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Tém tit:

PGa21Ca 1a mot polyme tw nhién dwgce tring hop tir axit poly-gamma glutamic, khong déc hai, dé phan hiiy sinh
hoc, dwgc sir dung rong rii trong linh vue xir Iy nwée thai dét nhuém tai Nhat Ban va mot sé qudc gia phat trién,
nhung vin chwa dwoc ing dung trong thue té tai Viét Nam. Bai bao trinh bay két qua nghién ctru vé kha ning
xir ly do mau, pH, chit hiru co (CHC) trong nwéc thai dét nhudm cia vat liéu PGo21Ca va phen nhom sunfat -
AL(SO, ) -18H,0. Theo do, hi¢u sut xir ly mau va CHC cua PGa21Ca cao hon so voi phen nhém. Pdi véi PGa21Ca,
hiéu suat xir ly do mau dat 95%, hi¢u sult xir ly CHC dat 35%; véi phén nhom hiéu sult xir ly d9 mau dat 86%, hi¢u
suat xir ly CHC dat 13%; ngoai ra PGa21Ca con c6 kha nang dwa gia trji pH ctia nuwéce thai vé trung tinh. Trén co s&
nghién ciru, bai bao dé xuit mé hinh tw dong xir Iy nwéc thii dét nhudm khi sir dung vt liéu keo tu PGa21Ca, dam

béo chi tiéu d§ mau nuée thai dat QCVN 13:2015/BTNMT - Cot B.

Tir khéa: Hoa chit keo tu, nwoc thai dét nhuom, PGa2lCa, phén nhom sunfat, xir ly dp mau.

Chi s6 phén loai: 2.7

Dét may 1a nganh cong nghiép chiém vi tri quan trong
trong nén kinh t& qudc dan, dong gop dang ké vao ngudn
ngan sach qudc gia, ddng thoi giai quyét cong an viéc lam
cho nhiéu lao dong [1]. Tuy nhién, nganh dét duoc biét 1a
mot trong nhitng nganh coéng nghiép c6 nhu cau nudc sir
dung la rat 16n, cu thé nhu luwgng nudce can cho mot mét vai
dao dong tr 12-65 it va thai ra tor 10-40 it [2]. Nudc thai
dét nhudém 1a mot trong nhiing loai nudc gy 6 nhiém ning,
v6i ham luong cac chét hiru co cao, da dang v& mau sic, kho
phan huy va rat doc hai.

Hién nay, c6 nhidu phuong phap dé xtr Iy nude thai dét
nhudm, bao gém: Sinh hoc, vat Iy va héa hoc, keo tu... trong
d6 keo tu tao bong la phuong phap hiéu qua nhét trong viéc
xtr Iy mau va dang duoc nhiéu nha may ap dung. Cac hoa
chét keo tu nhu phén nhom, phén sit va PAC duoc st dung
nhiéu béi tinh hiéu qua cua né trong viée xir Iy nhiéu loai
nude thai va chi phi twong ddi thap [3]. Tuy nhién, nhiéu
nghién ctru gan ddy da chi ra mot sb han ché khi st dung
phén nhém, nhu sy ton du lugng nhém trong nude sau xur
ly 1am giam d6 pH va hiéu qua keo tu, tao ra luong bun 16n
[4]. bé giam bdt cac vén dé lién quan dén cac chat keo tu
hoa hoc, mot sb nghién ctru da chi ra viéc s dung cac chét
keo tu ¢co nguén géc tir tu nhién, dugc san xuit hodc chiét
Xudt tir vi sinh vat, dong vat hodc thuc vat [5].
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Trong nghién ciru nay, cac tac gia trinh bay két qua déanh
gia kha nang xtr 1y d6 mau, pH, chét hitu co (CHC) trong
nudc thai dét nhuém cua vat liéu PGo21Ca - mot vat liéu
keo tu m&i co ngudn gde tir tu nhién va phén nhom sunfat
(AL(SO,),.18H,0) - vat li¢u keo tu dang duoc sir dung phé
bién ¢ nudc ta hién nay, dé dua ra cai nhin tong quan hon
vé kha nang xur Iy nude thai dét nhudm cua hai vat liéu nay.
Trén co so d6, chung t6i s& d& xuit mé hinh tu dong xur 1y
nudce thai dét nhu¢m khi sur dung vat li¢u keo tu PGa21Ca,
dam bao chi ti€éu do mau nudc thai dat QCVN 13:2015/
BTNMT - Cét B.

Doi wigng va phuong phap nghién ciu

Déi twgng nghién ciru

- Nhom nghién ctu su dung nudc thai nha may dét
nhudém cia Cong ty C6 phan dét Hoa Khanh (DANATEX)
dé tién hanh thi nghiém.

- Hoa chit keo tu: PGo21Ca; AL(SO,),.18H,0. Hoa chit
duogc st dung trong nghién ciru déu thudc loai cation, dudi
dang bat.

- M6 hinh tu dong xur Iy nudce thai dét nhudm.

Phuwong phap thuc nghiém

Kha nang xur Iy nudce thai dét nhuom bf?mg vat liéu keo tu
PGo21Ca va phén nhudém sunfat (sau day goi la phén nhom)
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Abstract:

PGoa21Ca is a natural polymer polymerized from poly-
gamma glutamic acid. It is non-toxic, biodegradable, and
widely used in the field of textile wastewater treatment
in Japan and some other developed countries; however,
it has not yet been used in Vietnam. This paper presents
the research results of a survey on the current dyeing
wastewater treatment quality in terms of colourants, pH,
organic compounds in dyeing wastewater by using a new
coagulating material PGo21Ca and aluminium sulfate
(AL(SO,),.18H,0). The experimental results showed
that the colour and COD removal efficiency of PGa21Ca
is higher than aluminium sulfate - AL(SO,),.18H,0. For
PGo21Ca, the color removal efficiency was 95%, and
the COD removal efficiency was 35%. For aluminium
sulfate, the color removal efficiency was 86%, and
the COD removal efficiency was 13%. In addition,
PGo21Ca was also capable of bringing the pH value
of the wastewater to the pH value of neutral medium.
On that basis, this article also showed the successful
operation of the automation treatment model for textile
dyeing wastewater using PGa21Ca, ensuring the colour
of textile dyeing wastewater after the treatment to reach
the National Technical Regulation on the effluent of
textile industry (QCVN 13:2015/BTNMT).

Keywords: Aluminium sunfate, coagulant, dyeing

wastewater, PGa21Ca, the treatment of colourants.
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duogc khao sat tai cac thong s6 khac nhau nhu néng do hoa
chét keo tu, thoi gian khuéy, tbe do khuéy, pH. Trong 4o,
néng do cua vat liéu keo tu dugc khao sat tang dan tr 0,02
dén 0,06%; thoi gian khudy dugc khao sat tir 10 gidy dén
30 phut; tdc do khqu duoc khao sat trong khoang tur 10 dén
200 vong/pht, va theo ddi sy thay d6i cua thong sé pH khi
su dung hai vat li¢u keo tu khac nhau. Khi tién hanh khao
sat thong s6 nao thi cac gia tri ciia thong sé d6 duoc diéu
chinh thay ddi, con cac théng sb khac giit ¢b dinh. Sau khi
xtr 1y, cac bong keo tu s& duge dé lang trong thoi gian 5 phuat
trude khi duge dem di phan tich.

Phuwong phap phén tich héa hoc

P9 mau nudc thai sau qua trinh xu ly dugc xac dinh
bang may do mau HANNA HI 96727. Ham luong COD ciia
nuée thai sau qua trinh xtr 1y duge xac dinh bang may do
HANNA 83214. Xac dinh pH bang may do pH HANA HI
98107. Khi lugng PGa21Ca va phén nhudém dua vao dugc
xac dinh bang can dién tir PRESICA XR 125 SM.

Phuwong phap xay dung moé hinh thuc nghiém

CAu tao mé hinh tu dong hoa xur 1}'{ nudc thai dét nhudm
gom cac bo phan co ban sau: (1) Bé chira nudc thai dét
nhudm; (2) BE phan tng - keo tu; (3) Bé chira nude sau xur
ly; (4) Bé chua can; (5) May khuay tu dong; (6) Van; (7)
Bom.
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Hinh 1. Cau tao mé hinh ty dong héa.

Sau khi cai dt cac thong s (ché do, luong héa chat keo
tu, toc do khu?iy, thoi gian léng), mo hinh ty dong hoa xir
Iy nude thai dét nhuém hoat dong theo nguyén tic nhu sau:
Nudc thai dét nhudém s& dugc bom tir bé chira nude thai vao
bé keo tu. Hoa chat s& duoc tu dong dong vdi khdi lugng
xac dinh va ty dong dd vao bé khi nuée déy. Tiép theo do,
canh khudy khuéch tan hoa chat déu trong nuéc. Sau mot
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khoang thoi gian dugc dat san trén bang diéu khién, canh
khudy s& ngimg khudy, qua trinh keo tu tiép tuc dién ra va
céc bong keo tu ling xudng day bé. Nudc sau ling dugc
bom qua bé chira nude sau xt ly. Cudi cung, van dién tir tu
dong mo dé xa phan cin va cac bong ¢ day bé vao bé chia
can, chuén bi cho 1an xt ly tiép theo.

Phwong phdp xii 1y s6 ligu
S liéu sau khi thu thap s€ dugc xu Iy va vé biéu dd bfing

phian mém Microsoft Office Excel, Microsoft Word. Hiéu
suét xir Iy theo chi tiéu d6 mau dugc tinh theo cong thirc sau:

M "l_M |
H(%) = %xlﬂﬂ (%)

]

Trong do, M(T) la do mau (Pt-Co) hodac COD (mg/l) cua
nu6ce trude khi xir ly; Mg 1a do mau (Pt-Co) hoac COD
(mg/1) ciia nudc sau khi xur 1y.

Két qua nghién ciiu va théo luan

Két qua khdo sat chit lwong nwéc thai

Nudc thai dét nhuom duogc lay trude khi vao bé diéu
hoa luu luong ciia DANATEX. Thoi gian 14y mau dugc chia
1am 3 dot, mdi doi ldy mau déu vao luc 9 gio sang cac ngay
18/1/2017, 18/3/2017, 18/4/2017. Két qua chét luong nudc
thai san xudt ciia nha may dwoc thé hién & bang 1.

Bang 1. Két qua nong do cac chat 6 nhiém c6 trong nudc
thai san xuat ctia nha may dét nhugm.

QCVN 13:2015/

STT  Théngsé DPonvi Detl  Dgt2  Det3 R ——-
1 pH 8 7 7 5,5-9
2 Pomiu  Pt-Co 1.825 710 810 200
3 COD mg/l 490 715 1.207 200
4 ss mg/l 180 193 249 100

S liéu mdi dot 1dy mau khac nhau, diéu nay co thé dugc
giai thich bai sy anh hudng ciia qua trinh san xuét cling nhu
nguyén lidu thudc phdm nhudém dau vao mdi thoi diém khac
nhau, day 1a nguyén nhan anh hudng truc tiép dén luu luong
va dic diém nudc thai san xuit cua nha may.

Trong céac dot iy mau, gid tri pH nam trong quy chuan,
d6 mau vuot 3,05-8,12 lan, ndng d6 CHC vuot 1,45-5,04
lan, néng dd chit rén lo lung (SS) vuot 0,8-1,49 lan so voi
quy chuén cho phép. Vi vy, viéc xir Iy nudc thai trude khi
thai ra moi truong dé dat dugc ndong d6 ma quy chuan cho
phép 1a rat can thiét.
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Két qud nghién ciru vé khd nang xir Iy d¢ mau va CHC
trong nwoc thdi dét nhugom bang hoa chat keo tu

Anh hwéng ciia nong dé héa chit keo tu kha nang xir Iy
do mau va CHC:
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Hinh 2. Anh hudng ctia nong do héa chat keo ty dén kha
nang xt ly do mau.

Theo biéu d6 hinh 2, hiéu qua xir Iy d6 mau ty 1é thuan
v6i nong d6 PGa21Ca, v6i ndng do tir 0,02-0,6% thi higu
sudt xir 1y tir 15-95%, va g v6i ndng d6 PGa21Ca 1 0,6%
thi d6 mau dat gia tri thip nhét (100 Pt-Co). Nguoc lai voi
phén nhom, hiéu suat ting giam khong déu khi ting ndng
d6 phén nhém, cu thé khi tang néng d6 phén nhém tuir 0,02%
1én 0,1% thi hiéu suit xtr Iy tang tir 10% 1én 45%, g voi
ndng d6 0,1% d6 mau 1a 1.010 Pt-Co, khi nong d¢ ting tir
0,12 1én 0,6% hiéu suét xir 1y bat dau giam tir 42% xudng
10%.
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Hinh 3. Anh huéng ctia nong do héa chat keo tu dén kha
nang xt ly CHC.

Theo hinh 3, hiéu suat xir Iy CHC trong nudc thai dét
nhudém cua phén nhém thip hon so véi PGa21Ca. Bbi vai
PGa21Ca, khi ting nong do tir 0,02% dén 0,6% thi hiéu xuét
xir Iy ¢6 xu hudng ting tir 9% dén 34% va tng voi nong do
PGa21Ca la 0,6% dat gia tri cao nhét 1a 34%. Trong khi do,
d6i v6i phén nhom thi hiéu suét xir 1y ting tir 8% dén 13%
khi tang ndng do tir 0,02% dén 0,3%. Tuy nhién, khi tiép tuc
tang ndng do tir 0,4% dén 2% thi hidu sudt lai giam tir 8%




xuéng 6%. Ung voi néng d6 0,3% thi hiéu suat xu ly cua
phén nhom la cao nhat, dat 13%.

Anh hiong cua thoi gian dén kha nang xir 1y do mau,
CHC cua hoa chat keo tu:
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Hinh 4. Anh huéng ciia thoi gian khudy dén kh nang xir
Iy mau clia héa chat keo tu.

Yéu t6 thoi gian khong anh huong nhiéu dén higu qua
xtr Iy 46 mau ciia PGo21Ca, cu thé khi ting thoi gian khudy
tir 10 gidy dén 30 phat, hiéu suit dao dong trong khoang
38% dén 39%. Nguoc lai véi PGa21Ca, thoi gian khudy
cua phén nhdm anh hudng 16n dén hiéu qua xu ly d6 mau,
két qua cho thy khi ting thoi gian khudy tir 10 gidy 1én 30
phut hiéu suat xir Iy giam tir 44% xubng 38% (hinh 4). Hiéu
sut xtr Iy cua phén nhém giam c6 thé duoc giai thich nhu
sau: Khi cang ting thoi gian khudy vuot qua ngudng thoi
gian phu hgp véi phén nhdém thi nhitng bong keo tu dugc
tao thanh khi bi xdo tron trong thoi gian lau pha vo, do vay
hi€u qua keo tu s€ giam.
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Hinh 5. Anh huéng ctia thdi gian khudy dén hiéu qua xi
ly CHC ctia héa chat keo tu.

Ciing tuong ty nhu két qua xir Iy mau cua PGo21Ca,
thoi gian khuay khong anh huong nhiéu dén kha nang xir Iy
CHC trong nudc thai dét nhuom. Khi ting thoi gian khudy
tir 10 gidy 1én 30 phut, hiéu suat xt Iy CHC cua PGa21Ca
dao dong tir 30 dén 35%, con d6i voi phén nhom cang ting
thoi gian khudy thi higu sudt cang giam, cu thé 1 véi thoi
gian tir 10 gidy 1én 30 phat thi hiéu suat giam tir 11 xuong
5% (hinh 5). Tuy nhién, dui ¢6 thay doi thoi gian gian khudy
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nhu thé nao thi hidu sudt xir Iy CHC trong nudc thai dét
nhudm ctia phén nhém van thap hon nhiéu so véi PGa21Ca.

Anh hieong ciia toe dé khudy dén xir 1y @6 mau, CHC ciia
hoa chat keo tu:
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Hinh 6. Anh huéng ciia toc do khuay dén xi ly do mau ciia
héa chat keo tu.

Két qua hinh 6 cho ta thay, véi toc do 10 vong/phut kha
nang xir Iy cua PGo21Ca 1a 89%, khi ting toc do 15-200
vong/phut thi hiéu suit xtr Iy mau c6 xu hudéng ting, dao
dong tir 90 dén 94%. Piéu d6 cho thy rang, toc do khudy
anh hudng nhiéu trong qua trinh xir Iy d6 mau cua vat liéu
PGo21Ca, tbc d6 cang 16n thi qua trinh x40 tron cang 16m,
lam cho cac bong keo tu gén két voi nhau nhiéu hon, tao
thanh céc bong can 16n hon. Toc d khudy t6i wu ddi véi vat
liéu PGo21Ca la 120 vong/phut.

Tuong ty nhu vat liéu PGa21Ca, tbe do khqu anh
hudng nhiéu trong qua trinh xtr ly d¢ mau cua phén nhom,
tuy nhién toc d6 khudy cang 16n thi qué trinh tao x4o tron
cang 16n va lam cho cac bong keo tu bi pha vo, khac voi
PGo21Ca toc d¢ khuay tron cang nho thi kha ning tao bong
ctia phén nhém cang tét, véi tée do 10 vong/phit kha ning
xtr 1y ctia phén nhom 1a 10%, khi ting téc do 15-200 vong/
phut thi hiéu sudt xtr Iy mau c¢6 xu hudng giam xudng, dao
dong tir 10 xudng 5%. Do vy, toc do t6i uu ddi véi phén
nhom la 10 vong/phut.
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Hinh 7. Anh huéng clia toc do khudy dén hiéu qua xi ly

CHC ctia héa chat keo tu.
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Téc do khudy anh huong déng ké dén kha nang xur ly
CHC cua mdi vat liéu. B4i voi vat liéu PGa21Ca, khi tang
téc do khudy thi hiéu sudt co xu hudng ting 1én va vai toe
d6 200 vong/phiit hi¢u suat dat 1a 35%, day dugc xem la
tdc do khudy t6i uu ciia PGo21Ca (hinh 7). Tuy nhién, d6i
v6i phén nhom thi hiéu sudt c6 xu hudng giam dan khi ting
dan téc d6 khudy va tng vai tc do tdi wu cta phén nhom
15 vong/phit thi higu suat dat 13%.

Anh huong cua PGo2lCa va phen nhom dén gid tri pH:

Khi cho luong phén nhém vao dé xtr Iy nude thai dét
nhuém, pH giam nén phai dwa xGt vao dé nang pH lén
khoang cho phép quy dinh tai QCVN 13: 2015/BTNMT -
Cot B.
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Hinh 8. Anh huéng ctia lugng héa chat keo tu dén gia tri
pH.

Véi pH ban dau 1a 8, khi sir dung nong d6 PGa21Ca
t6i wu dé xur Iy d6 mau, gia tri pH giam vé 7 va khong thay
d6i khi tiép tyc ting ndng do PGa21Ca (hinh 8). Pidu nay
¢6 thé dugc giai thich nhu sau: PGa21Ca 1a mét polyme
tu nhién dugc trung hop tir poly-gamma glutamic axit, day
la mot axit yéu, PGa21Ca dugc tao thanh boi sy phéi tron
tir poly-gamma glutamic axit voi nguyén té canxi, do vay
trong ban than hoa chit keo tu PGa21Ca dugc tao thanh
van con ton tai nhiéu ion H* cua géc -COOH. Khi duoc
hoan trdn trong méi truong c6 pH cao thi cac ion H' s€ duoc
trung hoa, day 1a 1y do khién pH giam xudng. Mit khéc,
cac -COOH tao lién két hydro véi nhau, lam tang cAu trac
khong gian cia mach polyme nén cho du ting khéi luong
hoéa chat 1én thi méi truong dung dich nude van & trung tinh.
Trong khi d6, khi st dung phén nhom dé xir ly nudc thai dét
nhudm thi 1am giam gia tri pH khi tang nong d¢ phén nhom,
cu thé 1a khi ndong d6 phén nhém cho vao 1a 0,02% thi pH
1a 7, khi tang 1én 0,04-0,06% thi pH 1a 6, tiép tuc ting nong
do tir 0,08% dén 0,14% thi gia tri pH giam xudng 5, trong
khoang ndng do tir 0,16-0,2% thi pH giam vé 4, khi ting
ndng do tir 0,3% dén 0,6% thi gia tri pH 1a 3, vuot ra ngoai
gia tri pH cho phép.
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Néng d6 cta hoa chét keo tu s& anh hudng dén sy thuy
phén trong qué trinh keo ty, su gidm pH trong dung dich,
do vay s& anh huong dén hiéu suit xtr ly COD va xir Iy mau
trong nudc thai. Khi ting ndng do phén nhom ta thiy gia tri
pH giam, diéu d6 c6 nghia Ia mot luong phén dua vao nude
dé khir mau va khir cac chat khac vuot qua ngudng tbi uu
cuia hoa chit keo tu, tirc 1a pheén nhém roi vao trang thai “du
thira”, hién twong cac mudi nhom (APF*) da bi thiy phan
trong nudc cang nhiéu, cang giai phong nhiéu ion H* dan
dén hién tuong pH giam. Su giam pH trong dung dich sau
xtr 1y khi str dung qua nhiéu phén nhém ciing dugc nhiéu
nghién ctru dé cap. [4, 7, 8].

Dé xudt mé hinh tw dong héa xvv Iy nwéc thii dét
nhugm bang héa chit keo tu PGa21Ca (hinh 9)

Uu diém ciia mé hinh: Dap ing duoc kha niang xu 1y do
mau dat QCVN 13:2015/BTNMT - Cot B; khong can phai
trung hoa pH nudc sau xt ly; mo hinh co cAu tao don gian,
quan 1y van hanh va bao dudng dé& dang; lwong hoa chat
dugc dwa vao vira da dé xtr 1y sau khi nguoi sir dung da xac
dinh néng dd chét tao mau dau vao; khong ton nhiéu dién
tich dat mé hinh; mé hinh c6 ché do tu dong tu lam sach
nén dé dang vé sinh cho may moc; trong trudng hop bang vi
mach c6 van d&, mo hinh s& thiét lap h¢ théng bam tay nén
van c6 thé tiép tuc xir 1y dugce nude thai.

Nhwoc diém: M6 hinh chua ty phan tich mau dau vao

cua nudce thai, do vay chua tu dong xéc dinh dugc lugng hoa
chat can thém vao.

Hinh 9. C4u tao mé hinh ty dong héa xir ly nudc thai dét
nhuém.

Két qud van hanh mé hinh: M6 hinh dugc van hanh thi
diém 201 luot, nudc thai dét nhuom lay tir DANATEX,
dugc tién hanh véi cac thong sé nhu trinh bay & bang 2.



Bang 2. Thong s6 van hanh mo hinh.

Théng s6 Gia tri thuc hién
Thé tich nudc thai (1) 20
Luong PGa21Ca (g) 60
Thoi gian khudy PGa21Ca (phut) 10
Thoi gian lang (phut) 10
Tbc d6 khudy (vong/phut) 200
D6 mau ban déu (Pt-Co) 1.825
COD dau vao (mg/l) 490

Nudc thai sau xtr Iy bdi md hinh tyr dong hoa co gia tri
pH =7, d mau 1a 100 Pt-Co dat QCVN 13:2015/BTNMT -
Cot B (hiéu suat xir 1y dat 95%), nong d¢6 CHC 1a 322 mg/l
(hiéu suat xtr ly CHC dat 34, 01%) (hinh 10).

G

Hinh 10. MAu nudc thai trudc va sau xi ly.

Théng qua thi nghiém, chiing toi ciing tong hop chi phi
xtr 1y véi mau 20 lit nudc thai nhu sau: Voi PGa21Ca la
12.000 VND; con phen nhom (A1(SO,),.18H,0) la 2.400
VND. Tuy gia héa chat ciing nhu chi phi dau tu trong viéc
xir Iy nuée thai cia PGa21Ca dit hon so véi phén nhom,
nhung xét vé hiéu suét xir Iy mau va COD thi PGo21Ca hiéu
qua hon so v6i phén nhdm (95% so vdi 45%).
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Khoa hoc Ky thuat va Céng nghé n—

Mic du gia hoa chit PGa21Ca cao hon so véi phén
nhoém nhung két qua nghién ctru da cho thiy duogc ring,
kha nang xt ly do0 mau cua vat liéu PGa21Ca (95%) cao
hon so voi vat li¢u phén nhom (45%) dang dugc st dung tai
DANATEX. Bén canh d6, vat liéu PGo21Ca ciing gop phan
xtr Iy mot phan CHC, giam tai dugc cong suit hoat dong cia
cong trinh xtr 1y sinh hoc phia sau.

Su két hop thanh cong khi st dung vat liu keo tu
PGo21Ca va m6 hinh ty dong hoa xir 1y nudc thai dét
nhudém gop phan dang ké trong viéc nang cao higu suat xir
1y, don gian hoa trong cong tac giam sat va quan ly cuia nhan
vién trong viéc van hanh va quan 1y hé thong xtr Iy nude thai
tai doanh nghiép.

Trong tuong lai, nhém nghién ctru s& tiép tuc nghién
clru, cai tién va hudng téi mo hinh ¢ thé xur 1y duoc ca
CHC va it tiéu ton nang luong, dac biét co thé st dung nang
lwong mit troi 1am ngudn dién ning trong qua trinh van
hanh mo6 hinh.
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