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1.MO PAU

Khi dioxide carbon CO, chiém t&i mot nira khoi Iugng cic khi nha kinh va déng gop o1
60% trong viéc lam ting nhiét d6 khi quyén. D4t than thai ra nhiéu CO, nhét, sau d6 1a @6t dau
va xang. Hau qua cia viéc tiéu thy ning luong nhién liéu héa thach 1a tong lugng CO, trong bau
khi quyén ting 1én mdi nam [1].

Thong thuong trong khi thai dbt than, CO, chiém khoang 12%. Cir 1 tin carbon trong than
thi sinh ra khoang 4 tin CO,. Da ¢ nhiéu nd lyc nham giam khi thai CO, tir viéc d6t nhién ligu
héa thach nhung trude khi 1am diéu ndy ngudi ta cin tdch né khoi ngudn thai va st dung cdc ki
thuat khac nhau dé loai bo hodc giam gitt né [2]. Mot $6 du 4n cla nudc ngoai st dung truc tiép
CO; cua khi thai nha may nhiét dién dé nudi thir nghiém cédc loai vi tdo 1am nhién li¢u sinh hoc,
thtrc an cho ngudi va cho chan nudi hién dang dugc trién khai [3, 4, 5].

Khi thai d6t than c6 thanh phan chu yeu 1a CO,, NO,, SO,, H,C,, CO va cdc hat bui lo Iung
(PM) kich thudc ¢ vai micromét. Dé tai cap Vlen KH&CNVN [7] da tao ra cong nghé xur Ii
phan 16n cédc khi ddng hanh tir khi thai ddt than t6 ong va tao dugc ngudn CO, ham luong gan
7%. Ngudn khi CO, nay rét hiru ich néu dugc st dung hiéu qua cho nuéi tao Spirulina platensis
— mot loai tdo rat giau dinh dudng [8] va hién dang dugc dung nhu mdt loai thuc phélm churc
nang quan trong [9].

Bai bdo nay gidi thiéu mot s6 két qua nghién ctru st dung CO, tir khi thai dbt than dé nuoi
vi tao Spirulina platensis. iy 1a nhitng két qua méi lan dau tién duoc cong b tai Viét Nam.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

Khi CO, tir khi thai ddt than t6 ong (FG) sau khi di loai bot cac khi dong hanh véi ndng do
6,7% vol dugc st dung tryc tiép cho cac thi nghiém nudi tao. Dé ddi chimg, cac thi nghiém nubi
tao ding khi CO, cong nghiép véi ndng dd 99%vol duge tién hanh song song. Vi tao Spirulina
platensis SP4 dung cho céc thi nghiém dugc cung cp boi tap doan gidng tao ciia Phong Thuy
Sinh hoc mdi truong, Vién Cong nghé moi truong.



Céc thi nghiém duoc tién hanh tai Khu Cong ngh¢ cta Vién Khoa hoc va Cong nghé Viét
Nam v6i cdc diéu kién sau day:

a. Anh séng duoc cung cép tir d&n huynh quang anh séng lanh cong suat dién 40 W, cudng
d6 chiéu sang 5.000 lux, thoi gian chiéu sang 8 gio/ngay.

b. Pé xdc dinh téc d6 ting trudng, vi tao dugc nudi trong cdc dng thity tinh hinh try chuyén
dung c6 thé tich 1 lit. D¢ d4nh gid kha ning hap thu CO, cua dich huyén phi tao, binh phéan tmg
quang sinh thé tich 10 lit dugc sir dung. Dung dich tao duoc thoi khi lién tuc tir mdy thoi khi véi
tdc dd 50 L/phit dugc diéu chinh béi cdc van khéc nhau. b0 pH cta mdi trudng nudi tdo dugce
kiém sodt lién tuc theo thoi gian bang may pH Control (Hang Hanna).

c. Mbi trudng nudi tio 1a moi truong nudi Spirulina [17] cai tién bang cich giam NaHCO,
con 1,36 g/L; Na,CO; con 2 g/L.

Két qua sinh khéi tao duoc xdc dinh thong qua phép do OD trén médy quang phd UV-2450
Shimatzu (Nhat Ban) va dugc danh gia qua trong lugng khd (TLK) theo dd thi chuin phan dnh
mdi twong quan giita OD va TLK. Ham luong HCO;™ va CO;> dugc xdc dinh bang phuong phép
chuin do acid 0,IN HCI. Ham luong khi CO, trong khi thai ddt than dwoc do bang thiét bi CA-
6203 (Hoa Ki). Hiéu qua hdp thy CO, cua tao dugc xdc dinh bing phuong phép ding Bari
saccharat [16]. Danh gid chat lugng sinh khdi vi tao: protéin xdc dinh trén may chung cat D324
(Puc); carotenoid, tro dugc xdc dinh theo phuong phdp cua Timothy R. Parsons (1992); ham
luong hydratcacbon theo phuong phdp Bertrand, lipit tong sé xdc dinh theo phuong phap khdi
lwgng Weibull-Berntrop.

3. KET QUA VA THAO LUAN

3.1. Di‘én bién gia tri pH cia moéi trudng nudi tio Spirulina platensis SP4 dugc diéu chinh
bang cac nguon CO, khac nhau

Béng 1. Dién bién pH ctia méi trwéng nudi tdo Spirulina platensis SP4 trwéc va sau khi cap CO,

Thoi gian pH
CO: Tinh knige (PC) CO, FG (TN)
(Ngay) Trudc Sau Truée Sau
0 9,89 8,65 9,89 8,82
1 9,37 8,62 9,35 8,89
2 9,37 8,82 9,50 8,78
3 9,49 8,89 9,46 8,94
4 9,55 7,23 9,55 8,90
5 9,52 7,45 9,46 8,64
6 9,78 7,30 9,76 8,47
7 9,76 7,25 9,71 8,91
8 9,78 8,26 9,77 8,75
9 9,71 7,50 9,76 8,46
10 9,75 8,57 9,77 8,77
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pH c6 tic dong rat 16n dén qué trinh sinh trudng va phat trién ciia tao. Mdi loai tao c6 dai
pH thich hop khéc nhau. Pbi vdi tao Spirulina dai pH thich hgp nam trong khoang tir 8,5 — 9,5,
t6i wu 12 9. Trong céc thi nghiém da tién hanh do viéc cap khi CO, duogc kiém sodt lién tuc nén
pH clia mdi truong nudi tao dugc giit 6n dinh trong khoang pH thich hop, ngoai trir mot vai
truong hop ¢ cong thirc dbi ching (PC - suc CO, tinh khiét) d6 pH trong khoang thoi gian ngén
giam vé gan 7 do bién dbi tré khi luong CO, cip vao chua kip hoa tan. Tuy nhién, sau d6 pH lai
tang nhanh vé viing thich hop nén khong anh huéng dén tdc do sinh truong cua tao (bang 1).

S liéu bang trén cho thiy viéc diéu chinh pH ¢ hai hé thi nghiém, hé ding CO, tir khi thai ddt
than dé suc vao bé nuéi tio (ki hiéu TN) va hé dung khi CO, tinh khiét dé suc va 1am thi nghiém d6i
chimg (ki hiéu 1a BC) 1a tuong ty khi xét t6i gid tri pH vao ngy hém sau. Viéc thay doi pH trong
dich nudi tao ciing thé hién chuyén héa cic dang carbon vo co dugc khao sit dudi day.

3.2. Cac dang carbon vo co trong mdi trwong nudi tao Spirulina platensis SP4 truwéc va sau
khi bo sung khi CO,

Khi syc CO, vao mdi truong nudi tio cé thé )Euét hién cdc dang hop chat cicbon vo co
H,CO;, HCO5, CO5>. Ti 1¢ céc ion nay ludn thay ddi va phu thudc vao pH [8]. Thong thuong
tao Spirulina st dung cdcbon ¢ dang HCO5™ va hinh thanh cdc ion OH, CO5> dan téi viéc pH
trong dich huyén phu lubn ¢6 xu hudng tang 1€n. Néu tiép tuc cap CO, vao dich tao thi pH s&
giam xuong theo cic phuong trinh sau day [10]:

HCO3_ + 2H20 - [CHzo] + Hzo + 02 + OH
HCO; + OH" — CO;™ + H,0

CO;* + CO, + H,0 — 2HCO;y

Bang 2. Ham lwgng HCO3 va CO,® trwdc va sau khi didu chinh CO,

Thoi gian CO;, tinh khiét (BC)
HCO; (mg/l) CO;*(mg/l)
Ngay Truéc | Sau | Chuyén héa (%) | Truéc | Sau |Chuyén héa (%)

Ban dau 2318 | 2647 14,19 216 48 77,77
1 2330 | 2592 11,24 324 46 85,80

2 2244 | 2635 17,42 420 114 65,71

3 2287 | 2624 14,95 468 132 71,79

4 2244 | 2787 24,19 428 66 84,57

5 2312 | 2696 16,60 474 126 73,41

6 2074 | 2854 37,60 810 30 96,29

7 2257 | 2933 29,95 684 48 92,98

8 2275 | 2934 28,96 750 66 91,20

9 2250 | 2884 28,17 708 48 93,22

10 2348 | 2964 26,23 726 114 84,29
TB 22,68 83,36
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Bang 2. Ham lwong HCO5 va CO5” trwdc va sau khi digu chinh CO; (tiép)

Thoi gian CO, tinh khiét (BC)
HCO5 (mg/l) CO5*(mg/l)
Ngay Trudc Sau | Chuyénhéa (%) | Trudc Sau Chuyén héa (%)

Ban ddu | 2318 2598 12,07 216 132 38,88
1 2315 2574 11,18 204 168 17,65

2 2311 2512 8,55 360 58 85,00

3 2190 | 2604 18,90 492 156 68,30

4 2269 | 2665 17,45 558 144 74,20

5 2372 | 2653 11,84 468 150 67,95

6 2080 | 2899 38,99 858 54 93,71

7 2269 | 2769 22,03 720 90 87,50

8 2232 | 2909 30,33 840 78 90,72

9 2182 | 2830 29,69 750 102 86,40

10 2379 | 2909 22,27 816 144 82,36
TB 20,30 72,06

S6 liéu trinh bay trong bang 2 cho thdy kha ning chuyén héa HCO;™ trong méi truong duoc
diéu chinh bing khi CO, tinh khiét dat 22,68% trong hé thi nghiém PC chi cao hon mot chiit
(khoang 2%) so v&i hé TN. Diéu nay cho thiy kha ning ddng héa HCOs cua vi tao & ca hai
truong hop, ding khi CO, tinh khiét hay khi CO, tir khi thai dt than hau nhu khong khéc biét.

Trong khi d6 COy” giam téi 83,36% & hé DC so vdi 72,06% & he¢ TN. Diéu nay hoan toan
phit hop véi s6 liu trinh bay trén Bang 1 va dwoc If giai nhur sau: Sau khi diéu chinh pH bang
viéc bo sung hang ngay CO,, gid tri pH cua h¢ BC ludn thap hon so voi hé TN, chimg t6 lugng
CO, ¢ hé BC hoa tan nhidu hon ma gi4 tri nay trong mdi trudng nudi Spirulina luén ti 1€ nghich
v6i lugng CO; Két qua nay la co s¢ khoa hoc quan trong gidp cdc nha san xuét dai tra vi tao
Spirulina diéu chinh viéc cdp CO, vao dich tdo sao cho kinh té nhat.

3.3. Toc dd tang sinh khéi tao Spirulina platensis SP4 trong méi truong cé bd sung CO, tir
cac nguon khac nhau

Trong nhitng nim gan diy nghién ctru tdc dong anh hudng clia thanh phan khi thai va kha
ning hép thu CO, trong khi thai cua vi tao da duoc nhiéu tic gid quan tam. Oxyt Iuu huynh, dic
biét SO, c6 thé tic dong dang ké 1én sinh trudng cua tao. Khi néng d6 SO, dat 400 ppm, pH cua
moi truong nudi tao c6 thé giam xudng dudi 4 va anh huong nghiém trong dén sinh truong cua
tao [11]. Mot s tdc gia khac lai chimg minh rang tio c6 thé chiu dung SO, véi ndong do 200
ppm [12, 13]. Trong diéu kién thi nghiém cua ching t6i, khi SO, da bi loai bé hoan toan trudc
khi suc CO, vao dich tao [7].
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NOx (dudi dang NO va NO,) tdn tai ciing v6i khi CO, ¢6 thé anh hudng dén pH cua moi
trudng nudi tao, nhung ¢ mic d thap hon SO,. Tuy nhién, NO cling nhu NO, déu duogc coi la
nguodn dinh dudng Nito cho tdo [11, 12, 14].

Dé danh gid téc do tang trudng cua tao, hang ngay mau duoc thu dé do mat dd quang hoc
(OD), xdc dinh sinh khéi kho. Duéi ddy 12 cac két qua lién quan dén sinh khéi kho cua Spirulina
platensis SP4 trong cic diéu kién hai h¢ thi nghiém khic nhau - h¢ TN dung nguon CO, con lan
mot sd tap chat tir khi thai d6t than va h¢ DC ding ngudn CO, tinh khiét.
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Hinh 1. Téc d6 ting trwdng cta tado Spirulina platensis SP4 & 2 hé nuéi khac nhau

Tir hinh 1 ta thiy sau 10 ngay thi nghiém, tao Spirulina & ca hai hé dat trong luong kho téi
5 g/L véi sinh khéi ban dau gan 0,2 g/L. Nhu vy, toc do ting truong cua tao Spirulina platensis
Sp4 trong moi truong b6 sung CO, tach tu khi thai d6t than gan nhur tuong duong vdi tao duoc
bd sung bang CO, tinh khiét trong sudt thoi gian thi nghiém néi trén. Két qua nay rat ¢6 y nghia
khoa hoc va thuc tién vi hai 1i do:

a. Vi tao c6 thé khai thdc ngudn carbon dé quang hop tir CO, tinh khiét ciing nhu CO, thu
héi tir khi thai d6t than. Nhu vay, hoan toan c6 thé thu hdi CO, tir khi thai dét than dé vira giam
thiéu khi thai nha kinh va vira nudi dai tra vi tao giau dinh dudng.

b. Khi CO, duoc thu hdi tir khi thai d6t than bang cong nghé xic tic chuyén héa CO vé
CO,, chuyén héa NO, vé N, va H,O va hap phu cdc thanh phan khi thai dong hanh khéc nhu
SO,. Vé Ii thuyét, qué trinh xiic tdc va hap phu khé dat higu sut 100% va do vy song hanh
cling v6i khi CO, suc vao bé nudi tao cung voi mot ham luong nho céc khi ddng hanh khac. Két
qua thi nghiém trinh bay ¢ trén cho thdy nhitng khi thai déng hanh chua dugc loai bo hoan toan
bang cong ngh¢ xuc tac hap phu da sir dung khong gy anh huong Xau toi sinh truong cua vi tao
nay va mo ra trién vong ng dung cong ngh¢ xuc tdc hap phu dé xir I khi thai d6t than tao ngudn
CO,ré tién va hiéu qua dé san xudt sinh khéi vi tao.

3.4. Hiéu qua hap thu khi CO, tir khi thai d6t than ciia tao Spirulina platensis SP4
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Trong sinh khéi tao c6 téi 40% - 50% carbon, va dé san xuat dugc 1 kg tao khd can cé
khoang 1,5 - 2,0 kg CO,. V1 vay viéc cép CO; cho dich tao va kha néng hap thy hiéu qua khi nay
clia tao 12 diéu rat quan trong, anh huéng nhiéu dén gid thanh san xuét [15].

Trong thi nghiém nay, binh phan tng quang sinh thé tich 10 lit da dugc ding dé nudi
Spirulina platensis SP4 nham xéc dinh kha ning hap thu khi CO,. Téc d6 suc khi 50 L/phit véi
ndéng do CO, tir khi thai ddt than dao dong tir 6,2 dén 6,7%vol. Hiéu qua hap thu CO, cia dich
tao dugc tinh todn trén co s¢ do nong d6 CO, trong khoang khong cua binh phan tmg quang sinh
& mdi thoi diém pH dang thay doi theo chiéu huéng giam dan. Tai thoi diém cudi (img voi hiéu
quéa hap thu 78,0%), dong vao ciia CO, di bi ngit trong khi pH van chua kip giam xubng thip
hon 9,00.

Két qua trinh bay trén hinh 2 cho thiy kha ning hap thu khi CO, cua dich tao Spirulina
platensis SP4 12 rat cao. Tai gid tri pH cang cao thi ti 1& nay cang 16n. Thuc ra diéu nay dé dang
dat dugc trong diéu kién nudi kin tai binh phéan tng quang sinh. Con ddi voi diéu kién nudi dai
tra ngoai bé hé, kha nang hap thy khi CO, s& thap hon, dudi 50% [8].
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Hinh 2. Hiéu qua hép thu khi CO, tach tir khi thai dét than cua tao
Spirulina platensis SP4

3.5. Chit lwgng sinh khoi

Thanh phan chit lugng vi tao khong khéc biét nhiéu khi Spirulina platensis SP4 sit dung
ngudn CO, tir khi thai d6t than t6 ong (CO, FG) va ngudn CO, tinh khiét (bang 3). Ham luong
protéin trong tao & mau TN (CO, FG) va PC (CO, tinh khiét) lan luot 1a 56,11% va 65,29%
TLK déu nam trong khoang dao dong tir 50 dén 65% TLK ctia tao Spirulina nudi trong céc diéu
kién khdc nhau. Sy khéc biét ctia ham lugng protein tong sd & cong thire TN ¢6 thé lién quan téi
viéc e ché tong hop boi nhitng khi thai dong hanh chua dugc loai b hoan toan.

Ham Iuogng chat béo va khodng chat trong mau TN, PC gan nhu twong duong va dam bao
thanh phan dinh dudng ciia tao kho Spirulina [6, 8].

Ham lugng carotenoid trong tao Spirulina platensis SP4 & TN va BC lan luot 1a 0,48 va
0,47% TLK va tuong duong vdi céc so liéu da dugc cong bo trudc do [8].
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Béng 3. Chét lwong sinh khéi vi to Spirulina platensis SP4

(% TLK) BG (TN) tinh khiét (BC)
1 Protéin tong sb 56,11 65,29
2 Chat béo 11,03 9,02
3 Hydratcacbon 4,84 5,59
4 Tro 9,12 9,99
5 Carotenoids téng $6 0,48 0,47
4. KET LUAN

Bai béo trinh bay két qua budc dau ciia cong nghé sir dung khi thai dot than dé nudi vi tao
Spirulina platensis SP4. Khi thai ddt than duge lam giau CO, va giam thiéu cic khi thai dong
hanh bang cong nghé xdc tic, hdp phu. Nhitng két qua thu nhan dugc cho phép rit ra mot sd két
luan sau:

Viéc stt dung CO, v6i ham lugng 6,2 - 6,7% thu hoi tir khi thai d6t than cho viéc nuoi thu
nghiém vi tao Spirulina platensis SP4 1a kha thi néu xét v& hiéu qua chuyén héa CO5* (83,38% &
DC so v6i 72,06% & TN) va HCO5™ (22,68% & DC so vai 20,30% & TN), hiéu qua hap thu CO,
(78,7% - 94,35% trong dai pH tuong tng tir 9,00 dén 9,29) ciia dich huyén phi tao, kha ning
tang sinh khéi ciing nhu chit lugng sinh khéi thu dugc.

Két qua nghién ctru thu nhan dugce gép phan khang dinh kha nang sir dung CO, thu hdi tir
khi thai dot than v6i 2 muc dich song song, giam thiéu khi thai nha kinh va tao ngudn carbon dé
nuoi dai tra vi tdo giau dinh dudng.
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SUMMARY

UTILIZATION OF CO, CAPTURED FROM THE COAL-FIRED FLUE GAS FOR

GROWING SPIRULINA PLATENSIS SP4

The paper presents the results concerning the utilization of CO, captured from the coal-

fired flue gas for growing the Spirulina platensis SP4 in laboratory condition.

Several research results on the conversion of COs;> and HCO;  in algal suspension and CO,

intake efficiency by the alga were presented. The growth and biomass quality of Spirulina
platensis SP4 using CO, from fired-coal flue gas were equivalent to that of the alga grown in the
pure CO, experimental lot.

Keyword. Spirulina, khi thai d6t than, cong nghé xiic téc - hap phuy.
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