue gas.
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