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MO PAU

LGa la mét trong nhiing loai cay trong lau doi nhat, dwgc tréng lan dau tién
cach day hang nghin nim. Ngay nay, l0a gao duoc trong ¢ hon 100 qudc gia va
dugce hon mot nira dan sé thé gigi tiéu thy lam lwong thuc chinh [1]. San luong lGa
trén toan thé gioi hang nam dat khoang 700 triéu tin gao, trong d6 95 % gao duoc
san xuat ¢ chau A [2]. O Viét Nam, san luong laa trung binh hang nim khoang 40
triéu tan. Rom & mot trong nhitng phu pham chi yéu caa nganh ndng nghiép trong
lta. Néu trung binh mét tan la cho ra 1 - 1,2 tin rom thi véi san luong lda hién
nay, udc tinh lugng rom thai ra c6 thé 1én dén hon 40 triéu tan/nam, chiém khoang
62 % sinh khdi phé thai néng nghiép. Luong rom ndy thudng duoc dbt bo ngay trén
ddng ruong gay 6 nhidm méi trudng hodc sir dung 1am nhién liéu dbt, 1am thac an
trong chan nudi, trong nam,... vai gia tri kinh té thap [3]. Hon nita, qué trinh d6t
chay s& giai phong vao khi quyén cac chat nhu CO,, CO, CHa, NOX, SO,, cac
hydrocarbon thom... Nhitng chat nay gay 6 nhiém khéng khi va anh huang nghiém
trong dén stc khoe con ngudi [4, 5]. Trong khi thanh phan rom chta khoang 0,6 %
N:0,1%P;0,1%S;1,5% K; 5% Si; 40 % C, la nguén nguyén li¢u giau carbon, cé
tiém nang thay thé nguyén liéu hoa thach dang can kiét dan [6]. Do d6, gan day
nguon phu pham nay dugc cac nha khoa hoc quan tam nghién ctru dinh huéng cho
viéc san xuat nhién liéu sinh hoc [7, 8], 1am vat liéu hap phu thudc trir sau, thubc
nhudm, dau tran va ion kim loai niang [9-15] va lam vat liéu dién cuc cho pin hay
siéu tu [15-18].

Ngoai ra, vo triu ciing 1a ngudn thai sinh khéi ddi dao va gia thanh thap
trong qua trinh san xuat Ita gao. Hang nam thé gigi thai ra khoang 140 triéu tan trau
[19], con ¢ Viét Nam udc tinh trung binh phét sinh ra trén 8 triéu tin [20]. Chat d6t
tir v6 trdu duoc sir dung rat nhiéu trong sinh hoat (ndu 4n, niu thic an gia suc) va
san xuat (Iam gach, say IGa). Vo trau sau khi chay cac thanh phan hitu co s& chuyén
hoa thanh tro, trong dé silica ¢ cau tric chu yéu 1a vo dinh hinh chiém ty 1¢ phan
tram vé khdi luong cao nhat khoang 80 — 97 % [21]. SiOz tir tro trau c6 dién tich bé
mit riéng Ion va do x6p cao, 6n dinh hoa hoc tét va d6 bén cao, do d6 nod c6 tiém

nang to 16n nhu mot chat hap phu dé loai bo acid béo va sic té trong qua trinh tinh



ché dau thuc vat, kim loai nang, thudc trir sau, thuéc nhuém, cac chat 6 nhidm hiru
co khac tir nudc thai [22-26] hoac dung lam vat liéu dién cuc [19, 27].

Trong nhitng nim gan day, cac nha khoa hoc trong va ngoai nudc da va dang
nghién ctu sir dung ngudn carbon tir ngudn thai sinh khdi néi chung va rom ndi
riéng dé ché tao vat liéu carbon &ng dung lam chat hap phu va vat liéu dién cuc.
Thém nira, viéc chuyén ddi tro trau thanh SiO; tng dung lam vat liéu dién cuc dugc
cho 1a mot hudng di kinh té va bén vitng. Nham hoa nhap voi xu huéng chung cua
thé giéi vé van dé tim kiém ngudn nguyén liéu mai co gia tri kinh té cao, viéc
nghién cau ché tao vat liéu tir ngudn thai rom va tro triu ddi dao gop phan quan
trong vao viéc xay dyng mot nén néng nghiép bén viing, bao vé can bang sinh thai
la van dé cap thiét va c6 y nghia thuc tién. Tuy nhién, dén nay chwa c6 nhiéu cong
trinh nghién ciru chi tiét vé chuyén héa rom va tro trau thanh vat liéu hap phu xu ly
6 nhiém moi truong nudc va vat liéu dieén cuc cho pin Li hay siéu ty dién. T thuc
té nay, ching t6i thuc hién dé tai luan an: Nghién ciu diéu ché, céc tinh chdt ly
héa va dinh hwoéng ing dung cia vdt liéu carbon bién tinh tie rom. Myc tiéu cia
luan &n 12 i) Nghién ciru diéu ché céc vat liéu carbon tir nguon thai rom va tro trau;
if) Nghién ctu tinh chat ly hoa cia cac vat liéu carbon thu duoc va iii) Nghién cau
kha niang (ng dung caa cac vat lidu carbon thu dwoc 1am chat hap phu va vat liéu
dién cuc.

Pé tai luan an nay duoc thyc hién véi mong mubn gop phan vao giai quyét
hai van dé ¢ nuéc ta hién nay 1a nguy co gy 6 nhiém moi truong caa rom va lam
tang gia tri sir dung cua cac phu pham rom va tro trau. Két qua cua luan an 1a co so
khoa hoc m¢ ra huéng sir dung ngudn nguy@n liéu rom va tro trau trong viéc diéu
ché vat liéu carbon theo dinh hudng ung dung lam chat hap phu va vat liéu dién

cuc, tir d6 mé rong sang cac ngudn thai sinh khdi khac.



CHUONG 1. TONG QUAN

1.1. Téng quan vé vat liéu carbon c6 ngudn géc sinh khdi thuc vat

1.1.1. Gidi thigu chung vé vt liéu carbon tir sinh khéi theec vt

Sinh khdi thuc vat lignocellulose 1a chat khd thuc vat c6 thé duoc coi la vat
liu doi dao nhit trén trai dat. Hién tai, vat liéu lignocellulose 1a ngudn tai nguyén
tai tao duy nhat c6 chara ngudn carbon c6 thé chuyén di thanh cac san pham & dang
ran, long va khi. Do can kiét trit luong dau tho va ting tiéu thu nang luong toan cau,
nhiéu qudc gia dang dua vao sinh khdi dua trén carbon nhu mét ngudn thay thé cho
san xuat nhién liéu va cong nghiép hoa chat. Sinh khdi lignocellulose c6 thé duoc
phan loai thanh (1) chat thai ndng nghiép phat sinh chu yéu tir cac hoat dong ndng
nghiép va canh tac khac nhau, (2) ciy ning lwgng duoc trong dé san xuat nhién liéu
sinh hoc hoic dién, va (3) tan du 1am nghiép tir cac khu vuc khai thac go va hoat
dong quan ly. Hinh 1.1 md ta san luwong thdng k& toan cau vé sinh khoi
lignocellulose [28].
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Hinh 1.1. San luong thong ké toan cau vé sinh khdi lignocellulose
Hau hét sinh khdi lignocellulose bao gdm 35-55% cellulose, 20-40%
hemicellulose va 10-25% lignin. Thanh phan khéc nhau tiy theo loai sinh khéi, dia
phuong, diéu kién khi hau va dat noi n6 phat trién [29]. Hinh 1.2 gii thiéu cau tric

cua céc lignocellulosic co trong sinh khéi thuc vat [30].
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Hinh 1.2. Cau tric cua cac lignocellulosic cua sinh khoi

Cellulose (cong thac chung (CsH100s)n) 1a mot chudi polysaccharide dai véi
do6 trung hop cao (n ~ 10.000) va duoc hinh thanh tir cac géc D—glucopyranose boi
lien két 1,4 glycoside. Cellulose khong tan trong nuéc ¢ nhiét d6 phong. Trong
khi d6, hemiaellulose 1a mot polysaccharide phan nhanh, di vong va cé do trung hop
thip hon cellulose (n ~ 100 — 200). Hemicellulose it bén hon so véi cellulose va vi
vay n6 bi phan hay dé hon khi dugc xir Iy nhiét. Nguoc lai, lignin ¢6 ciu triic thom
cao phén tir chua cac nhom hydroxyl (-OH), nhdm methoxy (-OCHs) va nhan
benzene [31]. Trong thanh té bao, cac polymer ndy tao thanh cac cau tric 3 chiéu
phtic hop rat on dinh duoc goi 1a lignocellulose, trong d6 cellulose dugc bao quanh
bai mot 16p don hemicellulose va dugc nhdng trong mot ma tran hemicellulose va
lignin (Hinh 1.3) [32]. Nhin chung, cellulose cung cap d6 bén cho thanh té bao,
trong khi hemicellulose hoat dong nhu moét lugi thép chay quanh cellulose va giup
tang cudng do bén va lién két. Lignin lap day khong gian con lai va dit moi tha vao
dung vi tri va loai trir nuéc khoi méi truong polysaccharide. Sy két hop doc déo nay
dan dén tinh khang cao cua sinh khdi lignocellulose ddi véi sy phan hay co hoc va
sinh hoc [28].
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Hinh 1.3. Biéu dién lién két caa hemicellulose véi cellulose va lignin

Sinh khéi lignocellulose c6 cau tric bén viing ngan chin qua trinh thity phan
va lén men sinh khéi bang dung mai va vi sinh vat, day 1a mot thach thuac doi voi
viéc str dung hiéu qua céc thanh phan c6 trong sinh khéi. Do dé, giai doan tién xur ly
thuong duoc yéu cau dé pha v cau tric phuc tap cua sinh khéi va do dé tiang kha
nang thu hdi céc thanh phan va dam bao tinh kha thi vé mat kinh té cua quéa trinh
chuyén doi sinh hoc. Trong nhitng nam qua, cac phuong phap tién xir ly khac nhau
nhu ty thay phan, thuy phan trong axit lodng, kiém, mubi vo co, nd hoi nuéc va
chat long ion da duoc cac nha nghién ciu xem xét ki ludng [28].

Tai Viét Nam, nguon sinh khdi tiém ning dat hon 99 triéu tin mdi nam,
trong d6 Pong bang séng Ctru Long (PBSCL) chiém 33,4 % tong lwong d6. Ving
PBSCL c6 tiém ning 16n dé sir dung niang lugng dién sinh khéi tir phu pham néng
nghiép nhu rom ra, vé trdu, bd mia, than bap va phén gia stc, vi chung duoc san
xuat doi dao ¢ khu vuc nay. Dua trén thong ké cua Vién Ning luong vao nam 2016,
luong phu pham ndng nghiép cé thé thu gom tir ving PBSCL 1a khoang hon 23
triéu tan mdi nam. Trong sd d6, c6 khoang 17 triéu tin rom ra; 3,8 triéu tan trau vo;
1,4 triéu tin b& mia va 372.000 tin than bap. Vi vay, viéc phat trién ning luong tai
tao tir sinh khéi phu pham néng nghiép ¢ Viét Nam va BPBSCL c6 tiém ning cao
[33].



Bén canh do, con rat nhiéu cdng trinh nghién ciru tan dung ngudn phu pham
ndng nghiép doi dao cua Viét Nam nhu diéu vat liéu hap phu xir Iy méi trudng nudc
6 nhiém. Pién hinh nhu nhoém tic gia Nguyén Vin Hung va cong su di co nhiéu
cong b vé tong hop vat liéu silica tir trau [34, 35], than hoat tinh tir hat nhan [36]
tng dung hap phu chat mau; nhém tac gia Nguyén Thi Hanh va cong su diéu ché
vat liéu hap phu arsenic tir rom [37]; nhém tac gia Ha Thac Chi Nhan va cong su
tong hop vat liéu silica tir vo trau ang dung xir Iy kim loai niang trong nuéc thai
céng nghiép [38]....

1.1.2. Cac phwong phdp diéu ché vat ligu carbon tir sinh khai thuc vat

1.1.2.1. Phurong phdp vat ly

Cac phuong phap hoat hda vat ly thuong sir dung cac khi cé tinh oxi héa nhu
hoi nuéc, khdng khi, CO2 hoac N2 vai nhiét do cao tir 800 - 1000 °C. Phuong phap
nay c6 kha ning tao ra than hoat tinh véi do xp cao va duoc coi 1a phuong phap
than thién véi moi truong vi khdng st dung cac hda chat khac. Tuy nhién, phuong
phap hoat hoa nay c6 mot s nhuoc diém nhu thoi gian thuc hién kéo dai va yéu cau
nhiét d6 cao, dan dén viéc tiéu ton ning lurong dang ké.

1.1.2.2. Phuong phap hoa hoc

Phuong phap hoat héa hda hoc thuong tién hanh bang cach sir dung cac chat
hoat héa nhu base (NaOH, KOH, K,COs, Na,CO3), acid (HsPO4, H,SOy), va mudi
(ZnCl,, FeCls,...) Qua trinh nay két hop nguyén liéu ban dau hoic san pham sau qua
trinh chuyén doi cua than véi tdc nhan hoat hoa theo ty 1& nhat dinh. Hoat hoa héa
hoc thuong dién ra & nhiét 6 thap hon (450 - 900 °C) va dem lai hiéu suat 16n hon
S0 V6i phuong phép hoat hda vat ly. San pham két qua tir phuong phap nay thuong
c6 d6 x6p cao hon va dién tich bé miat Ion hon so véi hoat hda vat ly. Mac du c6
mao quan véi do rong thudng nho hon. Tuy nhién, sau khi hoat héa, can tién hanh
rira than nhiéu lan dé tach cac chat phan ung hodc tac nhan hoat héa con lai, va
luong nudc thai sau qua trinh rira cd thé tac dong dén méi trudong xung quanh.

Hoat hoa bang kiém

C4c tac nhan hoat héa trong truong hop nay 13 kiém, va nhiét d6 hoat hoa
thuong 13 khoang 800 °C. KOH sé& tao ra than hoat tinh c6 nhiéu mao quan nho,

trong khi NaOH s& tao ra than hoat tinh khdng ¢ trat ty. Khi sinh khéi duoc ngam



trong NaOH, NaOH s& tham th4u sau vao vat liéu va tao ra phan ng cit mach trong
sinh khéi.

Khi c¢6 su hién dién cua tdc nhan hoat héa KOH, phan @ng chi yéu dién ra
gitra carbon va KOH, tao thanh kim loai K. Kim loai nay sé duoc loai bo trong quéa

trinh rira sau do, va gép phan hinh thanh mao quan trong than.

6KOH + C —» 2K + 3H; + 2K,CO4 1)
Ngoai ra, con ¢ thé xay ra cac phan @ng sau:

2KOH — K,0 + H,0 ()

C +H,0 —» CO + H, (3)

CO +H,0—> CO;, +H; (4)

CO, + K,0— K,CO3 (5)

K,CO; +2C — 2K +3CO (6)

Hoat hoa bang HsPO4

Té4c nhan H3POs duoc ding dé diéu ché than hoat tinh tir nhiéu loai vat liéu
lignocellulose khac nhau. Trong qué trinh ngam, phosphoric acid ton tai duéi dang
HsPO4 va polyphosphoric acid (dang don gian nhat 1a HsP207). Khi gia nhiét hdn
hop sau than hda trong dung dich HsPOa, ching s& chuyén hoé thanh HaP207 va
HPO3. Ca hai acid nay déu co tinh chat acid manh, tao diéu Kién ting cuong qua
trinh dehydrate hoa vat liéu lignocellulose.

Cac co ché chinh cua sy hoat hda biang HsPO, bao gom depolymer hoa,
dehydrate hoa va tai phan bd. Bén canh d6, phan ung giita phosphoric acid va
nguyeén lidu tao ra san pham dang hat hoac cac chat d& bay hoi, dong gdp vao qua
trinh hinh thanh céc 15 xdp cho than hoat tinh.

Hoat hoa biang FeCls

O giai doan than hda trong khoang nhiét d¢6 200 — 300 °C, tac nhan hoat hoa
FeCl; lam dut cac lién két glycoside cua cellulose va mudi ngam nuéc bi phan hiy
tao thanh FeOOH theo cac phuong trinh sau:

FeCl; +2H,0 — FeOCI.H,0 + 2HCI(K) (7)

FeOCI.H,0 — FeOOH + HCI(K) (8)
O nhiét d6 cao hon (khoang 330 — 700 °C) s& tao thanh Fe,03 va Fe;0y:



2FeOOH — Fe,05 + H,0 (9)

2Fe,0; + C — 2Fe;0, + CO (10)
O nhiét do cao hon nita (> 700 °C) s& c6 su khir oxide vé Fe:

2Fe,0; + 3C — 4Fe + 3CO, (11)

Fe;0, +2C — 3Fe+ 2CO, (12)

Fes0, +4C — 3Fe+4CO (13)

Hoat héa bing ZnCl

Téc nhan ZnCl, 1a mot trong nhitng chat phd bién dugc 4p dung rong réi
trong qua trinh kich hoat than hoat tinh tir ngudn sinh khéi néng nghiép c6 chaa
lignocellulose. Céc nghién ciru cho thay riang ZnCl, dong vai trd hd trg quan trong
trong viéc tach nudc, phan tach cau tric cac phan tir cellulose va thuc day qué trinh
bay hoi cua cac phan tir dé bay hoi. Diéu nay xuat phat tir viec ZnCl, khdng tac
dong truc tiép 1&n C, gilp cai thién hiéu suat tong hop than hoat tinh so v&i viéc st
dung cac phuong phap khac.

Nhiét do sbi cua ZnCl,, khoang 732 °C, thuong cao hon nhiét d6 hoat héa
(500 - 650 °C). Do vay, can luu ¥ rang sau khi hoat hod, ZnCl, can phai dugc ria
sach dé loai bo nhitng luong chat con du trong san pham than hoat tinh. Tuy nhién,
diéu dang chl y 12 ZnCl; c6 thé dugc thu hdi va tai st dung trong thyc té sau qué
trinh st dung [30].

1.1.2.3. Phurong phdp carbon hoa thuy nhiét (HTC)

Ngoai cac phuong phap ky thuat gia nhiét truyén thong nhu sir dung 16 dién,
16 @6t than, 10 dot khi,... hién nay ciing ¢ su quan tim dang ké d6i voi phuong phap
thuy nhiét trong cac nghién ciru gan day. Phuong phap nay két hop hai yéu t6 quan
trong 1a su gia nhiét va &p suét tu sinh dé tao ra diéu kién tdi wu cho qué trinh
chuyén hoa cac chat. Trong qua trinh thuy nhiét, chat liéu dugc dat trong moi
truong nuéc hoic chat long khac, sau d6 ap suat trong hé duoc tao ra do su phat
sinh hoi nudc hay chat long khi dun néng. Su két hop nay tao ra méi trudng dic
biét, c6 kha ning tang té¢ qua trinh hoa hoc, dong thoi giam thiéu sy oxi hoa hay
phan hay chat. Phuong phap thuy nhiét két hop &p suét tu sinh trong hé khong chi

gitip ting hiéu suat chuyén doi cua cac qua trinh, ma con giam thiéu tac dong tiéu



cuc dén moéi trudng do str dung chat xdc tac va nhiét do cao. Biéu nay gop phan lam
tang tinh bén vitng va hiéu qua cua qua trinh cong nghé trong linh vuc gia nhiét va
chuyén hoa cac chét.

Nhiét do caa qua trinh HTC dao dong trong khoang 160 °C — 270 °C dbi véi
cac qua trinh di dugc xac dinh 1a chi xay ra & nhiét d6 tdi thiéu 1a 300 °C. Ap suat
can dugc duy tri du cao sao cho nudc ton tai dwoc ¢ trang thai long (10 — 40 bar).
Trong diéu Kién nay, dudi 4p suat cao nudc c6 kha ning tao ra nhiéu ion hon so voi
& diéu kién &p suat théng thuong, do vay nudc ¢d kha nang hoat dong nhu tién chat
xUc tac acid / base va c6 kha nang déng vai tro vira 1a dung madi vira la chat phan
ing hodc dong vai trd nhu chat xdc tac vira la san pham. Phuong phap HTC 1a mot
phuong phap day hta hen trong chuyén héa cac phé pham néng nghiép hiéu qua
cao [39, 40].

Thong thuong dé tao vat liéu carbon tir sinh khéi, nguoi ta st phuong phap
nhiét phan trong moi truong khi tro ¢ nhiét d6 cao khoang 500 — 600 °C. Tuy nhién,
phuong phap nay c6 cac nhuoc diém la nguyén liéu ban dau phai c6 d6 am thap, can
qua qua trinh sdy khd va phan tng xay ra ¢ nhiét do cao gay tiéu tén ning luong.
Phuong phap HTC la qué trinh chuyén héa nhiét méi. N6 dugc coi 1a mot giai phap
than thién moi trudng dé thu duoc cac vat lidu carbon khac nhau dudi diéu kién
nhiét 46 ém diu. Hon nira, phuwong phap HTC con c6 uu diém so véi phuong phap
nhiét phan truyén thong 1a c6 thé xir ly cac nguon sinh khdi co d6 am cao [41].

Vi vay, ching t6i chon sir dung phuong phap carbon hoa thuy nhiét két hop
Vi cac tac nhan hoat hod hoé hoc lam phuong phéap diéu ché vat liéu chinh trong dé
tai luan an nay.

1.2. Mét s6 &tng dung pho bién ciia rom va tro trau

1.2.1. Ung dung phé bién ciia rom

1.2.1.1. Sz dung trong ndng nghiép

Xir ly dat

Theo truyén théng, phan I6n rom dwoc san xuit da duoc dét trén ddng rudng,
day 1a mot phuwong phap xir Iy nhanh chong va dé dang. Tuy nhién, diéu nay dan
dén viéc tao ra 6 nhidm khi quyén tir khoi va khi nha kinh [42]. Vi vay, viéc két hop

rom vao dat 1a mot bién phap phd bién dé cai thién d6 phi nhiéu [43] va dé chdng
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lai cac tac dong bat lgi ciia hoat dong ndng nghiép kéo dai [44], nhung tac dong cua
n6 1am tang phat thai khi methane 1a mot méi quan tam [45].

Chan nu6i

Rom thudong duoc sir dung 1am chat don chudng cho gia suc va lam thic an
chan nudi. TAt ca cac dong vat co xuong sdng déu thiéu enzyme dé phé va cac lién
két B-acetal, trong khi d6 dong vat nhai lai dya vao vi khuan cong sinh dé phan huy
cellulose trong duong tiéu hda. Tuy nhién, rom kho c6 kha ning tiéu hoa han ché,
gia tri dinh dudng kém do ham luong protein thap va ham lugng lignin, silica cao.
Do d6, nguoi ta thuong chuyén n6 thanh thirc an @ chua dé cai thién kha nang cung
cap chat dinh dudng [46, 47].

M&éi truedng san xuat ndm

Mot sb loai nam c6 thé phan hay cac vat liéu lignocellulose va viéc trong
ching cho thay hiéu qua kinh té va than thién voi méi truong do tan dung ngudn
chat thai ndng nghiép. C6 nim loai nam phd bién gém Agaricus, Pleurotus,
Lentinula edodes, Volvallella volvacea va Ganoderma phi hop dé trong trén chat
thai ndng nghiép, trong do, loai Pleurotus hién tai dugc trong phd bién trén rom [48].

1.2.1.2. Téi tao nang luong

Ciing nhu cac chat thai hitu co khac, rom c6 thé duoc sir dung dé san xuét
nang luong, bao gom ethanol, khi sinh hoc va dau sinh hoc, ciing nhu dét truc tiép.
Ethanol 1 nhién liéu sinh hoc dugc str dung rong rdi nhat cho giao théng van tai,
nhung viéc san xuat n6 tir nguyén lidu lignocellulose van con kém phat trién do ham
lugng silicon va lignin cao, gay uc ché qua trinh 1én men [49]. Tuy vay, rom van la
ngudn lignocellulose tai tao dbi dao, do d6 can loai bo lignin trude khi co thé thuy
phan carbohydrate dé san xuat nhién liéu sinh hoc [50].

1.2.1.3. San xudt gidy va bgt gidy

Trong nhitng nam gan ddy, cung véi sy phat trién cia nganh cong nghiép
gidy va bot gidy, nhu cau vé nguyén liéu san xuét gidy ciing ting 1én. Diéu nay dan
dén ngudn tai nguyén g dan can kiét va gia ca leo thang. Hién c6 3 loai nguyén liéu
lam gidy 1a gd, phi gb va gidy vun tai ché. Viéc tim kiém céac vat liéu lam gidy khéc
la mét trong nhitng giai phap cho van dé nay. Rom la vt liéu soi phi g6; n6 1a mot

trong nhitng chat thai ndng nghiép phong phi nhat va 1a ngudn sinh khdi tai tao.
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Phuong phap chu yéu sir dung ddi v6i rom 1a phuong phap soda truyén thong dé
nghién thanh bot va cac diéu kién van hanh dién hinh doi hoi lidu luong xat 1a 12 —
16 % va nhiét d6 tir 140 dén 170 °C [51]. Tuy nhién, lignin chta trong dung dich
nghién bot duoc tao ra trong qua trinh nghién bot dé san xuat gidy 1a mot van dé xir
Iy d6i véi nganh cong nghiép gidy va bot gidy [52].

1.2.1.4. San xudt chdt hap phu dé kiém sodt méi truong

Trong qué trinh phét trién bén vitng, viéc sir dung mot chat thai nay dé kiém
soat & nhiém do chat thai khac gdy ra c6 y nghia quan trong déi véi viéc cai thién
c4c van dé méi truong. VE mat ndy, rom duoc sir dung 1am chat hap phu méi truong
& dang ty nhién va sau nhiéu hinh thic xir Iy khac nhau dé cai thién kha niang hap
phu caa ching.

Rom chwa qua xir ly

Rom chua qua xtr Iy 1a mot chat hap phu ré tién dé loai bo kim loai ning khoi
nuéc bi 6 nhiém [53]. Kha ning hap phu thay di theo ca ion kim loai va pH cua
nudc [54], do @6 bi anh hudng manh meé béi su hinh thanh kim loai cling nhu thanh
phan ciia bé mat rom. Tuy nhién, hau hét cac ion kim loai nang cho thay sy hap phu
t6i da gan pH 5 [55]. Rom c6 thé duoc st dung lam chat hap phu cho céc chat &
nhiém nudc khac nhu cac hop chét phenolic va cac loai anion néi chung [56].

Rom bién tinh héa hoc va sinh hoc

Mic du rom tu nhién dugc st dung rong rdi 1am chat hap phu, nhung cac
phuong phap xir 1y ciing d3 duoc dé xuat dé cai thién pham vi ung dung cta ching
dé loai bo khoi nuéc céc cation, anion va cac phan tir trung hoa dién tich. Di voi
trng dung hap phu thudc nhudm cation, rom dugc bién doi bang citric acid, 1am ting
dién tich bé mat riéng va kich thudc 16 x6p va dugc sir dung dé hap phu dung dich
cua xanh methylene [57]. Su hap phu xanh methylene ciing duoc sir dung dé ching
minh kha ning hap phu thudc nhuém cation cua lignocellulose tir rom thay phan
bang enzyme duoc xir 1y trudc bang FeCls [58]. Rom ciing ¢ thé dugc bién do6i dé
c6 kha nang trao di anion, thé hién qua kha nang hap phu sulfate manh sau khi dwa
vao cac nhém epoxy va amino thdng qua phan tng véi epichlorohydrin va

trimethylamine [59].
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Rom duoc xt Iy bang vi sinh vat ciing c6 tiém ning phat trién thanh chat hap
thu sinh hoc. San pham tir qué trinh 18n men véi nAm Aspergillus Niger gitp loai bo
nhanh Cu(ll) khéi dung dich nuéc & pH 4,0 — 6,0 [60], su két hop gitra bot rom va
nam trang P.chrysosporium loai bo xanh methylene khoi nuéc thai [61]. Trong do,
kha nang hap phu duoc cai thién so véi rom tho 1a do su ra doi ciia cac nhoém chic
ning c6 kha ning thai sit trén bé mit rom.

Than sinh hgc va than hoat tinh

Céc phuong phap xir 1y khac nhau duoc sir dung dé ting do xop va kha niang
hap phu cua than sinh hoc. Thoi gian va chi phi san xuat than sinh hoc ¢6 thé duoc
giam thiéu bang cach st dung 10 vi séng, san pham cé kha nang hap phu 16n hon so
véi than sinh hoc duoc san xuat bang phuong phap nhiét phan thong thuong [62].

Ngoai ra, than hoat tinh dugc diéu ché tir rom bang phwong phap carbon hoa
va kich hoat KOH c6 kha niang hap phu cao ddi véi dung dich nudc bisphenol A [63]
va thubc trr sdu carbofuran  (2,3-dihydro-2,2-dimethylbenzofuran-7-yl
methylcarbamate) [9], trong khi than hoat tinh bién tinh bang qua trinh oxi hoa
KMnOj4 c6 thé loai bo fluoride khoi nudc ty nhién [64]. Hon nira, than hoat tinh tir
rom c0 thé canh tranh véi cac chat hap phu khéac hién dang duoc st dung dé loai bo
As(111) khoi nuwéc ngam [65]. Tuy nhién, van c6 nhitng nd luc tiép tuc nham phat
trién cac phuong phap dé cai thién hiéu suat d6i voi cac van dé 6 nhidém cu thé.

Nhu vay, ¢6 thé thay rang sinh khéi rom c6 rat nhiéu ang dung da va duoc
nghién ciu. Tuy nhién, day van la ngudn nguyén liéu tiém nang thu hit nhiéu sy
quan tdm cia cac nha khoa hoc trén thé giéi. Do dé, chung t6i chon rom lam
nguyén liéu chinh dé diéu ché vat liéu carbon va dinh hudng tng dung trong hap
phu xir Iy méi truong nudc 6 nhiém va cong nghé tich trit ning luong.

1.2.2. Ung dung phé bién ciia tro trédu

1.2.2.1. San xudt chdt hap phyu dé kiém sodt méi truong

Tro trau 1a san pham ran cua qué trinh d6t chay vo trau véi thanh phan chi
yéu 1a silica c6 kha ning ¢ng dung trong kiém soat 6 nhidm va bao vé méi trudng
[66]. Tro trau hap phu tét cac kim loai nang, chang han nhu chi va thuy ngan [67],

Vvé6i su hap phu duoc vu tién béi kich thude hat nho, pH dung dich cao. Ngoai ra, tro
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trau bién tinh bé mit bang hydroxide aluminium c6 kha ning hap phu tét fluoride
[68] va cac loai thudc nhudom khac nhau nhu methylene xanh, congo do,... [69, 70].

Tro trdu ciing 13 mot chat hip phu tét dé loai bo tap chat khoi dau diesel sinh
hoc nho ham lugng silica cao va sy hién dién cua cau trlic mesopore va macropore
[23]. Gan day, Zou va Yang [1] d3 xem xét nhiéu phuong phap khac nhau dé san
xuit silica va silica aerogel tir tro trau, cung véi cac yéu td anh hudng dén tinh chat
vat ly va hoa hoc cta chdng.

Tai Viét Nam, da c6 nhiéu cong trinh tan dung nguén silica tir vo trau sau khi
tro hod, mot ngudn phé pham phong pha trong linh vuc ndng nghiép véi truyén
thong trong lda tir 1au doi. Gan day, vao nam 2020, mot nhém tac gia thuoc Truong
bai hoc Khoa hoc Ty nhién, PHQG-HCM [38], da thanh cong trong viéc xac dinh
diéu kién t6i uu va xay dung quy trinh diéu ché silica tir v6 triu. Sau qua trinh diéu
ché, silica dugc thu duge c6 ham lwgng nguyén t Si cao, dat trén 98%, ton tai &
dang v6 dinh hinh va c6 cau tric x6p véi nhiéu nhom silanol trén bé mat. Cac tinh
chat nay 1am cho silica c6 kha ning tng dung rong rai trong viéc ché tao vat liéu
hap phu kim loai ning. Két qua nghién ciru ndy mang y nghia 16n trong viéc tai ché
va tan dung vo trau thanh mot nguon tai nguyén quan trong, dong thoi mo ra co hoi
phét trién céac vat liéu hap phu hiéu qua va bén viing trong linh virc méi truong va
cong nghé.

Nam 2021, mot nhdm tac gia khac thuoc Truong Pai hoc Khoa hoc Tu nhién,
PHQG-HCM [71] d3 cong bd cong trinh st dung vo trau dé chiét xuat silica, nham
tong hop zeolite 4A c6 kha nang hap phu ammonia trong khi thai. Mau tro trau thu
dugc ¢ do tinh khiét cao, vai ti 1 SiO; trén 97 %, két tinh dudi dang nhiing khoi
lap phuong va dién tich bé mat riéng 1a 2,549 m?/g. Bong thoi, kha niang xir ly
ammonia cia san pham zeolite 4A cho hiéu suat khoang 70 % va dung luong hap
phu bédo hoa la 7,26 mg/g.

Vao nam 2022, mot nhom tac gia thudc Truong Pai hoc Su pham Ky thuat
Thanh phé H6 Chi Minh [72] da tién hanh nghién ctu vé viéc tng dung zeolite tir
tro trau trong qué trinh hap phu xanh methylene trong nudc thai. Muc tiéu cua
nghién ctru 1a tan dung nguén phu pham ré tién va phé bién tai Viét Nam ma khang

can tién hanh bat ky tién xir 1y nao trudc do. Vat liéu zeolite duoc tong hop tir tro
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trdu da cho thdy kha ning hap phu xanh methylene véi dung lwong hap phu cuc cao,
va dang cht ¥ 1a co thé tai sir dung téi 4 1an véi hiéu suat hap phu on dinh la 76%.
Két qua cua nghién ctru nay da khang dinh tiém ning tng dung rong réi cua zeolite
tir tro trau trong viéc xir ly cac chat mau hitu co trong nudc thai. Pay 1a mot tién dé
quan trong cho c&c nghién ciu tiép theo vé viéc xir Iy cac van dé moi truong nhu xur
ly kim loai ning hay céc loai chat khi khac trong nganh cong nghiép va san xuat.
Viéc sir dung ngudn phu pham nay c6 thé gilp giam thiéu tac dong tiéu cuc dén moi
truong va toi uu héa viéc tan dung tai nguyén tu nhién hiéu qua.

Nhom nghién ciru di cong bd hai bai bao lién quan dén viéc diéu ché va tng
dung hat nano SiO tir tro triu trong qué trinh hap phu xanh metylen [34, 73]. Cac
bai béo nay tap trung vao viéc nghién ciru va danh gia kha ning hap phu xanh
metylen cua hat nano SiO2 tir tro trau, va st dung cac phuong phap hoa tan - két tia
dé diéu ché vat liéu nay. Qua d6, nhom nghién ciru da dat duoc cac két qua tich cuc
vé kha ning hap phu va tai sir dung cua vat liéu nano SiO2 tir tro trau trong viéc xu
ly chat mau hitu co trong nudce thai. Cac cong trinh ndy gép phan quan trong trong
viéc tan dung ngudn phu pham tir tro trau va tng dung nd vao cac giai phap xu ly
moi trudng va tai ché tai nguyén.

1.2.2.2. Vat liéu xay dung

Céc tng dung khac nhau cua tro trau cho cac san pham duing trong nganh xay
dung bao gom chat don, chat phu gia, chat mai mon, chat hap phu dau, chat tao
huyén pht cho men st va thay thé mot phan xi mang. Tuy nhién, mdi tng dung yéu
cau cac thudc tinh va su phi hop cu thé cua tro trau trong diéu kién san xuat [74].

Viét Nam ding hang tha hai thé giéi vé linh vuc xuat khau gao nén ngudn
phu pham gom rom va vo trau vo ciing phong pht. Ngoai ra, trong cac nha may loc
sinh hoc va nganh cong nghiép giay, sinh khdi thuong duoc xir ly kiém trude dé
loai bo lignin. Cong doan nay thai ra mot luong 16n dung dich den chtra thanh phan
chinh 1a lignin, cé thé dugc nghién cau st dung lam vat liéu carbon [75]. Vi thé,
viéc nghién cttu chuyén héa céc phu pham ndng nghiép nay thanh vat liéu carbon va
silicon thay thé cho cac ngudn nguyén liéu dang sir dung hién nay c6 ¥ nghia thuc

tién cao.
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1.3. Giéi thiéu vé thudc nhuém xanh methylene va arsenic

1.3.1. Gigi thigu vé thusc nhugm xanh methylene

Thudc nhuém xanh methylene (MB) duoc sir dung rong réi trong nhiéu linh
vuc khac nhau nhu héa hoc, y hoc va cdng nghiép, dic biét 1a dung lam pham
nhudm trong nganh céng nghiép dét may. Tuy nhién, gan day né dugc phat hién Ia
chat doc hai ddi v6i con ngudi va méi truong. MB c6 thé gay bong hoic thuong tat
vinh vién cho mat, lam tang nhip thé hoic tao ra cam giac nong rat khi nuét qua
miéng va nhiéu triéu chizng nguy hiém khac...[76]. Do dé, su c6 mat cia MB trong

nudc thai 1a diéu khdng mong mudn va viéc loai bo né 1a yéu cau bat bugc.
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Hinh 1.4. CAu tao phan tir MB

Hon nita, MB di duoc biét nhu 1a loai thubc nhuom cation véi cong thirc hoa
hoc 1a C16H1sCIN3S va cdng thirc ciu tao nhu Hinh 1.4. Trong cac cong trinh nghién
ctru ing dung phuong phap hap phu dé xir 1y nuée thai, nguoi ta thuong sir dung
MB nhu mét loai thudc thir dé khao sat kha niang hap phu caa cac vat liéu trong moi
truong nude, dic biét 1a cac dong vat lieu cd bé mat chaa cac nhom chire tich dién
am. Trong nghién ctiru ndy, chat mau MB ciing duoc str dung véi muc dich danh gia
kha nang hap phu cua vat liéu carbon thu duoc.

1.3.2. Giéi thiéu chung vé arsenic

1.3.2.1. Dang tén tgi cia arsenic trong tu nhién

Arsenic hay thach tin 1a nguyén t6 thi 33 trong bang phan loai tuan hoan. N6
dugc Albertus Magnus ¢6 1ap dau tién vao nam 1250. Trong tu nhién arsenic c6 mat
trong d4, dat, nudc, khdng khi, thuc vat va dong vat. Arsenic diing thi 20 vé& muc
d6 pho bién trong tu nhién; chiém khoang 0,00005 % trong vo trai dat; thir 14 trong
nudc bién va thir 12 trong co thé nguoi vé ham luong nguyén tb [77].

Arsenic 12 mot & kim, ton tai & céc dang hda tri c6 sé oxi héa -3, 0, + 3
(arsenite, As[I11]) va +5 (arsenate, As[V]). Vi s6 oxi hoa -3, va 0 rat hiém gip, nén

khi gigi thiéu vé tinh chét cua arsenic thuong tap trung vao As(l11) va As(V). Asen
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tao thanh ca hop chat hitu co va vo co. Cac hop chat vo co cua arsenic bao gom
hydride (arsine), cac halide, cac oxide, cac acid va cac sunfide. C&c dang arsenic
hiru co thuong gap trong nudc la methyl va dimethyl arsenic (Hinh 1.5). Céac dang
methylated arsenic, chang han nhu monomethylarsonous acid (MMA (l11)),
monomethylarsonic acid  (MMA(V)), dimethylarsonous acid (DMA (l11)),
dimethylarsonic acid (DMA (V)) c6 thé duoc hinh thanh qua su methyl héa sinh

hoc bai cé&c vi sinh vat dudi diéu kién thuan lgi [77].

o o
As!l! HO AsY OH
PN
HO OH I
Arsenite O Arsenate
O o
Asll! HO—— As'—— CH
3
/ \
HO CH; | ‘
Methylarsenite o Methylarsenate
o
As m H 30_ A 5\-" CH 3
H;C CH;
0
Dimethylarsenite Dimethylarsenate

Hinh 1.5. Cac dang cua arsenic trong nudc

Mot cach tong quat, arsenic thuong ton tai ¢ dang As(V) trong nudc mit va
As(II) trong nudc ngam. Nhung chinh thé oxy hoa khir (Eh) va pH la cac yéu t6
quan trong quyét dinh cac dang ton tai cua arsenic. Dudi diéu kién oxi hoa, As(V)
t6n tai chi yéu dudi dang H2AsO4 & pH thap (thip hon 6,9), trong khi d6 HAsOs*
chiém wu thé & pH cao hon (H3AsOs va AsOs% chiém wu thé & pH cyc thap hoic
cuc cao). Dudi diéu kién khir va pH thap hon 9,2; As(III) nam chu yéu ton tai dudi
dang phan tir trung hoa HsAsOz (Hinh 1.6) [77].
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1.3.2.2. Dgc tinh cua arsenic

Doc tinh va tinh di dong cua arsenic duoc xac dinh baéi trang thai oxi hda cua
n6, do d6 hanh vi cua arsenic sé thay doi tly thudc vao cac dic tinh sinh hoc cua
nudc. NOi chung, cac dang arsenic vo co ¢6 doc tinh cao hon va di dong hon so véi
cac dang arsenic hiru co va arsenite dugc coi la doc hon arsenate. As(l11) tan trong
nuéc nhiéu hon so véi As(V) 4 dén 10 lan ciing dd dugc ghi nhan. Hon nita, c4c
nghién cau cho thay As(lll) doc gap 10 lan so véi As(V) va 70 lan doc hon
MMA(V) va DMA(V). Tuy nhién, cac dang methyl arsenic (I11), tac 1a MMAC(III)
va DMA(II1) doc hon so vai arsenic vé co bai vi ching ¢6 nhiéu kha ning gay ra sy
pha huy DNA [77].

Sy 6 nhiém arsenic thuong duoc phat hién trong cac mach nudc ngam.
Nguyén nhan co ban la do sy hoa tan cic hop chat c6 sin trong thach quyén.
Arsenic xam nhap vao co thé chu yéu qua dudng an udng, phoi nhiém qua da hoac
tir me sang con trong qua trinh mang thai va cho con bi. Néu nhiém doc arsenic &
ham luwong cao c6 thé gay ra nhiém doc cap tinh, ung thu bang quang, ung thu da,
ung thu gan va bién d6i gen. Vé6i luong nho chat doc arsenic s& ¢6 tac dung man
tinh tic 1a s& khong gay tir vong tie thi nhung s& tich tu dan dan trong co thé dén

mot ngudng nhat dinh du I6n s& gay cac bénh nguy hiém cho con ngudi. Céc triéu
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ching ctia nhidm doc arsenic man tinh thudng lién quan dén céc ton thuong vé da
nhu thay doi sic t6 da, gy day sung va dic biét 1a ung thu da. Thoi gian tich luy
doc t6 arsenic thuong tir 3 nam trd 18n tuy theo mirc d6 phoi nhidm. Cac triéu ching
bénh cd thé sém hon néu udng phai ngudn nudc bi & nhiém arsenic voi nong do
vuot qua 0,05 mg/L [78].

1.3.2.3. Tinh hinh 6 nhiém arsenic Viét Nam

O Viét Nam, tinh trang 6 nhiém arsenic trong nudc ngam dang bao dong.
Theo Té chuc Y té Thé giéi va cong dong chau Au, My ciing nhu Viét Nam hién
nay vé chat lugng nudc an udng (QCVN 01/2009/BYT), gigi han cho phép cua
ndng do arsenic trong nudc 1a 10 pg/L. Trong khi d6, nhiéu khao sét cho thiy ndng
do arsenic trong nguén nuée ngam ¢ Viét Nam ¢ mot sé dia phuong cia dong bang
séng Hong va dong bang séng Ciru Long cao hon muc quy dinh trén nhiéu lan. C6
nhiéu nguyén nhan dan dén 6 nhiém nhu do dic diém ciu tao dia chat, nhung chu
yéu Ia tir chét thai cac nha may khong dat tiéu chuan, tir chat bao vé thyc vat trong
ndng nghiép va viéc khoan giéng nude sinh hoat khong dam bao yéu cau ky thuat
[78].

Quang Ninh
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Hinh 1.7. Bang d6 6 nhiém arsenic tai mién bac

Theo két qua diéu tra, phan tich mau nudc trong tong s 5.323 xa/ phudng

thudc 57 tinh/ thanh phé do Cuc Quan Iy tai nguyén nudc phdi hop véi So Tai
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nguyén va Moi trudng céc tinh, dia phuong c6 nguy co nhidm thap 12 khu vuc Dong
Nam bg, Tay Nguyén, Pong Bic bo va Tay Bac bo. Tai ving déng bang séng Hong,
trong téng s6 86418 mau phan tich trén dja ban 1728 x4, c6 19838 mau cua 758 x4
c6 ham luong arsenic > 0,05 mg/L. Céc tinh c6 nguy co 6 nhiém cao nhu: Ha Noi,
Hung Yén, Hai Duong, Nam Binh, Bic Ninh va Théi Binh (Hinh 1.7) [79].

Khu vuc dong bing séng Ciru Long, trong 28260 mau phan tich trén dia ban
983 x4 c6 1236 mau cua 223 xa c¢6 ham lugng arsenic > 0,05 mg/L. Céc tinh ¢
nguy co 6 nhiém An Giang, Can Tho, Séc Tring, Bén Tre, Vinh Long, Tién Giang.
Tai viing Bic Trung bo, trong tong sé 22983 mau phan tich trén dia ban 1100 x4, c6
2,82% sb mau nude phan tich c6 ham luong arsenic 16n hon 0,5 mg/Lva 152 x4 c6
nguy co bi 6 nhiém arsenic. Cac tinh Thanh Héa, Ha Tinh, Nghé An nguy co 6
nhiém cao nhat. Khu viuc Pong Nam b, trong tong s6 13678 mau lay phan tich trén
dia ban 510 x&, c6 2,85 % s6 mau nudc phan tich c6 ham lugng arsenic I6n hon
0,05 mg/Lva 50 x3 c6 nguy co bi & nhiém arsenic trong ngudn nuéc. Cac tinh co
nguy co 6 nhiém gém: Ninh Thuan, Binh Thuan va Bong Nai... (Hinh 1.8) [78].
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Hinh 1.8. Bang d6 6 nhiém arsenic tai luu vuc séng Cau Long [79]
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Nguoi dan bi bénh do dung nuéc nhidm arsenic co6 nguy co mac bénh ngay
cang lén. Tuy nhién, cho dén nay viéc chan doan 1am sang dé phat hién bénh ¢ Viét
Nam van con nhiéu kho khan. Vi thé, giai phap hiru hiéu hién nay 1a loai bo arsenic
trong ngudn nude bang cach st dung céc bé loc cat dé ha thap nong d6 xudng dudi
ngudng cho phép. Tuy nhién, theo TS. Nguyén Thanh Hién cho rang, bé loc cét chi
phat huy tac dung khi ndng do arsenic va d6 nhidm sit cao trén 0,05 mg/L va
khong hiéu qua véi cac ngudn nudc co ndng do sat rat thap nhu cac tinh ddng bang
song Cuu Long [78].

Véi thuc trang 6 nhiém arsenic cua Viét Nam, dic biét 1a ¢ ving dong bang
séng Ciru Long, ching tdi quyét dinh nghién cau dong vat lidu than sinh hoc bién
tinh dé hap phu loai bo cac ion arsenic trong nuéc bang cach sir dung ngudn nguyén
liéu phong phu san cd tai dia phuong 1a rom.

1.4. Co s6 ly thuyét cia quéa trinh hap phu thuéc nhuém MB va anion
kim loai As trén than sinh hec

Hap phu 14 sy tich lily cac chat trén bé mit phan cach pha (khi - ran, long -
ran, khi - 1ong, 1ong - 16ng). Chat c6 bé mit trén d6 xay ra su hap phu goi la chat
hap phy, con chat dugc tich lity trén bé mat chat hap phu goi 1a chat bi hap phu.
Hién tuwong hap phu xay ra do luc twong tac giira chat hap phu va chat bi hap phu
[80].

Ty theo ban chét lyc twong tac, ngudi ta c6 thé chia hap phu thanh 2 loai:
hap phu vat 1y va hap phu hoa hoc [80]. Hap phu vat ly xay ra do luc hit gitra cac
phan tir - lyc hat Van der Walls. Hap phu vat Iy 1a quéa trinh hai chiéu (thuan
nghich). Chiéu nguoc cua sy hap phu 1a su khir hip phu. Hap phu vat Iy kém theo
hiéu ng nhiét nho (tir 4 - 20 kd/mol). Cac chat da bi hap phu s& dé bi khir hap phu.
Trong hap phu hod hoc, cac phan tir cia chat bi hap phu lién két véi chat hap phu
boi céc luc hod hoc bén viing, tao thanh nhiing hop chat hoa hoc méi. Trén bé mat,
hap phu hoa hoc 1a bat thuan nghich va kém theo mét hiéu tng nhiét Ién (khoang 40
dén 400 kJ/mol) [81].

Pé danh gia hiéu qua loai bé cac chat gay 6 nhiém bang phwong phap than
sinh hoc, viéc hiéu 1d cac co ché co ban trong qua trinh hap phu la can thiét. Hién

twong hap phu cua than sinh hoc ddi voi cac chat gay & nhiém khéc nhau (bao gém
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kim loai nang, chit 6 nhidm hitu co va cac chat 8 nhidm khac) c6 su khac biét va da
dang, va qua trinh ndy duoc anh huong bai dic tinh cu thé cua tirng loai chéat gay 6
nhiém. Bén canh dé, co ché hap phu ciing phu thudc vao nhitng thudc tinh riéng biét
cua than sinh hoc, bao gém cac nhom chac bé mit, dién tich bé mat riéng, cau truc
x6p va thanh phan khoang chat. Tuy nhién, bé mat cua than sinh hoc khong dong
nhét do sy ton tai dong thai cua cac phan carbon héa va khong carbon hoa, didu nay

dan dén viéc xuat hién ddng thoi nhiéu co ché hap phu khac nhau [82].
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Hinh 1.9. Co ché cua sy hip phu MB trén than sinh hoc tir cay say

Céc co ché c6 thé xay ra doi voi su hap phu MB trén than sinh hoc dugc dé
Xuit bao gdm: a) Lién két hydro; b) Tuong tic n—n; ¢) Tuong tac n—r; d) Luc hit
tinh dién va e) Hap phuy vat ly (Hinh 1.9) [83]. Khi than sinh hoc két hop véi iron
oxide thi kha ning hap phu cua san pham composite s& dugc ting cuong bai luc hit
tinh dién cua N* tich dién dwong trén MB va dién tich am trén bé mat vat liéu
composit. Sy thuc day twong tac tinh dién nay c6 thé dugc md ta nhu trong Hinh
1.10 [84]. Trong dé tai nay, vai tro cua viéc nghién ctu hap phu MB nham muc dich
danh gia kha niang hap phu va dua ra co ché cua qué trinh hap phu trén cac loai vat

liéu diéu ché dugc.
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Hinh 1.10. Co ché thuc day su hiap phu MB trén composite than sinh hoc/FexOy

Hiéu suat loai bo ion arsenic cua than sinh hoc bién tinh bai sit duoc cai
thién so véi than sinh hoc chua bién tinh. Cac co ché c6 thé xay ra ddi vai su hap
phu As trén than sinh hoc dugc dé xuat bao gém: a) Lyc hut tinh dién; b) Tao phirc
bé mat; ¢) Phan ung oxi hoa — khir va d) Lién két hydro (Hinh 1.11). Trong d6, hai
co ché quan trong la tuong tac tinh dién va tao phic bé mit. Khi pHezc cua vt lidu
cao hon pH dung dich, lic nay bé mit cua than sinh hoc tich dién duong s& tao diéu
kién cho lyc tinh dién manh giira anion As va bé mat vat lidu. Mat khac, HAsOs% ¢6
kha ning tao phirc vai cac nhom -OH trén than bién tinh sat va do d6 cai thién qué
trinh loai bo As(V) khoi nudc [85].
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Hinh 1.11. Co ché caa sy hap phu As trén composite than sinh hoc/FexOy
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1.5. Téng quan vé nguédn dién hoa hec

1.5.1. Gidi thigu cac nguén di¢n hoa hoc

Ngay nay, nang luong duoc luu trit théng qua cac ngudn dién hoa hoc nhu:
pin so cap, pin sac, 4c-quy, tu dién, pin nhién lidu... Trong d6 pin sac Li-ion va siéu
tu dién hoa 1a hai d6i twong duoc quan tam phat trién chinh. Co s quan trong quyét
dinh kha ning st dung ctia mot ngudn dién hoa hoc 1a mat do cdng suat va mat do
nang lugng. Cac ngudn dién hod hoc déu c6 chung 3 thanh phan co ban: vat liéu
dién cuc, mang ngin va chat dién giai. Cac thanh phan nay s& thay d6i ddi véi tung
loai nguon dién hoa hoc khéc nhau, 1a nhan t6 anh hudng dén viéc trir luong niang
lwong va codng suit 1am viéc. Cac ngudn dién hod hoc con thé hién sy khéc biét
théng qua nguyén ly hoat dong cua chang, la cac qua trinh dan cai ion nhu trong pin
sac Li-ion hoac la qua trinh tich dién 16p kép nhu trong siéu tu dién hoa [86].
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Hinh 1.12. Gian d6 Ragone cua cic ngudn ning luong dién hod [87]

Tir gian d6 Ragone (Hinh 1.12) c6 thé thay rang pin nhién liéu thé hién mat
d6 ning luong tuyét voi nhung mat do cong suat caa né qua kém, nén pin Li-ion c6
mat d6 cao hon dugc sir dung lam ngudn duy trir nang luong rong rai. Nguoc lai, tu
dién vat ly c6 mat d6 cong suat cao nhit nhung mat do ning luong khong du dap
g, nén siéu tu dién hoa duoc tng dung chu yéu dé khoi dong céc thiét bi. Ngay

nay, su phat trién manh mé cua céc thiét bi cong nghé doi hoi phai c6 mot ngudn
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dién dap tng duoc ca hai yéu td cong suit va ning luong: nghia 1a vira tich trir duoc
nhiéu nang luong, vira ¢ thé gidp khoi dong ngay lap tac [86].

1.5.2. Pinsgc Li-ion

Hién nay, pin sac Li-ion 1a ngudn dién hoa hoc duoc sir dung rong rai nhat
sau khi dugc thuong mai hdéa thanh céng boi tap doan Sony vao nam 1991 [88].
Lithium 1a kim loai nhe nhat trong céac kim loai (0,59 g cm™) va ddng thoi ciing co
thé oxi hoa khar &m nhét (-3,04 V) nén pin Li-ion trg thanh mot lya chon dé thay thé
cac pin su dung kim loai khac (Zn, Pb,...). Hién nay, pin Li-ion dugc st dung rong
rdi cho cac thiét bi di dong nhu laptop, dién thoai di dong va cac thiét bi dién tir cam
tay khac. Mot xu hudng khac d6 chinh 1a sy thay doi tir phuwong tién chay bang
dong co dot trong sang xe chay bang dién bang pin Li -ion. DBé dap ung cac yéu cau
d6i voi xe dién, mat d6 nang lwong cua pin Li-ion can dugc tang 1én [89, 90].

So d6 qua trinh phong - sac cua pin Li-ion dugc trinh bay trong Hinh 1.13.
Khi phong dién, trong pin xay ra qua trinh oxy héa cua dién cuc tai cuc am (anode).
Céc electron di chuyén tir phia dién cyc am thdng qua mach ngoai tham gia vao qua
trinh khir trong dién cuc duong (cathode). Chat dién giai dong vai trd nhu mot chat
dan ion giira hai dién cuc. Khi sac pin, cac phan ung trén dién cuc dién ra theo
chiéu nguoc lai [91].
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Hinh 1.13. So d6 qua trinh sac caa pin Li-ion [92]

Céc phan tng xay ra trén bé mat 2 dién cuc duoc tom tit nhu sau:

Cathode: LiMO, ——=— Li_MO + xLi" + xe™ (14)

Phéng 1

Anode: C + xLi' + xe" === Li C (15)

Phéng
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1.5.3. Siéu tu di¢n

Pé dap ung Véi sy thay doi toan cau, ning luong da tré thanh mdi quan tam
chinh cua nhan loai, dac biét la cac nha khoa hoc. Trong do6, siéu tu dién la mot
trong nhing thiét bi duoc quan tam phét trién va cai tién bai nhiéu tinh ning vuot
troi [93].

Siéu tu dién st dung dién cuc c6 dién tich bé mat 16n va 16p dién mdi mong
hon nén dién dung dat dugc cao hon nhiéu so véi tu dién vat ly thong thuong. Bang
cach do6 cac siéu tu dién c6 thé dat dugc ning luong riéng 16n hon trong khi van duy
tri duoc cong suit cao hon so véi tu dién thong thuong [94]. Ngoai ra, siéu tu dién
c6 mot s6 loi thé hon pin dién hda va pin nhién liéu nhu cong suét riéng cao, thoi
gian sac ngan hon, chu ki va thoi gian sir dung cao hon. Do dé, siéu tu dién vira c6
thé ding nhu mot ngudn cung cip niang luong doc 1ap ciing nhu ¢6 thé két hop voi
pin tao nén maot hé théng chung. Chinh vi diéu d6 ma hién nay, siéu tu dién chiém
mét vi tri quan trong va la cau ndi giira tu thong thuong va pin [95, 96].

1.5.4. Phan loai va xu hwoéng phat trién cia siéu tu dign

Siéu tu dién

Tu dién lop kép Gid tu dién

Cacbon hoat tinh Cacbon gel khi Polyme din Oxit kim loai

ﬁng nano cacbon

Tu lai

lllllllill;llllllllll‘.
Lai pin

sesssREnEnunEnnnnannd

Lai composit Lai bat déi Xirng

Hinh 1.14.So d6 phan loai siéu tu dién
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Dua trén xu huéng phét trién hién nay, siéu tu dién cé thé dugc chia lam 3
loai chinh: tu dién dién hoa Iop kép, gia tu dién va tu lai. Tung loai siéu tu déu co
cac co ché hoat dong dic trung riéng trong viée luu trit ning luong dién. Co ché
tich dién c6 thé la Faraday, khdng Faraday hoac két hop ca hai. Trong co ché khong
Faraday, cac dién tich khuéch tan trén bé mat dién cuc, day hoan toan 1a mot qua
trinh vat ly, khéng c6 su hinh thanh hay pha vé lién két héa hoc ndo xay ra. Trong
co ché Faraday, xay ra cac qua trinh oxi hda - khir, lién quan dén viéc trao d6i dién
tich gitra dién cuc va chat dién giai. TUy vao thiét ké va co ché tich dién ma tu dién
duoc chia thanh cac loai khac nhau nhu Hinh 1.14 [93].

1.5.4.1. Tu dién 16p kép dién hoa

Tu dién dién hda 16p kép (Electrochemical double-layer capacitor - EDLC),
c6 cau truc bao gom hai dién cuc carbon, chat dién giai va mang ngin. Giéng nhu tu
dién thong thuong, EDLC trit dién tich bang tinh dién hay khong Faraday. EDLC st
dung 16p kép trén bé mit dién cuc dé tich trir nang luong. Khi &p thé vao, cac ion
trong chat dién giai khuéch tan qua mang ngan di dén cac dién cyc trai dau. Do do,
mot 16p dién tich kép duoc tao ra & mdi dién cyc (Hinh 1.15). B¢ ting niang luong
riéng caa EDLC, ngudi ta sir dung vat lidu dién cuc vai dién tich bé mat riéng cao
va giam khoang cach gitra cac dién cuc.
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Hinh 1.15. C4u tao cuia mét siéu tu dién hoa 16p kép [97]

Vi khéng c6 su trao ddi dién tich gitra dién cuc va chat dién giai, khéng c6
mét chit nao hay thanh phan nao thay doi trong qua trinh khong Faraday. Vi ly do

nay, ma dién tich du trir dugc trong EDLCs thuan nghich cao, cac chu ki dat duoc
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sur 6n dinh rat cao. EDLC c6 dic diém 1a hoat dong 6n dinh, chu ki phong sac rat
I6m, thuong 108 chu ki. Trong khi d6, pin dién hoa lai bi giéi han vé tudi tho,
khoang 102 chu ki. Vi chu ki 6n dinh, nén EDLC Ia thiét b luu trit rat tdt trong cac
thiét bi cong nghé khéng can kiém soét chit ché ciing nhu khong can nhiéu dén sy
can thi¢p cia con nguoi.

Dién cuc cua siéu tu dién phai théa man nhitng tinh chat sau: dién tich bé
mat riéng 16n, d6 6n dinh cao va tro vé mit hoa hoc. Vi vay, carbon dugc st dung
lam vat liéu dién cuc nho dap ung duoc cac yéu cau trén, gia thanh ré va nguon
cung cap vo cung I6n. Carbon khi duoc xir Iy & nhiét ¢ cao sé& tao ra nhiing dang
c6 do xop cao nén nhirng dang nay co dién tich bé mat 16n nhu: carbon hoat tinh,
carbon gel khi, graphite, dng nano carbon (CNT), soi nano carbon (CNF) [97].

Carbon hoat tinh ¢6 wu diém 1 gia thanh ré va dién tich bé mit riéng cao
hon nhitng vat liéu carbon khac, nén thuong duoc sir dung lam vat liéu dién cuc
cho EDLC. Vit liéu carbon nay c6 cau trdc xép véi nhiéu kich thuée 16 xop khac
nhau nhu: micro (< 2 nm), meso (2 - 50 nm), macro (> 50 nm) [98]. Nhiéu thuc
nghiém da dua ra cing mot két luan, kich thudc 16 xop c¢6 méi twong quan nhat
dinh dén dic tinh dién hda cua vat liéu. Cu thé, kich thudc 16 xop 1on 1am cho mat
d6 cdng suat cua vat liéu cao, kich thude 16 x6p nho 1am mat d6 niang luong cao.
Nguoi ta tién hanh khao sat nhiéu kich thudc 16 xop khac nhau nham xac dinh kich
c& tbi wu trong ung dung ché tao dién cuc cua siéu tu dién [99].

1.5.4.2. Gia tu dién

Khéc véi EDLC, gia tu dién hoat dong theo co ché Faraday, tic 1a ning
luong dugc tich trir thdng qua su trao dbi dién tich gitta dién cuc va chét dién giai.
Qua trinh nay bao gom su hap thy dién tich tir c4c phan Gng oxi hda - khtr va qué
trinh dan cai, giup gia tu dién c6 dung lugng va nang luong riéng cao hon so vdi
EDLC. Trong gia tu dién, su hap thu dién tich dién ra khi cac phan tng oxi hoa -
khir xay ra tai dién cuc, dong thoi chat dién giai tham gia vao qua trinh nay. Diéu
nay gitip ting dung lwong va ning lwong ma gia tu dién cé thé luu trit. Sy dan cai
cling dong gbp vao viéc gia ting hiéu suat luu trir nang lwong cua gia tu dién.

Pé thuc hién qua trinh trén, c6 hai loai vat liéu dién cuc thudng duoc st

dung cho gia tu dién. Thi nhat 1a polymer din, duoc dung dé tao dién cuc linh hoat
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va c6 kha niang hap thu dién tich tét. Thi hai 1 oxide kim loai, dang tin cay va hiéu
qua trong viéc hap thu va git lai dién tich.i.

Phan 16n cac nghién ciru déu tap trung vao ruthenium oxide do chua c6 vat
licu oxide kim loai ndo c6 thé sanh dwgc vé dung luong ma oxide nay dem lai.
RuO; & dang ngam nudc cho dung lwong hon han vat liéu carbon va polymer dan.
Do do, vat liéu RuO2 cho nang lugng va mat d6 nang lugng cao hon so véi EDLC
va gia tu dién st dung vat liéu polymer dan. Tuy nhién, gia thanh cua RuO; la kha
cao [97], diéu nay la nguyén do dan dén viéc cac nha khoa hoc tap trung nghién ctu
phét trién céc vat liéu oxide kim loai khac c6 gia thanh ré hon nhung van thé hién
tiém nang gan vai gia tri ma RuO, mang lai. Trong linh vuc nay, 1a cac oxide cua
kim loai manganese dugc chi y quan tdm bai c6 thé dap (ng cac yéu ciu trén, hon
nira ching con la nhitng vat liéu than thién véi moi truong.

1.5.4.3. Tu dién lai hoa

Tu dién lai hoa 1a c6 kha ning phét huy cac vu diém va giam nhiing han ché
cia EDLC va gia ty dién. Trong d6, ca hai qua trinh Faraday va khéng Faraday
duoc thuc hién dong thoi dé du trix dién tich. Nho vay tu lai dat ning luong riéng va
cdng suat cao hon so véi EDLC nhung van duy tri su 6n dinh va gia thanh re.
Nguoi ta tap trung nghién ciru vao 3 loai khac nhau cua tu lai, chung dugc phan biét
dwa trén vat liéu dién cuc: composite, bat dbi xang.

Trong luan &n nay, véi dinh huéng tan dung nguon thai rom va tro trau,
ching tdi lra chon nghién ctu sir dung vat liéu than hoat tinh bién tinh lam dién cuc
cho siéu tu dién hoé 16p kép va gia tu dién nham mo rong tng dung caa dong vat
liéu nay trong cong nghé tich trir nang luong.

1.6. Tinh hinh nghién citu lién quan dén dé tai

1.6.1. Vat ligu than sinh hec tir sinh khéi duwroc bién tinh béi cac mudi

Theo Yu-Loong Loow va cong su, hién nay viéc chuyén doi sinh khéi
lignocellulose thanh c&c san pham gia tri gia ting nhu duong kha dang thu hut su
chi y trén toan thé gisi. Tuy nhién, qué trinh thuy phan hiéu qua thuong bi can tro
boi cau tric phirc tap caa sinh khéi. Nhiéu céng nghé tién xir Iy da dugc phat trién
dé khic phuc tinh cimg dau cua lignocellulose dé cac thanh phan nay cd thé duoc

tai sir dung hiéu qua hon nham ting cuong thu hdi duong. Trong sb tat ca céc
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phuong phap tién xu 1y dwoc st dung, tién xir Iy bang mudi vo co 13 mot phuong
phap méi hon va mang lai kha nang thu hoi dudng twong duong véi kha nang giam
chi phi. Viéc sir dung mudi vo co dudi dang dung dich nuée dé tién xi ly sinh khéi
lignocellulose da thu hut nhiéu Sy quan tim. Phuong phap nay da dwoc sir dung dé
xur 1y nhiéu loai sinh khéi lignocellulose khac nhau bang cac mudi nhu NaCl, KCl,
CaCl,, MgCly, Fez(S0a)3, FeCl,, FeS0Os, va FeCls, da dugc chirng minh 1a lam tang
tdc do thuy phan sinh khéi [28].

Theo Joan G. Lynam va cong su, khi duoc xu 1y so bo bang qué trinh carbon
hoa thuy nhiét, than sinh hoc thu duoc la ky nuéc va cd mat do nang lugng cao hon.
Ca propionate, Ca acetate, Mg acetate, Ca lactate, Li chloride, Ca chloride va Ca
formate da duoc thir nghiém trong qua trinh carbon héa thuy nhiét. Céac ion chloride
duoc cho 1a pha v lién két hydrogen gitra cac soi polymer cellulose lién ké, tao
diéu kién thuan lgi cho quéa trinh hoa tan va loai b chdng khoi sinh khéi. Viéc bo
sung cac mudi ion vao nuéc lam giam ap suat hoi cua hdn hop, va 1a mot trong
nhitng phuong phap dé giam chi phi tién xu ly HTC [100].

Theo F. Li va cong su khang dinh san pham caa qua trinh carbon hda thay
nhiét sinh khoi, 1a mot giai phap thay thé bén vitng cho céc chat hap thy méi truong
chua carbon khac. Tuy nhién, viéc st dung né da bi han ché do dién tich bé mat
thip. Phuong phap téng hop dong thay nhiét sinh khdi/ mudi kim loai c6 thé cai
thién tinh chat hap thu caa né trong khi van giir duoc dac tinh san xuat hiéu qua cua
nd. Vi vdy, min cua tre va zinc chloride duoc két hop trong bo phan tng thay nhiét
(200 °C, 7 gio) dé diéu ché than sinh hoc bién tinh. So végi hydrochar khdng bién
tinh, than sinh hoc duoc san xuit véi viéc bd sung ZnCl, trong qué trinh xi ly thay
nhiét dugc carbon hoa hoan toan hon (ham lugng C tang tir 54 % lén 64 %), cd dién
tich bé mit cao hon sau khi rira bang acid (30 so véi 1,7 m?/g ), va duoc lam giau
trong cac nhom chuc chira O va c6 do thom cao hon. Do nhitng dac tinh duoc cai
thién nay, kha nang hap phu MB cua than sinh hoc tang gan 90 % va 257 % sau khi
duoc rira sach bang acid. Nghién citu nay néu bat tiém ning cua phuong phéap xir ly
sinh khdi dong thity nhiét nay trong su c6 mat caa mudi kim loai dé cung cap mot
loai than sinh hoc don gian va hiéu qua vai cac dac tinh thich hgp cho viéc xi ly

moi truong va xtr Iy nudc. Trong qua trinh thay nhiét, mudi kim loai cé thé tham
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gia vao quéa trinh phan huy sinh khdi va tao ra san pham c6 dién tich bé mat va do
x6p duoc ting cuong. Cu thé, cac mudi kim loai dong vai tro 1a acid Lewis, ho tro
qua trinh phan cit céac lién két glycoside, dan dén qua trinh phan hay sinh khéi dién
ra nhanh hon. Diéu ndy tao ra mot cau trdc x6p véi nhiéu 16 mao quan nho va trung
binh, tao ra dién tich bé mat cao. Ngoai ra, phuong phap tong hop HTC s& hiéu qua,
can it ning lugng dau vao hon so véi quy trinh hai budc va tao ra mot chit long
giau mudi kim loai c6 thé dugc tai ché [101]

Tuy nhién, chua tim thay cong trinh nghién ctu diéu ché vat liu hap phu
than sinh hoc bang phuong phap carbon hoé thuy nhiét sinh khéi rom trong méi
treong dung dich chira cac mudi chloride kim loai khac nhau. Trong noi dung nay,
than sinh hoc dugc diéu ché truc tiép tir rom bang phuong phap HTC mot giai doan
véi su cO mat lan luot cua cac mudi NaCl, CaCl, ZnClz. Muc tiéu caa ndi dung
nghién ctu nay 1a (1) Khdm pha mot phuong phap day hira hen dé diéu ché than
sinh hoc, (2) Khao sat anh huéng cua viéc bd sung lan lugt NaCl, CaClz, ZnCl, dén
c4c tinh chét dic trung caa than sinh hoc va (3) Panh gia kha nang hap phu cua than
sinh hoc trén mot chat 6 nhidm hitu co dai dién 1a xanh methylene. O ndi dung nay,
nhom tac gia da cong bd 01 bai bao bang tiéng Anh (Effect of preparation
conditions of biochar from rice straw by hydrothermal carbonization, Journal of
Science and Technology, 2017, 55(1B), 223-229).

1.6.2. Vit liéu than sinh hoc tir tinh tir sinh khoi ing dung lam chit hap phu

Theo Krishna Murthy T. P. va cong su, hon hop tir tinh caa hydrochar vo ca
phé-FesO4 da duoc tong hop va sir dung 1am chat hap phu dé loai bé MB khoi nudc
thai. Hydrochar trau ca phé duoc diéu ché bing phuong phap carbon hda thuy nhiét
220 °C trong 6 gio va composite tir tinh dugc san xuat thong qua phuong phap dong
két tua hda hoc trong dung dich FeSO4, FeCls va NHa. Céc tinh chit héa ly caa hdn
hop tir tinh dwoc phan tich bang PZC, XRD, SEM, FTIR va VSM. Céc két qua md
ta dac tinh cho thay su két hop thanh cong cua cac hat iron oxide vao hydrochar vo
ca phé. Kha ning hip phu don 16p téi da caa MB trén vat liéu duoc tim thy 1a 78
mg/g. Hiéu qua hap phu tét va kha niang thu hoi dé dang cua vat liéu cho thay né co

thé 1 chat hap phu hiéu qua vé chi phi dé loai bo thuéc nhuém khoéi nuée thai [102].



31

Hasan S. da nghién ciru tao ra mot nanocomposite tir tinh dya trén chat thai
cdng nghiép bang phuong phap HTC mét bude dé dang 200 °C trong 1 gid véi bot
gidy va dung dich FeCls. Két phan tich cu trdc cho thay rang trong qué trinh HTC,
cac hat nano Fe da duoc két hop thanh cong trén ma tran chat thai sinh hoc. Do tir
hoa bao hoa va lec khang tir twong ung lan luot 14 khoang 2 emu/g va 15 Oe. MB
va MO (methyl da cam) d3 duoc chon lam chat 6 nhidm dé danh gia kha ning hap
phu cua vat liéu. Dung luong hap phu cuc dai cua san pham lan luot 12 11 mg/g va
8,9 mg/g dbi vi MB va MO. Nghién cau nay cung cap mot cach tiép can kha thi va
don gian dé tong hop vat lidu tir hidu suat cao theo céach tiét kiém chi phi [103].

Theo Naereh Besharati va cong su, su hap phu MB duéi dang thudc nhuom
cation trén cac hat nano tir tinh tir ca phé tir vo dau phong 1a nhitng ngudn chat hap
phu ty nhién ré tién. Vo ca phé va dau phong duoc tir hoé khi tiép xuc véi chat dung
dich chira hdn hop FeCls va FeCly. Loai vat liéu tu nhién c6 tir tinh mai nay c6 thé
dé dang tach ra bang cac thiét bi phan tach tir tinh. Chung dwoc dic trung bang
quang phd hong ngoai bién ddi Fourier (FT-IR), nhiéu xa tia X dang bot (XRD) va
kinh hién vi dién tir quét (SEM). Cac thong s khac nhau anh huong dén hiéu qua
xt 1y MB nhu thoi gian tiép xtc, pH dung dich va luong chat hap phu da duogc
nghién ctru va téi wu hoa. Cac chit hip phu tir tinh cho thiy loai bo MB véi kha
nang hap phu lan luot 12 88,49 va 74,62 mg/g d6i véi than sinh hoc tir vo ca phé va
v6 dau phong. Nghién ctu nay cho thdy mot phuong phap don gian, hiéu qua va
dang tin cay dé loai bo MB khoi dung dich nuéc [104].

Theo Huan Ma va cac cong sy, chat thai néng nghiép tir 16i bip da duogc
chuyén doi thanh cdng thanh maot vat liéu hap phu bang phwong phap thiy nhiét ¢
nhiét do thap (453 K) trong diéu kién c6 mudi sat (111). Vat liéu carbon thu dugc c6
cau tric x4p, dién tich bé mit riéng cao hon va c6 nhiéu nhém chira oxy hon so voi
nguyén liéu ban dau, c6 thé 1a do tac dung xc tac caa Fe (111). Sy hap phu cua vat
liu phd hop v&i mé hinh dang nhiét Langmuir va mé hinh dong hoc bac hai. Dung
lwong hap phu trén MB cua vat liéu 1a 163,93 mg/g chat hip phu. Hon nira, vat liéu
sau sau khi hoat héa da dugc chitng minh 1a mot chat hap phu c6 kha nang loai trir

ca pham mau ho cation va anion, va né c6 thé tai st dung nhiéu lan [11].
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H. Zeng va cong su da tdng hop than sinh hoc tir tinh vat liéu bang phuong
phap tong hop thay nhiét mot budc tir bun thai ciia nha may nudce va dugc sir dung
dé loai MB khoi nudc. Bang cach thay ddi ty 1& bun va bun sét, ba loai than sinh
hoc tir tinh dya trén bun ¢ dic tinh tot da duoc diéu ché thanh cong. Khi ty & bun
sat cao hon, cac mau ¢ tir tinh cao hon, nhung khi ty & bun cao hon, kha nang hap
phu ctia cdc mau lén hon. Vit liéu tir tinh trong san pham dat 45,16 emu/g, c6 thé
dé dang tach ra khoi dung dich bang nam cham sau thi nghiém. Hon nira con thé
hién kha ning loai bo MB t6t va nhanh chéng. Dung lwong hap phu cuc dai 178,786
mg/g, cho thdy mot phuong phap don gian va than thién véi moi truong dé tong hop
than sinh hoc tur tinh tr bun thai [105].

Theo Lata Verma va cong su, cac chat hap thu sinh hoc tir tinh da duogc ap
dung cho qué trinh xur Iy nude va nude thai, do chiing c6 thé dé dang tach ra va cé
thé duoc tai s dung nhiéu 1an. Hai chat hap thu sinh hoc tir tinh dwgc tong hop tir
sinh khéi thai vé va 16i cua qua chanh & nhiét ¢6 500 °C. Cac chat hap thu sinh hoc
nay duoc sir dung hiéu qua dé loai bo As(I11) va As(V) khoi dung dich nuéc va cac
mau nudc ngam. Nghién ctu kha ning tai sinh cho thay chat hap thu sinh hoc c6 thé
duogc tai sir dung toi bén chu ky. Kha nang hap phu cua than sinh hoc tir vo va I8i
quéa chanh ddi véi sy hap phu As(111) lan luot 1a 714,28 pg/g va 526,31 pg/g, trong
khi gia tri gmax d6i vai su hap phu As(V) 13 2000 pg/g ddi véi ca hai [106].

Theo Agnes Pholosi va cong su, viéc tang cuong hap phu As(lll) bang
magnetite ¢ dinh trén sinh khéi qua théng. Két qua cho thay san pham c6 kha niang
hap thu As(l11) tot, dat 18,02 mg/g & 299 K. Hon nita, kha nang hap phu As(l11) on
dinh hon sau ba chu ky giai hap - tai st dung [107].

Theo R. Sandoval, arsenic c6 tinh chat hda hoc doc dao cho phép no ton tai
dudi dang anion oxo trong nudc tu nhién bat ké no ton tai & dang arsenite (+3) hay
arsenate (+5), hai dang arsen chiém wu thé nhit trong nuéc. Cau hinh oxo-anion cho
phép arsenic twong tac véi cac bé mat (hydr)oxide kim loai bang cach hinh thanh
c4c cau phic. Sy twong tac ndy 1am cho nhiéu vat liéu (hydr)oxide kim loai phuong
tién thich hop dé loai bo arsenic khoi nudc bang cach hap phu. Khéng giéng nhu
(hydr)oxide kim loai, than hoat tinh dang hat da dugc ching minh 1a chat hap phu

kém dé xir ly arsenic. Tuy nhién, cac nghién ctru gan day da chi ra rang arsenic va
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cac chat ¢ong 6 nhidm hitu co c6 thé duoc loai bo ddng thai khoi nuée bing chét
hap thu composite carbon gan cé4c hat nano (hydr)oxide sat [108].

C6 thé thay rang tiém ning sir dung vat liéu carbon c6 ngudn géc sinh khoi
lam vat liéu hap phu xa Iy méi truong nudc & nhiém mang lai loi ich kinh té cao va
gop phan giam thiéu chat thai sinh ra tir sinh khéi trong qua trinh san xuat néng
nghiép. Hon nita, viéc gan két iron oxide tir tinh 1&n than hoat tinh ciing duoc ching
minh 1a tang hiéu qua xir ly arsenic. Tuy nhién, hién chua c6 c6ng trinh nao nghién
ctru diéu ché vat liéu than sinh hoc tir tinh bang phuong phap carbon hoa thuy nhiét
tir dich chiét lignin cia rom. Trong ndi dung nghién ciru nay, than sinh hoc tir tinh
dugc diéu ché bang phuwong phap HTC qua hai giai doan. Pau tién, lignin tir rom
duoc chiét bang dung dich KOH, sau d6 1a diéu ché vat liéu than sinh hoc tur tinh
bang qué trinh HTC hdn hop lignin/ KOH va dung dich FeCls. Muc tiéu cua noi
dung nay la (1) Nghién citu mét phuong phap mai dé diéu ché than sinh hoc tir tinh,
(2) Khao sat anh huong cua nong do FeCls dén céc tinh chét dic trung cia than sinh
hoc tir tinh va (3) Panh gia kha nang hap phu cua than sinh hoc tir tinh trén céc chat
6 nhiém MB, As(l11) va As(V). O ndi dung nay, nhém nghién ciru di cong bd 05
bai bao trén céc tap chi trong va ngoai nude [109-113] . Céc bai bao bao gom nhiéu
cha dé vé vat liéu carbon tir tinh tir qua trinh chuyén déi thuy nhiét va ang dung cua
c4c vat liéu tir tinh trong xir ly cac chat gay 6 nhiém nhu methylene blue va arsenic
trong nuéc. Cac cong trinh nghién ciru nay da dugc xuat ban trén cac tap chi cé uy
tin va dugc céng nhan trong cong dong khoa hoc.

1.6.3. Than hoat tinh bién tinh &ng dung 1am vat ligu dign cuc

X. Jiang va cdng su da dé diéu ché carbon xbp pha tap N véi hiéu suat dién
hoa cao duge dé xuat bang cach s dung vo dau phong lam nguyén liéu thd va
melamine 1am chat pha tap. Céc carbon hoat hoa nhu dd chuin bj sin thé hién cu
tric xop ¢6 tha bac véi nhiéu vi hat va trung bao cha yéu nam trong pham vi kich
thuéc 16 2 va 5 nm. Sy pha tap N dan dén su hinh thanh céc nhém chuc chia
nitrogen trén bé mat cua cac nguyén ti carbon hoat hda. Mau téi wu trong cong viéc
nay thu duoc o ty 18 khéi lwong melamine trén than hoat tinh 1a 2:1, c6 dién tich bé
mit cao la 2014,6 m? g. Bién cuc mang lai dién dung riéng cao 310,59 F/g & mat

d6 dong dién 0,5 A/g trong hé théng ba dién cyc. Trong hé thdng hai dién cuc, siéu
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tu dién ddi xung co6 dién dung riéng cao 300,6 F/g & 0,5 Alg va 246,4 Flg & 10 Alg,
thé hién kha ning duy tri dién dung cao, sy on dinh chu ky tuyét voi voi kha ning
duy tri dién dung 12 90,14 % sau 5.000 chu ky & mét do dong dién 1a 2 A/g [114].

A. Alabadi va cong su da duoc diéu ché than hoat tinh pha tap nitrogen véi
cau tric vi xop twong tw va pha tap nitrogen c6 kiém soat bang cach nhiét phan
poly[(pyrrole-2,5-diyl)-co-(benzylidene)]. Cac phép do dién hoa trén mau duogc tao
ra & 700 °C va 800 °C cho thay dién dung riéng cao (1én dén 525,5 F/g va mat do
nang lugng khoang 262,7 Wh/kg ¢ 0,26 Alg) trong méi trudng kiém (2M KOH).
Quan trong hon, dién dung thyc té van gidng nhau khi tbc d6 quét tang tir 0,26 1én
26,31 A/g . Kha nang duy tri dién dung quan sat duoc (99,5 %) on dinh dang ké d6i
Vé6i cac dién cuc ngay ca sau 4000 chu ky, do sy hién dién caa nitrogen trén bé mat
va trong cac mat phang canh graphite. Ham luong nitrogen dong mot vai trd quan
trong trong viéc tao ra cac 16 xop micropore va tao diéu kién thuan loi cho viéc
chuyén cac ion qua cac 13 trén bé mit dién cuc tuyét voi cho cac siéu tu dién [115].

Theo L. Zhu va cong sy, rom duogc xir 1y so b bang dung dich nuéc KOH va
chat long thu dugc duoc sir dung dé tong hop carbon xdp, trong d6 KOH dong vai
tro vira 1a dung mai chiét xuat lignin vira 1a tdc nhan kich hoat héa hoc. Viéc bd
sung melamine vao dung dich den dan dén sy gia tang dién tich bé mat (2646 m2/g),
thé tich 16 rong (1,285 cm?3/g) va thuc day sy hinh thanh cac lién két cong hoa tri
nitrogen trong vat liéu carbon. Melamine dugc s dung 1am chét phu gia c6 vai tro
kép 1a ngudn nitrogen va chat diéu chinh 15 rdng cua vat liéu carbon. Céc vat liéu
thu dugc co dién dung riéng la 242 F/g va 337 F/g khi duoc sir dung lam dién cuc
trong chat dién phan KOH 6 M & mat d6 dong dién 0,5 A/g. Siéu tu dién d6i xang
lap trén san pham cho thay chu ky 6n dinh (ty Ié luu giit > 98 % sau 3000 chu ky &
10 A/g). Pay 1a méot phuong phap dé dang dé san xuat carbon xdp tir chat long mau
den thai ra trong qua trinh loc sinh hoc hoic bot gidy va giay [75].

Theo H. Chen va cac cong su, dong pha tap nitrogen va boron vao vat lidu
carbon ¢ ngudn gdc tir tre va hoat hda bang KOH dung 1am loai vat liéu dién cuc
cho siéu tu. Do hiéu suat dién hoa cao khi c6 ciu tric x6p va dac biét cao hon khi
dugc ddng pha tao bai boron va nitrogen, dién cuc ché tao tir vat liéu thu duogc c6

dién dung riéng va mat do nang lugng gia tang dang ké so véi nhirng vat li¢u dién
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cuc truyén thong. Siéu tu bat d6i xing ché tao tir vat lidu carbon nay c6 mat do
nang lugng cao va ¢ chu ki dién héa 6n dinh [15].

N. Zhao va cong su d3 nghién ctru téng hop vat liéu composite C/MnO xbp
c6 phan cap theo phuwong phap mot giai doan, trong d6 qua trinh hoat héa hda hoc
tién chat sinh khdi (vo qua vai) va nap c4c tAm nano MnO duoc tién hanh dong bo.
CAu truc pha, thanh phan hoéa hoc, hinh thai va dién tich bé mat cu thé ciing nhu su
phan b céc 16 x6p duoc nghién ctru d6i véi vat lieu composite. Biéu tha vi 1a vat
licu tong hop thu dugc cd thé dong vai trd 1a dién cuc am va duong dong thoi trong
mot siéu tu dién ddi xing lai. Cong suat cu thé cao 162,7 F/g & mat 6 dong 0,5 A
g va mat d6 ning luong 57,7 Wh/kg ¢ mat d6 cong suat 400 W/kg thu duoc ddi
Vi siéu tu ddi xing, do hiéu ng tdng hop giira dién dung hai 16p dién hoa tir cac
carbon xp phan cip va gia tu tir phan tng oxy hoéa khir cia cdc MnO. Céng trinh
nay cung cap mot chién luoc dé mo rong va co thé ma rong dé tong hop vat liéu
tong hop carbon/ oxide kim loai véi tng dung biéu dién dién hoa dy hira hen cho
cac thiét bi luu trir ning lwong va ma ra mot canh cong méi dé thiét ké siéu tu dién
lai d6i xtzng méi [116].

Y. Jia va cong su da phét trién vat liéu cuc duong véi nén tang nap/xa Li* toc
d6 cao va 6n dinh. Cé4c vi hat MnO duoc phan tan 1én graphene oxide biang mot
phuong phép don gian bao gém cac ky thuat nhiét dung va nung. Vat liéu nay chira
mot s6 luong Ién mesopore (duong kinh ~2,8 nm). San pham c¢6 do 6n dinh chu ky
thuan loi (846 mAh/g & 0,1 A/g sau 110 chu ky) va hiéu suit téc do vuot troi (207
mAh/g & 6,4 Alg). Phan tich dong hoc cho thdy dong gop gia dién dung déng vai tro
cha dao ddi véi viée luu trit nang lwong. Su cai thién trong hanh vi gia dién dung
dugc cho 1a do 16p phi graphene oxide dong nhat trén MnO cung cép cac dudng
dan lién tuc dé van chuyén dién tr va cau tric huyén bi cung cip nhiéu duong di
chuyén cho cac ion Li-ion. Nhitng két qua ndi bat nay chi ra ring sy xen k& Li*
dugc ting cuong cia cuc duong sé bu dap sy mat can bang dong hoc gitra hai dién
cuc [117]

J. Guo va cong su da tong hop nanocomposite MnO@C bang cach 1 hat vi
cau MnO duoc xur ly bang acid oleic 1am ngudn carbon. Nanocomposite MnO@C

thu dugc thé hién dung lugng xa 12 1075 mAh/g cho chu ky ban dau va hién thi hiéu
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suit chu ky tuyét voi véi cong suit xa 421 mAh/g sau 100 chu ky & mat do hién tai
[a 100 mA/g. Nho ¢6 dac tinh dién hoa vuot troi, MnO@C thu dugc nanocomposite
c6 kha ning dwgc ung dung lam vat liéu cuc duong thé hé tiép theo cho pin Li-ion
[118].

T6m lai, vat liéu dién cyc tir than hoat tinh xdp ¢6 nguén géc sinh khéi dang
dugc cac nha khoa hoc quan tdm nghién ctru. D& nang cao hiéu ning cua dién cuc,
nhiéu cong trinh di nghién ctu pha tap cac nguyén té nhu N, B,... hay cac oxide
kim loai nhu RuO2, TiO2, MnO, MnOy,... Trong d6 N va MnO cho thay tiém ning la
mot phuong phap don gian, chi phi thap va than thién véi moi truong. V6i noi dung
nghién ctru nay, than hoat tinh bién tinh N va Mn duoc diéu ché tir dich chiét lignin/
KOH bing phuong phap nhiét phan trong mdi trudng khi tro. Myc tiéu caa noi
dung nay 1 (1) Nghién ctru phuong phéap diéu ché than hoat tinh bién tinh N va Mn
bang phuong phap nhiét phan dich chiét lignin tir rom, (2) Khao séat anh hudng cua
ham luwong cac tac nhan bién tinh dén tinh chat dic trung cua than hoat tinh va (3)
Khao sét tinh chat dién hoa cua vat liéu thu dugc.

1.6.4. Silica trong ning cao dung luong dién hda

Khai thac thiét bi luu trir ning lugng sach va hiéu qua 1a vo cung can thiét
cho mét thé gisi carbon thap [119]. Than chi da duoc st dung rong rai lam vat liéu
cuc trong nhiéu nam. Tuy nhién, than chi c6 dung lwong thap, dan dén cac tng dung
bi han ché [120]. Bé phuc vu cho céc thiét bi 6 tinh chat cao dang phat trién, cac
nghién ctru da dang dd dwoc cam két kham phé vat liéu tét hon véi cong suat 16n
hon va vong doi vuot troi. Trong nhiéu nghién cau, silicon (Si) thu hit nhiéu méi
quan tdm nhat do dung luwong cao va trix lwong ddi dao trong tw nhién [121]. Tuy
nhién, su thay doi thé tich quéa 16n c6 thé gay ra dut giy cac pha dién phan ran va
tao thanh bot trong qué trinh dién ho4, dan dén kha ning ddo nguoc va 6n dinh dién
hoa kém hon [122]. Silica (SiOz) té ra wu viét hon 12 it gidn nd thé tich hon, ré va dé
t6ng hop hon so véi Si. Pang tiéc, do dan dién thap, su gidn no thé tich va su két tu
hat van can tré viéc ting dung thuong mai SiO2 [123].

Pé theo dudi mot giai phap cho nhitng van dé nay, vat liéu tong hop SiOx/C
c6 cau trac khac nhau da duoc tong hop dé cang cb do dan dién va su thay doi thé

tich cua dién cuc SiOx, chiang han nhu vat liéu tdng hop SiOx/C c6 cau tric dang to
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ong [124], composite vo 18i [125], va dng nano SiOx/C [126]. Céu tric xbp cua vat
lieu tong hop SiOX/C khdng chi c6 thé giam khoang cach khuéch tdn ma con cung
cap giao dién dién cuc/dung dich I6n cho qua trinh dién héa. Hon nita, cac vi hat c6
thé hoat dong nhu cac vi tri hap phu luu trit, din dén cai thién kha ning chu ky
[127]. Pang chi ¥ hon nita, bé mit carbon bién ddi di nguyén tir c6 thé 1am thay doi
cac dac tinh hod ly va hiéu suit dién tir, do dé tao diéu kién thuan loi cho tinh dan
dién, d6 phan ung va kha nang luu trir caa dién cuc [128].

Di c6 mot s6 ¢ong trinh nghién ciu vé két hop SiO; va carbon dé ting dung
luong dién hda trong thiét b tich trit nang lwong. Trong d6, hiéu qua ting dung
lugng phu thudc vao phuong phap diéu ché, dang ton tai va ti I¢ SiO,. S.Wang va
cong sy da téng hop SiO2/C bang phuong phép ling dong hoi hoéa hoc cho san
pham c6 dung luong dién hoéa dat 500 mAh/g sau 100 chu ky va 315 mAh g sau
1000 chu ky véi dong dién 1,0 A/g [129]. Y.Gao va cong su da tong hop SiO; bang
phuong phap hoa udt cd kha nang cho dung lugng dat 500 mAh/g sau 500 chu ky.
Phuong phap thuy nhiét tong hop SiOz cho dung luong kha cao 600 mAh/g [130].
C.Liang va cong sy da két luan SiO2/C dat dung luong cao voi mat do dong dién
thap va sé chu ky han ché nhung dic tinh chu ky ctia dong dién van chua tét. V6i
ham luong carbon 14 % trong SiO2/C thi hdn hop hoat dong dién héa tbi vu. Dung
luong dién hoa dat 620 mAh/g vai 0,1 A/g va 534 mAh/g véi 1,0 A/g sau 1000 chu
ky [131].

L.Dawei va cong su da diéu ché SiO2/C bang cach diéu chinh ham luong tro
cua trau nhiét phan bang dung dich NaOH nham nghién ctu anh huéng cia viéc
diéu chinh ham luong tro dén kha ning luu trir Li cua SiO2/C. Viéc diéu chinh anh
huong dang ké dén cau truc 16 rong va hiéu suat Iuu trit lithium cua hon hop SiO2/C.
Si02/C véi ham luong tro 1a 19,2 % trong luong tro thé hién kha nang thuan nghich
vuot troi 1a 886 mAh/g & 200 mA/g; mau nay ciing cho thiy d6 6n dinh theo chu ky
tuyét voi va hiéu suat toe do tét (381 mAh/g ¢ 2000 mA/g). Hiéu suat dién hoa tét
cha yéu 1a do c6 nhiéu 16 rdng (dic biét 1a 15 x4p trung binh) trong hdn hop va do
tac dung dong thoi giita carbon va SiO,. Piéu chinh ham luong tro cua than 1a mot

phuong phap hiéu qua dé nang cao hiéu suit luu trir Li ctia SiO2/C [27].



38

H.Zhang va cong su di tong hop thanh cong vt liéu tong hop x6p C/SiOx
ddng pha tap boron (B) va nitrogen (N) khi st dung trau 1am ca hai nguén C va Si
va NHsHB4O7 lam thudc thir porogen va ngudn di nguyén tir théng qua 16 trinh
nung mot budce. Su dao dong thé tich cua SiOx cd thé duoc giam bét mot cach hiéu
qua va do din dién tir c6 thé duoc ting cudng dang ké véi su phan bd ddng nhat cua
cac hat SiOx trong ma tran C xdp pha tap B, N. bic biét, ddng pha tap B, N lam
giam hiéu qua hang rao truyén Li* trong khung C cua C/SiOx. Kién trdc xdp doc
dao, dién tich bé mat riéng Ion va dong pha tap B, N mang lai kha ning dao ngugc
I6m, dic tinh téc d6 dac biét va do on dinh chu ky vuot troi. La cuc dwong cua pin
Li-ion (LIB) duoc ti wu hoa thé hién cong suat chu ky 1a 1165 mAh/g ¢ 100 mA/g
va hiéu suit coulomb ban dau dugc cai thién 1a 74,3 %. Ngay ca ¢ mic 1,0 A/g, van
c6 thé dat duoc dung luong chu Ky 6n dinh 1a 650 mAh/g sau 1200 chu ky. Nghién
ctru ndy dua ra mot thiét ké tiém nang, twong d6i hidu qua, ré tién va than thién voi
méi truong cua vat liéu sinh khdi pha tap nguyén tir di loai véi hiéu suét luu trix Li*
nang cao [123].

D.Liu va cong su da tong hop than hoat tinh ¢6 ngudn géc sinh khéi tai tao
da thu hat sy chi ¥ cho céc tng dung siéu tu dién. Silica trong trdu anh hudng dén
su hinh thanh ciu tric 16 xép trong qué trinh hoat hoa KOH, diéu nay cang anh
huong dén hiéu suat dién hoa cua than hoat tinh thu duoc cho siéu tu dién. Khi
khong loai bo duoc silica trong trau, KOH wu tién phan @ng véi silica dé tao ra
silicat, can tr¢ su hinh thanh va mao rong ctia mesopores; cac than hoat tinh thu duoc
co ty 1& vi xop cao, dién tich riéng cao (Ién tgi 3263 m?/g), dién dung cao (315 F/g ¢
0,5 A/g), nhung kha nang dinh mac kém (ty 1€ duy tri dién dung 51,7 % khi tang
dong dién mat do tir 0,5 dén 20 A/g). Khi loai bo silica trong vo trau, cac 15 rong
duoc tao ra do loai bo silica 1a khic vao mesopores trong qué trinh kich hoat; than
hoat tinh thu duoc thé hién ty 16 mesopious cao, twong ddi cao dién tich bé mit
riéng 1a 2804 m%g va dién dung twong dbi cao l1a 278 F/g & 0,5 A/g voi kha niang
duy tri dién dung cao (76,6 % khi tang mat do dong dién tir 0,5 Ién 20 A/g) [19].

Nghién ctru cua nhdm tac gia Tran Van Man va cong su [132] tir Truong Dai

hoc Khoa hoc Ty nhién, Pai hoc Qudc gia Thanh phd H6 Chi Minh vé viéc sir dung
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V6 trau dé ché tao vat liéu dién cuc &m cho pin sac Li-ion dd mang lai nhitng két
qua déng cha y. Trong bai bao nay, ho da diéu ché vat liéu composite SiO2/C bang
cach str dung KOH dé xir Iy bé mit tro trdu. Két qua cua nghién ciru cho thay vat
licu sau khi tong hop ton tai ¢ dang vo dinh hinh, ¢ ciu tric x6p va kich thuée 16
x6p dao dong tir 3 dén 5 mm. Két qua phan tich dién héa ban dau cho thay pin Li-
ion dang cuc ao sir dung vat liéu cuc am SiO2/C c6 dung luong cao, dat 1200
mAh/g tai mat do dong phong nap 1,0 A/g va van duy tri 1000 mAh/g sau 100 chu
Ki sac va giai. Piéu nay cho thiy vat ligu SiO/C diéu ché tir vo trau c6 kha nang
phuc vu tot trong pin Li-ion, véi hiéu suat 6n dinh va dung luong luu trir cao. Mot
trong nhitng wu diém néi bat cua vat liu SiO2/C nay la tinh trién vong cao, nho vao
chi phi san xuat thap, hiéu suat on dinh va tinh than thién véi méi truong. Didu nay
gilp mé rong quy md san xuat mot cach dé dang va tiét kiém, ciing nhu lam giam
tac dong tiéu cuc dén moi truong. TOm lai, nghién ctru nay da tao ra vat liéu cuc am
SiO2/C tir vo trau cho pin sac Li-ion, dem lai nhiéu tiém ning va trién vong trong
viéc phat trién cac cong nghé pin sac hiéu qua va than thién véi méi truong.

Nhu vay, viéc két hop ctua C va SiO2 cho thay tiém ning 16n nang cao dung
lugng dién hoé cua vat liéu trong céc thiét bi tich trit nang luong. Tuy nhién, cac
phuong phéap diéu ché con khéa phuc tap, mét sb ¢ong trinh tan dung ngudn carbon
va silica sin c6 tir vo trau nhung viéc nay kho kiém soét ti 1& C/SiO,. Do dé, viéc
nghién cau tim ra ti Ié thich hop cia C (tir rom) va SiO; (tir tro trau) bang phuong
phap don gian nham cai thién tinh chat dién hoa cua vat liéu dién cuc mang lai gia
tri thiét thuc. Trong noi dung nay, SiO2 x6p dugc nghién ciu diéu ché tir tro trau
bang phuong phap hoa tan - két taa va phdi tron voi than hoat tinh bién tinh N dé
nang cao tinh chit dién hoé cua vat lidu dién cyuc thu duoc.

1.7. Két ludn rat ra tir téng quan

Tir nhitng tong hop V& tinh hinh nghién ctru lién quan dén dé tai trén cho thay
viéc nghién ctu str dung ngudn carbon tir nguon thai sinh khdi néi chung va rom
no6i riéng dé ché tao vt liéu carbon tng dung lam chat hap phu xir Iy méi trudng
nuéc va vat lidu dién cuc trong cong nghé tich trir nang lwong da thu dugc két qua
kha quan. Tuy nhién, chua tim thiy cdng trinh ndo nghién ctru didu ché, céc tinh

chat Iy hda va kha ning ung dung cua vat lidu carbon tir rom, dac biét 1a lignin tur
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rom, ¢ng dung 1am chat hip phu xu ly kim loai arsenic, thuéc nhuém mau va vat
liu carbon bién tinh N, Mn, Si (SiO2 tir tro tru) ¢ng dung lam vat liéu dién cuc
mét cach rd rang va hé thong. Hon nira, theo hiéu biét cua ching t6i, day 1a 1an dau
tién ¢ Viét Nam nghién ctu tong hop vat liéu carbon tir rom bang phuong phap
thuy nhiét va tng dung cua dong vat liéu nay. Vi vay, dé tai luan an nay thuc hién
cac noi dung nghién ctru nhu sau:

- Piéu ché va khao sat kha niang hap phu MB cua than sinh hoc bang phwong
phap carbon hoa thay nhiét tir rom.

- Piéu ché va khao sat kha ning hap phu MB, As(V) va As(l11) cua than sinh
hoc tir tinh bang phuong phap carbon hda thuy nhiét tir dich chiét lignin cia rom.

- Piéu ché than hoat tinh dugc bién tinh boi N bang phuong phap nhiét phan
dich chiét lignin cua rom; diéu ché SiO x6p tir tro trau bang phwong phap hoa tan -
két taa. Khao sat tinh chat dién hoa cua than hoat tinh duoc bién tinh boi N, ¢ va
khong c6 két hop SiOa.

- Piéu ché va khao sét tinh chat dién hoa cua than hoat tinh dong bién tinh N

va Mn bang phuong phép nhiét phan dich chiét lignin cta rom.
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CHUONG 2. THUC NGHIEM

2.1. Nguyén liéu va hoa chat

Ngudn nguyén liéu rom (RS) dugc thu tir giéng lta IR50404 ¢ huyén Cao
Lanh, tinh Pong Thap. Rom sau khi thu vé dugc ria sach va phoi kho trong ba
ngay dudi anh nang mit troi. Sau d6, rom khé duoc cit nho, nghién va sang qua ray
Véi kich thudce 15 14 250 pm. Tiép theo, bot rom duoc sdy & 105 °C trong 24 gid dén
khéi lwong khong ddi. Cudi cling, bot rom duoc cho vao lo, day kin va bao quan noi
khé rao, tranh anh sang truoc tiép. Thanh phan hoa hoc caa bot rom khd dugc xac
dinh theo quy trinh phan tich thanh phan soi xo trong sinh khéi [133].

Nguyén liéu tro trau duoc lay tai lang nghé san xuét gach ngéi ¢ thanh phd
Cao Lanh, tinh Bong Thap. Tro trau sau khi thu vé dugc nghién min va sang voi
kich thugc 16 khoang 2 mm. Tiép theo, bot tro trau duoc say khd va bao quan trong
lo kin, tranh tiép xuc khong khi va anh sang truc tiép.

Hoa chat sir dung trong dé tai tat ca déu & dang tinh khiét va dugc trinh bay
trong Bang 2.1.

Bdng 2.1. Danh séch hoa chat thi nghiém

Tén goi Cong thiec hda hoc P tinh khiét Xuat xir
Potassium hydroxide KOH 85 % Xilong
Sodium chloride NaCl 99,5 Merck
Calcium chloride CaCl» 98 % Merck
Zinc chloride ZnCl; 98 % Merck
Iron (I11) chloride
hexahydrate FeCl3 6H.0 99 % Merck
Urea CO(NH2)2 99 % Merck
Sodium hydroxide NaOH 97 % Merck
Hydrochloric acid HCI 37 % Merck
Xanh methylene C16H18CISN3 99,5 % Sigma - Aldrich

o Dung dich chuan
Arsenic acid H3AsO4 Merck
1000 mg/L
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Dung dich chuan

Arsenous acid H3AsOs Sigma - Aldrich
1000 mg/L
Potassium
KMnO4 99 % Merck
permanganate
Poly (vinylidene
y_( Y (-CH2CF2)x _ _
fluoride-co- 99,5 % Sigma - Aldrich
[-CF.CF(CF3)-ly

hexafluoropropylene)
N-methyl-2-

] CsHsNO 99,5 % Merck
pyrrolidone
Sodium sulfate Na2SO4 99 % Merck

2.2. Piéu ché vat liéu hap phu

So dd tom tit quy trinh thuc nghiém caa luan 4n duoc trinh bay nhu trong

Hinh 2.1.
B W P RE
-BCNa T[T
r BC —)-BCCa - i
-BCZn {
Vit liéu
s 3 hip phu TMC-0.5 mmm
%, & MC — MC-1.0 == B As(V)
&\ ‘. L MC-1.5
: ) TR - ACNMn-1:0.01
v HTC ac«ﬂ\‘ =k p ACNMn - ACNMn-1:0.02 \
2% wed e - ACNMn-1:0.03 .
Rom ra Vit liéu — i

Nune'N” B ZACN-0.03 .
g S b ACN -ACN-0.05 ) S K
- ACN-0.07
. - ¥ ~ACNSi2% >
=== | Si0, \ ACNSi |- -ACNsis%
- ACNSi10%
Tro trau

Hinh 2.1. So d6 tém tat quy trinh thuc nghiém

2.2.1. Piéu ché than sinh hec (BC)

Than sinh hoc dugc diéu ché truc tiép tir rom bang phwong phap HTC mot

giai doan vai sy c6 miat lan luot ciia cac mudi NaCl, CaCly, ZnClo. Theo két qua

khao sat t6i uu hod thuc nghiém cia nhém nghién ciu da cong bd [134] vé céc yéu

t6 anh hudng dén qua trinh diéu ché nhu ti 1& ran/ 16ng, nhiét do va thoi gian HTC,

quy trinh diéu ché cdc mau BC dugc dua ra trong Hinh 2.2. Yéu té khao sat trong

quy trinh ndy 1a sy anh huong cua cac tdc nhan mudi khac nhau dén qua trinh HTC
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diéu ché vat liéu BC. Pau tién, liy 2,5 g bot RS tron véi 50 mL dung dich nong do
1 M cac mudi khac nhau (NaCl, CaClz, ZnCl,). Thuc hién phan ung thuy nhiét
trong ta siy vai nhiét do 180 °C va thoi gian 9 gid. Sau d6 dé ngudi vé nhiét do
phong, loc rira chat ran bang nuéc cat roi khudy véi 1 1it nuéce cat qua dém dé loai
bo hét mudi thtra trong san pham. Tiép tuc loc rira va say chat ran ¢ 105 °C trong 24
gio dé thu san pham. Can va tinh hiéu suat H (%) cua qué trinh chuyén hoa rom
thanh than sinh hoc theo biéu thirc 2.1.
H(%) = ZE5 % 100 (2.1)

mpc
trong d6, Mgrs (g) 1a khéi luong rom thd ban dau va mac (g) 1a khéi lwong san pham

than sinh hoc thu duoc.

2,5¢ 50 ml, IM

|

[ ROM J [NaCl/CaCIZ/ZnCIZ}

1) HTC 180 °C, 9 gid
2) Loc rua
3) Say 105 OC, 24 gid

BOT BC
(BCNa, BCCa, BCZn va BC-0)

Hinh 2.2. Quy trinh diéu ché than sinh hoc BC

Cac mau than sinh hoc dugc ky hiéu lan luot 12 BCNa, BCCa va BCZn.
Dong thoi tién hanh thuy nhiét miu RS trong nudc cat khong chaa mudi voi dicu
kién tuong tu dé so sanh. Mau so sanh dugc ky hiéu 1a BC-0. Cac mau vat liéu BC
s& duoc phan tich tinh chat dic trung va danh gia kha nang hap phu théng qua qué
trinh hap phu dung dich MB trong nuéc.

2.2.2. Piéu ché than sinh hgc tir tinh (MC)

Quy trinh diéu ché cac mau MC duoc rit ra tir cong trinh [110] caa nhém
nghién ciru va so d6 hod trong Hinh 2.3. Than sinh hoc tir tinh dugc diéu ché bang
phuong phap HTC qua hai giai doan. O giai doan 1, chiét lignin tir rom bang dung
dich KOH, cac yéu t6 gom ti Ié ran/ long, nong do dung dich KOH, thoi gian va
nhiét @6 HTC duoc khao sat so bo trudc d6 va ¢ dinh trong qua trinh didu ché nay.
O giai doan 2, diéu ché vat ligu MC bang qua trinh HTC hdn hop lignin/ KOH va
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dung dich FeCls, day 1a giai doan tir hod vt liéu than sinh hoc, vi vay yéu t anh
huong cua néng do6 dung dich mudi FeCls dugc khao sat. Tién trinh thi nghiém cu
thé nhu sau:

- Giai doan 1: Chiét lignin tir rom bang dung dich KOH:

L4y 15g bot RS tron véi 150 mL dung dich KOH 5%. Hon hop duoc chuyén
vao 6ng teflon c6 thé tich 250 mL rdi dat vao autoclave. Tién hanh thuy nhiét & 120
°C trong 4 gid. Sau do6, chat ran duoc loai bo bang hé théng loc chan khéng thu
dugc dung dich mau den (dich chiét lignin/ KOH).

- Giai doan 2: Biéu ché MC tir dich chiét lignin/ KOH va dung dich FeCls:

Nho tir tir 50 mL dung dich mudi FeClz véi cac nong do khac nhau (0,5; 1,0
va 1,5 M) vao 125 mL dich chiét lignin/ KOH va khudy déu trong 1 gio. Tiép theo,
chuyén hdn hop vao autoclave va thuc hién qua trinh thuy nhiét & 180 °C trong 14
gio. Loc ldy chat ran va rira sach kiém bang nudc cat. Sau do, rira san pham bang
ethanol rdi sdy & 40 °C trong 12 gio, thu dugc san pham bot mau den. Cac mau than
sinh hoc tir tinh duoc Ky hiéu lan luot 1A MC-0.5, MC-1.0 va MC-1.5.

Hai mau so sanh duogc téng hop trong diéu kién twong tu, tuy nhién véi mau
so sanh thu nhat, stir dung nudc cat thay cho dung dich FeCls (Ky hiéu mau 1a MC-
0); v&i mau so sanh thir hai, dich chiét lignin/ KOH dugc thay bang dung dich KOH
5% (Ky hiéu miu la FO). Cac mau vat lieu MC s& duoc phan tich tinh chat dic
trung va danh gia kha nang hap phu théng qua qua trinh hap phu dung dich MB,
As(V) va As(I1l) trong nudc.

ROM DUNG DICH KOH
15¢ 5%, 150 ml
l I
1) HTC 120 °C, 4 gio
2) Loc
DICH CHIET DUNG DICH FeCl,
LIGNIN/ KOH (0M; 0,5M; 1,0 Mva 1,5M)

1) Khudy 1 gio
2) HTC 180 OC, 14 gid
3) Loc, ria

{ BOT MC (MC-0; MC-0.5; MC-1.0; MC-1.5 va FO) ]

Hinh 2.3. Quy trinh diéu ché than sinh hoc tir tinh MC
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2.3. Piéu ché vat liéu dién cuc

2.3.1. Piéu ché than hoat tinh bién tinh N (ACN)

Than hoat tinh bién tinh N duoc diéu ché tir dich chiét lignin/ KOH bang
phuong phap nhiét phan trong moi truong khi tro. Quy trinh nay dugc md phong
dwa trén cong trinh cua L. Zhu va cong su [75], tuy nhién c6 diéu chinh ngudn N
bién tinh va cac diéu kién khao st tinh chat dién hoa cua vat liéu dién cuc. Ti Ié
N/AC 1a nhan t6 quan trong quyét dinh tinh chét cua san pham, do d6 luong urea
cho vao trong qua trinh diéu ché dugc khao sat. Quy trinh diéu ché cac mau ACN
duoc trinh bay trong Hinh 2.4. Lay 200 ml dich chiét lignin/ KOH, thém urea véi
cac sé mol khac nhau (0; 0,03; 0,05 va 0,07 mol). Khuay déu dung dich ri say & 80
°C dén khi tao hdn hop ran déo. HAN hop rin sau khi siy kho dwoc nung trong dong
khi N2 & 400 °C (téc do gia nhiét 2 °C/ phat) trong 1 gid, rdi tiép tuc dugc ting 1én
800 °C (téc do gia nhiét 5 °C/ phut) trong 2 gid. Bé nguoi, roi rira lai bang nudc cat
dén khi trung hoa.

Cac san pham than hoat tinh bién tinh N duoc ky hiéu lan luot 1a AC; ACN-
0.03; ACN-0.05; ACN-0.07. C4c mau vat liéu ACN s& dugc phan tich tinh chat dic
trung va danh gia tinh chat dién hoa thong qua cac phép do trén hé théng siéu ty hai

dién cuc doi Xung.

DICH CHIET UREA
LIGNIN/ KOH (0; 0,03, 0,05 va 0,07 mol)

l

1) Khudy
2) Sy 80 OC, 12 gioy
3) Nung/ N,

[ BOT ACN (AC; ACN-0.03; ACN-0.05; ACN-0.07 ]

Hinh 2.4. Quy trinh diéu ché than hoat tinh bién tinh ACN

2.3.2. Diéu ché than hogt tinh déng bién tinh N va Mn (ACNMDn)

Quy trinh diéu ché cac madu ACNMn duoc dua ra tir sy ké thira quy trinh
diéu ché ACN, két hop véi cong trinh diéu ché vat liéu dién cuc carbon bién tinh
MnO cua Ning Zhao va cong su [116] va duoc trinh bay nhu trong Hinh 2.5. Than
hoat tinh bién tinh dong thoi N, Mn duoc diéu ché véi lugng N thich hop thu duoc
tir ddy thi nghiém diéu ché ACN va thay d6i ti 1& nguyén t& Mn. Lay 200 ml dich
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chiét lignin/ KOH, thém 0,05 mol urea va lan luot cac s6 mol KMnO4 khac nhau
(0,0005; 0,0010 va 0,0015 mol). Céac budc tiép thuc hién twong tu nhu trong quy
trinh diéu ché ACN.

Sau khi nung, thu dugc cdc mau san pham carbon dong bién tinh N va Mn
duoc Ky hiéu lan luot 1a ACNMN-1:0.01; ACNMn-1:0.02 va ACNMn-1:0.03. Cac
mau vat lisu ACNMn s& duoc phan tich tinh chat dic trung va danh gia tinh chat

dién hoa thong qua cac phép do trén hé thdng siéu tu hai dién cuc ddi xing.

DICH CHIET UREA KMnO,
LIGNIN/ KOH 0,05 mol (0,0005; 0,0010; 0,0015 mol)

1) Khudy
2) Séy 80 OC, 12 gid
3) Nung/ N,

BOT ACNMN
(ACNMn-1:0.01; ACNMn-1:0.02; ACNMn-1:0.03)

Hinh 2.5. Quy trinh diéu ché than hoat tinh bién tinh ACNMn

2.3.3. Piéu ché vt ligu nano SiO;

Vit liéu nano SiO, diéu ché s& duoc phdi tron véi than hoat tinh bién tinh N
bang phuong phép co hoc va sir dung 1am vat liéu dién cuc cho siéu tu dién doi
xang. Theo két qua khao sat cac yéu t6 anh hudng dén qua trinh diéu ché (ndng do
dung dich NaOH, nong dé dung dich HCI, thoi gian gia hod, nhiét do nung va thoi
gian nung) [35], quy trinh diéu ché SiO tir tro trau bang phuong phéap hoa tan - két
taa dugc dua trong Hinh 2.6. Lay 100 gam tro cho vao 1000 mL dung dich NaOH
nong d6 6 M. Khuay déu hdn hop va gia nhiét dén 100 °C trong 4 gid (giir ¢b dinh
thé tich bang cach bo sung thém nudc cat). Pé nguoi, loai bo can ran bang céach loc
chan khéng. Tiép theo, lay 100 mL dung dich sau khi loc, thém 100 mL nuéc cat roi
nho tir tir &én hét 180 ml dung dich HCI ndng d6 4 M, thu duoc két tia. Gia hoa
két tua trong 18 gio tai nhiét do phong. Loc, rira két tua bang nudc cat dén khi hét
ion CI con lai trong mau. Sy két tua ¢ 100 °C trong 12 gid rdi nung ¢ 550 °C trong
2 gio s& thu dugc san pham bot SiOs.

San pham SiO2 duoc phan tich tinh chat dic trung dé danh gia sy phu hop
VGi yeu cau caa tng dung lam vat ligu dién cuc. Bé khao sat kha nang cai thién tinh

chat dién hoa cua vat liéu silica, SiO, dugc thay thé cho ACN-0.05 theo cac ti 1¢
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khéi lwong khac nhau (2; 5 va 10%) bang may nghién bi khi chuan bi mang dién
cuc va dugc ky hiéu lan luot 12 ACNSi2%; ACNSi5% va ACNSi10%. Cac mang
ACN/SiO; dugc lap vao md hinh siéu ty hai dién cuc ddi xang va danh gia tinh chat

dién hoa.

Dung dich NaOH
6 M

| |

1) Khudy 4 gio, 100°C

y 2) Loc

Dung dich Dung dich HCI
silicat 4 M

1) Khudy
2) Gia hoa 18 gio

Tro trau

v 3) Loc, rra
Két tia

Nung ¢ 550 °C, 2 gi¢

BOT SiO,

Hinh 2.6. Quy trinh diéu ché SiO tir tro trau

2.4. Khao sat kha ning hap phu caa vit ligu BC

Chat bi hip phu MB duogc chon dé khao sat su hap phu cua cac mau vat liéu
BC. Céc thi nghiém duoc tién hanh bang cach khudy tron (500 vong/phut) 0,1 g bot
BC va 100 mL dung dich MB véi ndng d6 ban dau mong mudn tai nhiét ¢o phong.
Sau khoang thoi gian tiép xtic da duoc xac dinh, chat hap phu BC duoc tach ra bang
cach ly tam trong 5 phat (3000 vong/phit) va phan léng c6 thé pha lodng khi can
thiét dé xac dinh ndng d6 dung dich MB con lai tai thoi diém d6. Cac thi nghiém
duogc lap 3 lan dé lay gié tri trung binh.

Trong luan &n nay, ndng d6 dung dich MB dugc xac dinh bing phwong phap
hap thu phan tor & budc sONg Amex = 664 nm trén thiét bi quang phd UV-Vis
(UV2650 Labomed - M) tai Trung tdm Thuc hanh — Thi nghiém, Truong DPai hoc
DPong Thap.
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2.4.1. Khd ndng hép phu dung dich MB ciia cac mdu BC
Pé so sanh kha ning hap phu ctia cdc mau san pham BC, cac diéu kién cua
qua trinh hap phu duoc ¢b dinh nhu sau: Nong d6 MB 90 mg/L, thai gian hip phu
la 90 phat. Hiéu suat hap phu R (%) MB trén vat liéu BC tai thoi diém t duoc tinh
toan theo biéu thuc 2.2 [135]:
R(%) = % x 100 (2.2)

trong d6, Co (Mg/L) 12 ndng d6 ctia chat bi hap phu ban dau, Ct (mg/L) la ndng do
cua chat bi hap phu tai thoi diém t (min).

Tir d6, két hop véi két qua phan tich tinh chat dic trung dé dua ra lra chon
tac nhan mudi thich hop can bo sung cho qua trinh HTC diéu ché tryc tiép vat liéu
BC tr rom.

2.4.2. Anh huong ciia thoi gian tiép xiic va déng hoc hip phu ciia miu
BCZn

Nham xac dinh thoi gian dat can bang hap phu - giai hip MB trén vat liu
BCZn, thoi gian hap phu duoc thay di trong khoang tir 0 - 105 phdt ¢ cac néng do
MB thay dbi tir 50 dén 130 mg/L. C6 dinh cac diéu kién thi nghiém con lai.

Tur céc gia tri thuc nghiém thu duoc theo su khao sat bén trén, dung lugng
hip phu gt (mg/g) MB trén vt liéu BC tai thoi diém t duogc tinh theo phuong trinh
2.3 [135]:

g, = L= 2.3)

m
trong d6, V (L) 1 thé tich dung dich va m (g) 1a lugng chat hap phu.
Dung luong hap phu tai can bang, e (mg/g), duoc tinh toan boi phuong trinh
2.4 [135]:

_ (Co—=Ce)xV
m

Qe (2.4)

trong d0, Ce 1a ndng dd can bang cua chit bi hip phu.
Pong thoi st dung hai md hinh phuong trinh dong hoc biéu kién bac nhat
(2.5) va biéu kién bac hai (2.6) lan luot nhu sau [135]:
qe = qe(1 — e~f1%) (2.5)

_dekat (2.6)

1+qek2t

q: =
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Trong d6, ki 1a hang sb toc do biéu kién bac nhat (phat™?), k. 1a hing sé téc
d6 biéu kién bac hai (g/(mg phat)) tai thoi diém t (phut).

Trén co s& d6, v& dugc cac duong phu thudc phi tuyén tinh theo hai phuong
trinh ndy, tir d6 tinh toan dwgc cac théng sé dong hoc hap phu va két luan duoc tinh
phu hop cua no.

2.4.3. Pding nhiét hdp phu ciia mdu BCZn

Pé danh gia anh huong cia nong d6 MB dén qué trinh hap phu, cac thi
nghiém dugc thyc hién véi ndng d6 MB thay doi tir 50 dén 130 mg/L, thoi gian hap
phu 1a 60 phit. Cé dinh cac diéu kién thi nghiém con lai.

Hai md hinh dang nhiét 14 Langmuir va Freundlich thuong dugc nhiéu nha
khoa hoc sir dung dé mé ta trang thai can bang hap phu [136-139]. Tir cac gia tri
thuc nghiém thu dugc theo sy khao sat bén trén (tinh toan theo cac biéu thic 2.2,
2.3 va 2.4), d@ong thoi sir dung hai moé hinh dang nhiét hap phu phd bién do la:
Langmuir (2.7), (2.8) va Freundlich (2.9) [136, 138]. Trén co s& do, vé duoc Cac
duong phu thudc phi tuyén tinh theo hai phuong trinh nay, tir d6 tinh toan dwoc cac
thong s dang nhiét hip phu va két luan dugc tinh phi hop cua no.

Phuong trinh dang nhiét hap phu Langmuir trong pha long c6 dang nhu sau:

- 9.K.Co 2.7
% 1+K,.C, (&1)

Trong d6, gm 1a dung lugng hap phu cuc dai (Mg/g), de 13 dung luong hap
phu tai thoi diém can bang (mg/g), Ce 12 ndng d6 cua chat bi hp phu tai thoi diém
can bang (mg/L), K¢ 1a hang sé hap phy Langmuir (L/mg) dic trung cho &i lyc cua
tam hap phu.

Tir gid tri KL cd thé tinh toan duoc tham sb can bang R. théng qua biéu thic:

1

R = 2.8
"1+ K.C, (28)

Céc gia tri R cho thiy su hap phu la thuan loi khi 0 < RL < 1, khdng thuan loi
khi RL > 1, tuyén tinh khi R. = 1 va thuan nghich khi R, = 0.
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Trong phuong trinh ding nhiét hap phu Freundlich, quan hé gitta dung lwong
hap phu can bang va néng do can bang cia chat bi hip phu duoc biéu dién bang
phuong trinh sau:

g.=K.C" (2.9)

Trong d6, Kr 1a hang s6 hap phu Freundlich (mg/g (L/mg)*"), 1/n (n > 1) hé
s6 dic trung cho twong tac hip phu - bi hap phu. Diéu dang chu ¥ 14 gia trj cua Kr =
ge khi Ce = 1 nén gié tri K c6 thé duoc str dung dé so sanh kha nang hap phu cua hé
dang khao sat, gia tri Kr 16n ¢ong nghia véi hé ¢6 kha nang hap phu cao. Do 16n cua
n cho biét mtc d6 thuan loi cua qué trinh hap phu, khi gié tri caa n > 1 thé hién su
hap phu thuan loi.

Ngoai ra, phan mém Origin 8.5 duoc sir dung dé dé xuat cac duong mo hinh
phi tuyén tinh trén co sd cac dir liéu thuc nghiém trong nghién ctru nay. Mot mé
hinh déng nhiét va dong hoc thich hop cho su hép thu MB trén BC, ngoai hé sb
tuong quan R? thi phan tich Chi-binh phwong (%) phi tuyén tinh ciing da duoc thuc
hién. Thong ké kiém dinh chi binh phuong vé co ban 1a tong binh phuong cua su
khac biét giira két qua thuc nghiém va két qua ky vong thu dugc bang cach tinh toan
tir cac mo hinh chia cho dit liéu twong tng thu dugc bang cach tinh toan tir cic mo

hinh, theo phuong trinh toan hoc 2.10 nhu sau [135]:

7= Z((q&equ_ qevca')z) (2.10)

trong d6, Qeexp 12 dit liéu thue nghiém vé dung luong hap phu va Gecal 13 dung luong
hap phu thu dugc bang cach tinh toan tir mé hinh. Néu dit liéu tir md hinh twong tur
nhu dit liéu thir nghiém, »? s& 1a s6 nho (y2— 0), trong khi néu chung khac nhau; y
s& 1a mot s6 1on hon [135].

2.5. Khao sat kha ning hap phu caa vt ligu MC

Ba chit 6 nhidm duoc chon 1am chat bi hap phu 1a MB, As(V) va As(l11). Tat
ca thi nghiém dugc thuc hién bang cach khuay tron (500 vong/phut) 0,1 g bot vat
lieu trong 100 mL lan luot cac dung dich MB, As(V) va As(l11) véi thoi gian, nong
d6, nhiét d6 va pH thich hop. Gia tri pH ban dau dugc diéu chinh bing cac dung
dich HCI hoic NaOH dé dat gi& tri mong mudn. Sau khoang thoi gian tiép xuc da

dugc xac dinh, chat hip phu MC duoc tach ra bang cach nam cham va phan long c6
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thé pha lodng khi can thiét dé xac dinh néng do dung dich MB hoic As(V) hoic
As(I11) con lai tai thoi diém d6. Céc thi nghiém duoc lap 3 lan dé lay gia tri trung
binh. Hiéu suit va dung luong hap phu trén vat liéu MC duoc tinh toan theo biéu
thac 2.2 va 2.3.

Nong do dung dich MB dugc xac dinh bang phuong phap hap thu phan ti ¢
budc song Amax = 664 nm trén may quang phd UV-Vis (UV2650 Labomed - My) tai
Trung tdm Thuc hanh — Thi nghiém, Truong Pai hoc Pong Thap. Nong do As(V)
va As(lll) duoc xac dinh trén thiét bi ICP-MS (Thermo Scientific iCAP Q) tai
Trung tam Kiém Dinh va Kiém Nghiém Dong Thap.

2.5.1. Khd néng hdp phu dung dich MB ciia cac mdu MC

Pé so sanh kha niang hap phu cta cdc mau san pham MC, cac diéu kién cua
qua trinh hap phu duoc ¢b dinh nhu sau: Nong d6 MB ban dau 1a 100 mg/L (pH ~
7), thoi gian hap phu 14 90 phut tai nhiét d6 phong. Dung luong hap phu MB trén
c4c mau MC duoc tinh theo cong thirc 2.3. Tir d6, két hop véi két qua phan tich tinh
chat dic trung dé dua ra lwa chon nong d6 thich hop cua dung dich FeCls cho quéa
trinh HTC diéu ché MC tir rom qua hai giai doan.

2.5.2. Khd nang héip phu MB, As(V) va As(111) ciza mdu MC-1.0

2.5.2.1. Anh hurong cua thoi gian tiép xic va dong hoc hap phy

Lan luot cho bot MC-1.0 vao dung dich MB & c4c nong do thay ddi tir 80 -
160 mg/L trong khoang thoi gian khac nhau tir 0 - 105 phdt va hai dung dich As(V),
As(111) & cac nong do thay doi tir 1,5 — 3,5 mg/L trong khoang thoi gian khac nhau
ttr 0 - 120 phdt. Chudi thi nghiém duoc thyc hién ¢ 30 °C va pH dung dich khoang 7.

Tur cac gia tri thuc nghiém thu duoc theo su khao sat bén trén (tinh toan theo
cac biéu thac 2.3 va 2.4), dong thoi sir dung hai phuong trinh mé hinh dong hoc
biéu kién bac nhat (2.5) va mé hinh dong hoc biéu kién bac hai (2.6). Trén co s¢ do,
vé duge cac duong phu thudc phi tuyén tinh theo hai phuong trinh nay, dong thoi
tinh toan céc gia tri thong ké R? va 2 (theo phuong trinh 2.10). Tir d6 tinh toan
dugc cac thdng sé dong hoc hap phu va két luan dugc tinh phu hop cua né.

2.5.2.2. Anh huéng cua nong dg va dang nhiét hap phy

Chudi thi nghiém dang nhiét hap phu duoc tién hanh ¢ cac ndng do khéc
nhau caa MB (80 - 160 mg/L), As(V) va As(lll) (1,5 — 3,5 mg/L). Thoi gian céan
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bang hip phu lan luot 60 phut dbi véi MB va 90 phut d6i voi As(V) va As(Il1).
Chubi thi nghiém dugc thuc hién ¢ 30 °C va pH dung dich khoang 7.

Tur cac gia tri thuc nghiém thu duoc theo su khao sat bén trén (tinh toan theo
c4c biéu thuc 2.2, 2.3 va 2.4), dong thoi st dung hai mé hinh ding nhiét hap phu
phd bién @6 1a: Langmuir (2.7), (2.8) va Freundlich (2.9). Trén co s d6, vé duoc
cac dudng phu thudc phi tuyén tinh theo hai phwong trinh nay, dong thoi tinh toan
cac gié tri thong k& R? va y2 (2.10). Tur d6 tinh toan dugc cac thdng sé ding nhiét
hap phu va két luan dugc tinh phi hop cua né.

2.5.2.3. Anh huwong cua pH dung dich dau

Anh huéng cua pH ban dau dén sy hap phu cac dung dich MB, As(V) va
As(111) trén mau MC-1.0 dugc nghién ctu bai su thay dbi cac gia tri pH nam trong
gidi han tir 3 dén 11. Cac diéu kién thi nghiém khac dwoc ¢ dinh nhu sau: Nong do
dau MB 120 mg/L, As(V) va As(l11) 2,5 mg/L); Thoi gian can bang hap phu la 60
phat (MB) va 90 phat (As(V) va As(I11)); Nhiét do thuc hién thi nghiém la 30 °C.
Dung lugng hap phu MB trén cac mau MC dugc tinh theo cong thirc 2.3. Tir d6 rat
ra pH phl hop cho qué trinh hap phu.

2.5.2.4. Anh hirong cua nhiét dg va nhiér déng hoc hap phu

Pé lam rd anh huong cua nhiét do dbi véi qua trinh hap phu MB, As(V) va
As(I11) trén mau MC-1.0, céc thi nghiém dwoc thuc hién ¢ cac nhiét 6 hap phu
thay doi tir 30 °C dén 50 °C (303 K - 333 K). Cac diéu kién thi nghiém khac duoc
¢ dinh nhu sau: Nong d6 dau MB 120 mg/L, As(V) va As(lll) 2,5 mg/L); Thoi
gian can bang hap phu 1a 60 phat (MB) va 90 phit (As(V) va As(l11)); Chudi thi
nghiém duoc thuc hién ¢ 30 °C va pH dung dich khoang 7. Céc bién nhiét dong
dugc nghién cau 13 nang luong ty do Gibbs (AGP), bién thién enthalpy tiéu chuan
(AHO), bién thién entropy (AS?) va hing sb can bang nhiét dong hoc (Kp). Céc thong
sb nhiét dong hoc cua qué trinh hap phu duoc tinh toan dwa trén cac biéu thic 2.11
~ 2.14 [140]:

AG° = -RTInK,, (2.11)
K, = (2.12)

Ce

AG° = AH® — TAS® (2.13)
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ASY  AHC
InK,= = —
R RT

Trong d6: ge dung luong hap phu tai thoi diém can bang (mg/g); Ko 1a hang

(2.14)

s6 can bang (L/g); R 1a hang sé khi 1y twang (8,314 J/(mol K) va Ce ndng d6 chét bi
hip phu tai thoi diém can bang (mg/L). Ning luong tu do Gibbs AGP duoc tinh toan
truc tiép tir biéu thic (2.11). Cac gié tri AH? va AS? duge xac dinh tir d6 thi phu
thugc gitra InKp va 1/T.

2.5.3. Pdnh gid khd nang tdi sir dung trén mgu MC-1.0

Kha nang tai sir dung caa MC-1.0 di dugc nghién ciru bang céch sir dung cac
dung dich giai hap ethanol cho MB [141] va dung dich HCI 0,1 M cho As(V) va
As(111) [142]. Céc thi nghiém duoc thuc hién trong diéu kién téi vu cua quéa trinh
hap phu nhu sau: 0,1 g vat liéu, nong do ban dau caa dung dich 1a 120 mg/L MB va
2.5 mg/L As(V) va As(l11), thé tich dung dich chat & nhidm la 100 mL, pH dau caa
dung dich ~ 7,0, thoi gian can bang hap phu lan luot 60 phit dbi voi MB, 90 phat
dbi vai As(V) va As(ll). Sau do, vat liu dugc tach ra khoi dung dich bing nam
cham, rdi duoc ngadm khudy trong cac dung dich giai hap phu va rira nhiéu lan voi
nuéc cat. Tiép tuc thu chat hap phu bang mot nam cham va tai sir dung dé hap phu.
Tién hanh lién tiép nam chu ky hap phu - giai hdp dé danh gia kha nang tai s dung
cua vat liéu.

2.6. Phén tich tinh chét dién ho ciia cc vit litu ACN, ACN/SiO; va ACNMn

2.6.1. Ché tgo mang dién cuc

Mang dién cuc duoc ché tao biang cach phéi tron vat lidu, carbon C65 va chat
két dinh chtra 10 % polyvinylidene difluoride (PVdF) trong dung mdi N-methyl-2-
pyrrolidone (NMP) theo ty 1¢ phan tram khdi lugng twong tng 1a 80:10:10. Céc chat
duoc can va cho vao lo nhya teflon, cho thém NMP dé diéu chinh do dic, sau do6 lac
déu trén may nghién bi trong thoi gian 30 phat, thu dugc hdn hop sét.

Tiép theo, pha hdn hop trén 1én mang nikel rdi dem say chan khong ¢ 80 °C
trong 12 gid. Mang dién cuc sau khi say kho sé duoc cat thanh hinh tron véi duong
kinh 12 mm (Hinh 2.7) dé thyc hién md hinh lp tu dién dién hoa.
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Hinh 2.7. Mang dién cuc can trén mang nikel.

2.6.2. Quy trinh lap tu dign

Tu ddi xtirng gém cé4c bo phan: 2 dién cuc dan inox, than caa hé bang Teflon,
2 mang dién cuc vat liéu than hoat tinh, mang ngian Whatman. Mang ngan duoc
tham wot boi chat dién giai NazSOs 1 M. M6 hinh siéu tu hai dién cuc ddi xtng

duoc lap nhu trong Hinh 2.8.

Hinh 2.8. M6 hinh siéu tu hai dién cuc ddi xtung

Sau khi lp tu s& tién hanh do céc théng sé dién hoa bang ba phuong phap:
Quét thé vong tuan hoan; Po phong sac dong ¢b dinh va Phé téng tro dién hoa. Cac
phép do trén mo hinh siéu tu 2 dién cuc ddi xang duoc thuc hién véi hé thong dién
hoa VMP3B-5 — Biologic, Phap (Hinh 2.9) tai Phong thi nghiém Héa Ly Ung dung,
Truong Pai hoc Khoa hoc Tu nhién, Dai hoc Quéc gia TP.HCM.

Hinh 2.9. Hé théng do dién hod VMP3B-5 - Biologic
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2.6.3. Phwong phdp quét thé vong tuan hoan

Quét thé vong tuan hoan (CV) 1a mot ky thuat phan tich dién hoa quan sat su
thay d6i cua dong dién theo tdc d6 quét trong vung thé khao sét cua hé dién hda, cac
qua trinh duogc 13p lai sau mdi chu ky. Phuong phap quét thé vong tuan hoan cung
cap thdng tin vé phan &ng oxi hda — khir xay ra trong hé bao gdm: hiéu thé, luong
dién tir va su thuan nghich va tinh lién tuc cta phan ng oxi héa — khir xay ra trong
hé. Toc do quét thay d6i dua trén muc dich cua thi nghiém, ¢ téc d6 quét cham cho
nhitng phan tich chi tiét vé nhitng phan ung dién hoa, toc do quét thé nhanh cho hé
¢6 co ché tich dién 16p kép.

Thé manh cua ky thuat do quét thé vong tuan hoan la kha nang cung cap
nhanh thng tin vé& nhiét dong hoc caa quéa trinh oxi hda — khir, ddng hoc cua qua
trinh chuyén dién tich di pha va déng hoc cua qua trinh héa hoc hoic quéa trinh hap
phu. Trong nghién ciu vé dién hoa thi phuwong phap quét thé vong tuan hoan duoc
a4p dung dé xac dinh thé oxi hoa — khir cia chat hoat dién va anh huong cua chat
dién giai dén qua trinh oxi hoa — khu.

Khi quét vé phia thé duong thi thu duoc dong anode, chat khir nhuong dién
tor dé tro thanh chat oxi héa. Nguoc lai, khi quét vé phia thé am thi dugc dong
cathode, chat oxi hoa s& nhan dién tir tré lai dé tré thanh chat khir ban dau. Qua
trinh di chuyén cua dién ti trong hé s& cung cap cac dit liéu nhiét dong hoc cua cap
chat oxi hoa - khtr, dong thoi cho biét dong hoc caa phan tng dién hda xay ra.

Trong dé tai nay, tat ca cac mau than hoat tinh bién tinh déu duogc thyuc hién
khao sat quét thé vong tuan hoan. Phép do CV duoc thuc hién trong ving thé tir -1,0
dén 0 V voi toe d6 quét tir 2 dén 100 mV/sd nhiét ¢ phong. Dién dung riéng theo
CV duoc tinh toan theo cong thac 2.15 [75]:

CCV = (2 15)

Trong d6, Ccv  Dién dung riéng tinh theo CV (F/g)
| Cudng do dong dién (A)
m  Tong khdi luong vt lidu trén 2 dién cuc (g)
v Tbc do quét thé (VI/s)
AV Hiéu dién thé (V)
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2.6.4. Phwong phdp do phéng sac dong cé dinh

Phuong phap do phéng sac dong cb dinh (GCD) la ky thuat twong (ng véi
viéc ap dat mot gia tri dong nhung gidi han thé cho ca qué trinh phong va sac.
Phuong phap nay dugc xem nhu 14 chii yéu dé kiém tra tinh chat dién hoa cua cac
hé tich trir nang luong.

CAc gia tri thu duoc tir mot dudng cong phdng sac 6 thé gitp tim hiéu ky
hon vé co ché tich dién (phan ¢ng oxi héa — khir, dan cai — phong thich ion
(Faraday) hoac tich dién 16p kép (non — Faraday)) dua trén hinh dang cia duong
cong phong — sac, thong qua thoi gian va toc do6 phong - sac cua ca qué trinh.
buong cong phdng — sac con mang tinh dinh luong khi tinh toan dién dung riéng
(F/g) cho siéu tu dién hoa. Hon nira, dd thi phong — sac con cho biét d6 6n dinh cua
vat liéu va cua toan bo hé khao sat théng qua lap lai qua cac chu ky. Céc két qua
nay két hop voi do thi quét vong tuan hoan va do thi do tong trg s& gilp cac nha
nghién ctu c6 danh gia tong quan vé tinh chat dién hoa cua vat liéu va hé tich trix
nang lugng, tir d6 dinh hudéng cho cac nghién ctu va phat trién tiép theo.

Trong dé tai nay, phép do phéng sac dong ¢ dinh dwoc thyuc hién trén tat ca
cac mau carbon hoat tinh diéu ché duoc & ving thé tir -1,0 ¢én 0 V véi mat do vi
mat do dong dién cho su phong/ sac thay doi tir 0,2 dén 5 A/g tai nhiét do phong.

2.6.5. Phwong phdp tong tré dién hoa

Phuong phap pho tong trd dién hoa (EIS) 1a phuong phap nghién ctru co ché
phan Ung dién hoda bao gém qua trinh dong hoc, 16p kép, phan trng hda hoc...; xac
dinh duoc tong tré va tim méi lién quan giita tong tro va do dan dién [143].

Céac phép do EIS trong nghién ctru nay dwoc thuc hién & dai tan sé tir 10
mHz dén 500 kHz véi dong xoay chiéu ¢ bién do 10 mV.

2.7. Phan tich tinh chat diic trung caa vat ligu

2.7.1. Nhiéu xa tia X

Phuong phap nhiéu xa tia X (XRD) dya trén nguyén tic st dung cac chum
tia X nhiéu xa trén cac mat tinh thé cta chét ran. XRD duoc st dung dé phan tich vi
céu trac nhu thanh phﬁn pha, do tinh thé, kich thudc hat trung binh cua vt liéu

thong qua vi tri, cuong d6 twrong ddi va bé rong ciia cac miii nhidu xa [144].
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Trong luan 4n nay, ky thuat XRD ding dé xac dinh thanh phan pha va do két
tinh hoa cta san pham dugc ghi trén may X D8 Advance Bruker (Puc) tai Truong
bai hoc Khoa hoc Ty nhién — Pai hoc Quéc gia Ha Noi, voi tia phat xa CuK, ¢cé
budc song A 1a 1,5406 A |, dién ap 40 KV, cudng do 40 mA, ghi & nhiét do 25 °C,
g6c quét 26 tir 10 dén 80 ° va tdc d6 quét 0,03 °s™.,

2.7.2. Phé tan sdc néng lwong tia X

Phuong phap phd tan sic nang luong tia X (EDS) dya vao viéc ghi lai phé tia
X phét ra tir vat ran do twong tac v4i cac buic xa. Pho EDS cho thong tin vé céac
nguyén t4 hoa hoc ton tai trong mau va thanh phan khdi lugng/ nguyén tir cua cac
nguyén té nay. Tuy nhién, ky thuat nay khéng chinh xac vai cac nguyén té nhe nhu
B, H [145].

Trong luan &n nay, pho EDS cua cac vat liéu duoc ghi trén thiét bi H7593 —
Horiba (Nhat Ban) tai Vién Khoa hoc Vat liéu Ung dung, Vién Han 1am Khoa hoc
va Céng nghé Viét Nam.

2.7.3. Phé héng ngogi bién déi Furier

Phuong phap phd hong ngoai bién ddi Furier (FTIR) st dung chum tia t6i
nam trong ving hong ngoai. Khi vat liéu hap thu cac tia hong ngoai, c6 thé dan dén
su dao dong trong phan tir. M&i nhom chirc trong hop chit cé nang lwong dao dong
dac trung, duoc xac dinh tai mot sb song tuong Ung. Ghi nhan duoc ) song va
cudng d6 dao dong trén phd hdng ngoai, so véi nang luong dao dong dic trung cé
thé nhan ra dugc nhém chice d6 va dinh luong duoc nd [146].

Trong luan &n nay, pho FTIR cua san pham duogc ghi trén may Iraffinity-1S -
Shimadzu (Nhat Ban) tir ving 400 dén 4000 cm'® trén nén KBr tai Trung tim Thuc
hanh — Thi nghiém, Truong Pai hoc Pdng Thép.

2.7.4. Phé tan xg Raman

Phuong phap quang pho tan xa Raman dya trén su tin xa 4nh sang don sic
trong ving kha kién, cdn hong ngoai va tir ngoai. Hai k¥ thuat FTIR va Raman duoc
st dung hd trg 13n nhau do mdi phuong phap cung cdp cac thong tin khac nhau vé
vat liéu. Phd FTIR phu thudc vao su hép thu anh sang, cho biét thong tin vé cac
nhém chirc. Trong khi d6, phd Raman cho céc thong tin vé qué trinh tan xa anh

sang, lién quan dén ciu trac va cac lién két doi xing [146].
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Trong luan &n nay, phd tan xa Raman cua cadc mau duoc do trén thiét bi
LabSpec 6 — Horiba (Nhat Ban) tir viing 50 dén 3600 cm* tai Vién Khoa hoc Vat
lieu Ung dung, Vién Han 1am Khoa hoc va Cong nghé Viét Nam.

2.7.5. Hién vi dien tir quét

Phuong phap hién vi dién tir quét (SEM) sir dung chum tia electron ning
luong cao quét qua bé mat mau dé thu duoc anh cua vat lidu. Két qua thu duoc cho
thay hinh théai (hinh dang, kich thudc) va cau trac bé mat cua vat lidu [145].

Trong luan &n nay, anh SEM cua C4c mau san pham dugc chup trén thiét bi
Hitachi-S4800 (Nhat Ban) tai Trudng Pai hoc Khoa hoc Ty nhién, Pai hoc Qudc
gia Ha Noi.

2.7.6. Hién vi dién tir truyén qua

Phuong phap hién vi dién tir truyén qua (TEM) sir dung chum electron c6
nang lugng cao chiéu xuyén qua mau mong dé tao anh cho vat lidu. Khic véi
phuong phap SEM chi cho thong tin vé hinh dang va bé mit caa vat lidu, phuong
phap TEM con cho biét hinh thai ba chiéu ciia vat liéu va cdu tric bén trong ciia vat
liu [145].

Trong luan &n nay, anh TEM cua cac mau duoc chup trén thiét bi JEM1010 —
JEOL (Nhat Ban) tai Truong Pai hoc Bach Khoa, Dai hoc Quéc gia TP.HCM.

2.7.7. Pang nhiét hap phu - khi hdp phu N2

Phuong phap dang nhiét hip phu - khtr hip phu N2 duoc st dung dé xac dinh
dién tich bé mat riéng, cac dac trung cua mao quan, thé tich va su phan bd kich
thude 16 x6p. Thé tich V khi N2 bi hap phu ti 1& voi s6 phan tir N2 bi hap phy. V phu
thudc vao ap suét can béng P, nhiét 30 T va ban chit cua vat liéu. Béng nhiét hép
phu N2 dat dugc khi tang 4p suét I&n dén 4p suét hoi bio hoa ciia khi N tai -196 °C.
Sau khi dat dén ap suét hoi bio hoa Po, ngudi ta do cac gia tri thé tich khi N2 bi hap
phu & céac ap suét tuong ddi (P/Po) giam dén thi thu duoc dudng dang nhiét giai hip
phu N2. Déi voi vat liéu mao quan trung binh, duong dang nhiét hap phu - giai hap
N2 khéng truing nhau, day 13 hién tuong tré. Tir hinh dang ctia dudng dang nhiét hip
phu - giai hap N2 ¢6 thé xac dinh dugc dang mao quéan cua vat liéu. Theo IUPAC c6

sau dang duong tré nhu Hinh 2.10a.
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Puong dang nhiét loai I twong tGng voi vat liéu vi mao quan (micropore)
hodc khong c6 mao quan (d < 2 nm). Loai II va III 1a cua vat liéu c6 mao quan 16n
hay con goi 1a dai mao quan (macroporo) (d > 50 nm). Loai IV va V 1a chi vat liéu
¢6 cu triic mao quan trung binh (mesopore) (2 nm < d < 50 nm). Loai VI rat it gap,
n6 dai dién cho vat liéu c6 cac bé mat twong ddi 16n nhu mudi carbon. Trong ting
loai ngudi ta con chia ra cac kiéu khac nhau (Hinh 2.10b) [36].

Trong luan an nay, phuong phap dang nhiét hip phu - giai hip phu N; tai -
196 °C cua vat lidu duoc do trén thiét bi Micromeritics (M¥) tai Truong Pai hoc Su

pham Ha Noi.

(a)
Hinh 2.10. C4c kiéu: (a) duong tré dang nhiét hap phu vat 1y va (b) duong tré trong

mot dang

2.7.8. Xdc dinh diém dién tich khdng pHezc

pHezc 13 gia tri pH tai d6 bé mat vat liéu c6 dién tich bang khéng (Point of
zero charge). Khi pH < pHezc, bé mit vat lidu tich dién tich dwong vi chta cac ion
H*, do d6 vat liéu s& hap phuy tot cac ion &m. Trong trudong hop pH > pHezc Vit liéu
s& hap phu tot cac ion duong [147].

Trong luan an nay, mau MC-1.0 duoc xac dinh diém pHpezc bang céch tinh
d6 léch pH. Dau tién, chuan bi cac dung dich NaCl 0,1 M va diéu chinh pH bang
dung dich NaOH hozc HCI sao cho gié tri pH ban dau (pHi) nam trong khoang tir 2
dén 12. Tiép theo, cho 0,1 g vat liéu vao binh tam giac thé tich 100 mL da c6 san 50
mL dung dich NaCl 0,1 M véi pH thich hop. Hon hop duoc lic trén may lic tron

trong 24 gio véi toe do 200 vong/ phit. Sau do, can ran duoc loc bo va do pH sau
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(pHy). Tinh gié tri chénh léch ApH (ApH = pHs — pHi) va vé& d6 thi dudng cong ApH
= f (pHi). Piém giao cua dudng cong véi truc hoanh, tic tai vi tri ApH = 0 chinh 1a

pHpzc cua vat ligu [147].
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CHUONG 3. KET QUA - THAO LUAN

3.1. Thanh phan ho4 hec cia nguyén liéu rom va tro trau

Két qua phan tich thanh phan nguyén té va thanh phan soi xo cia nguyén
licu rom duoc trinh bay trong Bang 3.1. C6 thé thiy rang, ham lugng carbon trong
mau rom ban dau 12 kha cao (49,16 %). Bong thoi, ham lwong ba polymer chinh 1a
cellulose (36,83 %), hemicellulose (27,18 %), lignin (17,2 %) nam trong khoang
thuong dwoc cong bé twong tng 12 32,0 — 38,6 % 19,7 — 35,7 % va 13,5 — 22,3 %
[32]. Két qua ching to day 1a ngudn nguyén liéu phi hop cho ing dung diéu ché vat

liéu carbon tur rom.

Bdang 3.1. Thanh phan khéi luong cac nguyén té va soi xo trong rom

Thanh phan nguyén té (%) Thanh phan s¢i xo (%)
C @) Si Cl K Ca | Cellulose  Hemicellulose Lignin
49,16 43,27 5,87 0,32 0,82 0,56 36,83 27,18 17,2

Két qua phan tich thanh phan hoa hoc caa nguyén liéu tro trau (Bang 3.2)
cho thay ty Ié khdi lwong SiO2 14 85,40 %. Diéu nay cho thay SiO; la thanh phan
cha yéu trong mau tro ban dau, phi hop ty 1& thanh phan khéi luong SiO2 trong tro
trau thuong dugc bao cao (khoang 80 dén 90 %). Vi vay, day 1a nguon nguyén lidu
thich hop dé thu hoi SiOa.

Bdang 3.2. Thanh phan khdi lugng cac chat trong tro trau

Cic chit trong tro trau Si0; Fe03 CaO MgO K20 AlOs Chét khac

Thanh phan khéi lwong (%) 8540 0,25 0,83 0,65 1,53 2,15 9,19

3.2. Két qua qua trinh diéu ché BC

3.2.1. Anh hwéng cia tac nhan muéi bién tinh dén tinh chat ciia BC

Anh chup bang may anh cua vat liéu trudc va sau khi HTC duoc thé hién
trong Hinh 3.1. Tir cac anh c6 thé nhan thiy rang mau vang cia nguyén liéu rom
ban dau (Hinh 3.1a) da chuyén sang mau mau nau den trong cac san pham than sinh
hoc, chiing té ¢ xay ra su carbon hda trong qué trinh HTC. Tuy nhién, mau khong

thém mudi (Hinh 3.1b) c6 mau nau nhat va dang hat con tho twong tu rom ban dau,
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trong khi cac mau duoc bd sung lan lwot NaCl, CaCl, va ZnCl, trong qué trinh HTC
(Hinh 3.1c, d, e) c6 mau nau dam va hat min hon. Céc ion chloride dwgc biét 1a pha
v lién két hydrogen giira cac soi polymer cellulose lién ké, tao diéu kién thuan lgi
cho qué trinh hoa tan va loai bo ching khoi sinh khéi. Cac mudi dugc thém vao
cling c6 thé x(c tac cac phan tng ngung tu va c6 thé két tua vao cac 16 x6p cua than
sinh hoc [100]. Thém nira, tir Bang 3.3 cho thiy hiéu suat chuyén hoa cia mau BC-
0 (66,1 %) cao hon cac mau BC va giam dan theo tha ty BCNa (58,4 %), BCCa
(55,8 %) va BCZn (52,7 %). Diéu nay co thé giai thich 1a viéc thém mudi lam giam
4p suat hoi ciia nuéc, do d6 ting nhiét do phan tng va hd tro tot hon qué trinh
carbon hoa theo thir ty trén [100]. Két qua nay ching to rang viéc thém mudi, dic
biét 12 ZnCl; trong qua trinh HTC da ho tro su carbon hda cta rom, phu hop véi cac
cong trinh nghién truéc day khi thém mudi trong qua trinh HTC glucose ciing nhu
mot s6 sinh khéi khac nhu 161 bap, gé thong, ... [11, 148-150].

Hinh 3.1. Anh cua cac mau (a) RS, (b) BC-0, (c) BCNa, (d) BCCa va (e) BCZn

Phd FTIR cta mau RS va cac mau BC duoc dua ra & Hinh 3.2. Tir Hinh 3.2
nhan thiy tat ca cac duong cong phd déu xuat hién cac dao dong dic trung cua vt

licu ngudn gdc sinh khéi. Trong d6, cac ving dao dong duoc ghi nhan ¢ khoang
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3420 cm (dao dong hoa tri -OH), 2920 cm™ (dao dong héa tri -CHs), 1640 cm™
(dao dong hoéa tri C=0), 1060 cm™ (dao dong bién dang -OH) va 470 cm™ (dao
dong hoa tri Si-O-Si) [140, 151-153].

Bdang 3.3. Hiéu suat chuyén hoa va hiéu suat hap phu cua RS va mau BC

STT MAau Hiéu suat chuyén héa, %  Hiéu suit hap phu, %

1 RS - 38,76
2 BC-0 66,1 62,58
3 BCNa 58,4 77,60
4 BCCa 55,8 84,27
5 BCZn 52,7 91,14

Ngoai ra, trén phé FTIR con quan sét thay cac dai hap thu & khoang 1430;
1380 va 1320 cm* duoc quy gan la ving dau van tay cua céc thanh phan khoang
chinh trong rom tuong tng 1a lignin (dao dong bién dang -O-CH3), cellulose (dao
dong bién dang -CH), hemicellulose (dao dong hoa tri C-O) [151]. Tuy nhién,
cudng do cac vang dao dong ¢ 1380, 1320 va 1060 cm™ ¢6 sy bién ddi rd rét giira
cac mau. Ddi véi cac mau BC, dao dong tai dai hap thu 1380 cm™ giam manh so voi
mau RS, chiing t6 qua trinh HTC da thuy phan mot phan cellulose. Pang cha y 1a
mau BC-Zn gan nhu khong quan sat thay hai dai hap thu tai 1320 va 1060 cm™, cho
thiy su b6 sung mudi ZnCl, hd trg tét nhat qua trinh thuy phan hemicellulose va
dehydrate hoa rom. Trong HTC, cellulose va hemicelluloses bi loai bo nhanh chong,

con lignin tuong ddi tro ciing dugc khang dinh boi Lynam va cong sy [100].

Bdng 3.4. Phan tich thanh phan nguyén t6 va cac thdng sé bé mat cua RS va
BCZn

SBET VP DP

m2lg  cmi/g nm

Miu C% O% Si% Cl% K% Ca%

RS 49,16 4327 587 032 082 0,56 1,3 0,004 21,6
BCZn 6056 36,20 256 0,13 0,31 0,24 8,0 0,051 17,2

Nhu vy su tac dong dong thoi cua HTC va ZnCl, gitp chuyén hoa tét hon

sinh khdi rom thanh san pham than sinh hoc. Hon nita, hiéu qua hap phu MB cua
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mau BCZn (91,14 %) ciing vuot troi so vai cac tac nhan mubdi khac. Do dé, mudi
ZnCl duoc chon 1am tac nhan bién tinh thich hop cho qua trinh diéu ché than sinh

hoc tir rom bing phwong phap HTC.

BCZn : Z
M
<
®
>
O
[
<~
>
2
o
Q
)/E 2920 1640 1430 \ 470 .
3420 : 1380/ 113201 1060
T I T I T I T I T T I T I
4000 3500 3000 2500 2000 1500 1000 500

Sb séng (cm™)
Hinh 3.2. Phé FTIR cua RS va cac mau BC

Nham 1am rd hon anh huéng cia sy déng bién tinh rom béi HTC va mudi
ZnCly, mot sé dic trung cau tric khéc cua vat liéu duoc thuc hién. Phan tich thanh
phan nguyén t6 va cac théng sé bé mat cua RS va BCZn dugc dua ra trong Bang 3.4.
Tir Bang 3.4 ¢6 thé nhan thdy ham luong C, dién tich bé mit riéng (Sger), thé tich 15
x6p (VP) ting dang ké va kich thudc 16 x6p (DP) giam rd rét, sau khi HTC rom
trong dung dich mudi ZnCl.. Puong dang nhiét hap phu - giai hap nitrogen ¢ 77 K
ctia RS va BCZn duoc cho trong Hinh 3.3. Theo phan loai cia IUPAC, dudng dang
nhiét hap phu - giai hap nitrogen caa mau BCZn thé hién dudng dang nhiét loai IV
va c6 mot vong tir tré gitta cac nhanh hap phu va giai hip phu, cho thiy cé su gia
tang s6 lugng mao quan dan dén maé rong cau tric xop cua vat lieu. Cac két qua nay

hoan toan phu hop véi anh SEM thu duoc (Hinh 3.4). Nhu vdy, so véi rom ban dau,



65

mau than sinh hoc bién tinh ZnCl. c6 cu tric x6p hon, dién tich bé mat riéng va thé
tich 16 x4p 16n hon. Pay 1a co s¢ chit yéu dé str dung vat lieu BCZn 1am vat liéu hap

phu hiéu qua.
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Hinh 3.3. Duong hap phu - giai hap phu (a) va Phan b kich thuéce 16 x5p (b) cua
mau RS va BCZn

Hinh 3.4. Anh SEM cta mau RS (a) va BCZn (b)

3.2.2. Ddnh gid khd ning hip phu MB trén mau BCZn

3.2.2.1. Anh huoéng cua thoi gian tiép xiic va déng hoc hdp phu

Hinh 3.5 bién dién su phu thudc cua dung lwong hip phu vao thoi gian tiép
xuc. Tir d6 thi cho thiy, kha nang hap phu cua BCZn trén thuéc nhuom MB ting
manh & giai doan dau (0 - 10 phat), sau d6 cham lai va gan nhu dat trang thai can
bang hap phu sau thoi gian khoang 30 phdit.

Ngoai ra, trén Hinh 3.5 con dua ra cac duong cong biéu dién sy hip phu theo
hai mé hinh dong hoc biéu kién bac mot va biéu kién bac hai. Cac théng s6 dong

hoc, hé s6 twong quan (R?) va Non-linear Chi-square (y2) duoc xac dinh tir hai mo
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hinh duoc liét ké trong Bang 3.5. Tur két qua thuc nghiém cho thay hdi quy phi
tuyén tinh cua sy hap phu MB trén BCZn tuan theo md hinh biéu kién bac 2 tét hon
md hinh biéu kién bac 1. Cac gia tri R ciia ching theo mé hinh biéu kién bac 2 déu
cao hon, trong khi d6 cac gia tri ¥2 thip hon so v&i md hinh biéu kién bac 1 ¢ tai
mdi néng d6 twong tng. Ngoai ra, gia tri ge thu duoc tir cac gia tri thuc nghiém

cling cho thay su phi hop v6i mé hinh dong hoc biéu kién bac 2.

90 -
Y ) 4 y { y 4
80 - —X
70 —
° ~ L e °
> 60 -
Es)
E
o 50 - - n n m u
40
50mg/L ® 70mg/L A 90 mg/L
30 - 110 mg/L 130 mg/L
Pseudo-second order fit
Pseudo-first order fit
20

T T — T T T T T T 1
0 15 30 45 60 75 90 105
Thoi gian (phut)
Hinh 3.5. Anh huong cua thoi gian tiép xtc dén dung lwong hap phu & cac nong do

MB khac nhau cua mau BCZn

Bdang 3.5. Céc thong sé dong hoc cua sy hap phu MB trén BCZn ¢ 30 °C
Co  Geop M0 hinh bidu kiénbac 1 MO0 hinh bidu kién bac 2
(mg/L) (mg/g) ka Qe.cal R? 7 ko Qecat R%Z2 2
(min™) (mg/g) (9/mg min)  (mg/g)

50 49.23 0.1883 47.77 0.896 3.827 0.0067 50.60 0.994 0.177
70 68.14 0.1849 65.36 0.898 4.411 0.0047 69.37 0.999 0.102
90 82.03 0.1816 79.35 0.899 5.935 0.0039 83.22 0.996 0.030
110 83.79 0.1809 80.96 0.900 5.978 0.0038 84.94 0.997 0.029
130 86.34 0.1737 83.16 0.904 5.596 0.0035 87.47 0.997 0.031
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3.2.2.2. Pang nhiét hap phu

Hinh 3.6 biéu didn cac duong diang nhiét Langmuir va Freundlich duoc

chuan hoa theo dir liéu thuc nghiém. Cac két qua duoc trinh bay dugc trong Bang
3.6. C6 thé nhan thay, cac gia tri R? theo mo hinh Langmuir cao hon va gia tri y?
thip hon so v6i mé hinh Freundlich. Hon nita, két qua gmax = 86,55 mg/g tinh toan
theo ly thuyét tir md hinh hap phu don 16p Langmuir kha phd hop véi cac gia tri
Qeexp thu duoc tir thuc nghiém. Piéu nay ching to sy hap phu MB trén BCZn tuén
theo mé hinh dang nhiét Langmuir. Gia tri R. thuc khoang tir 0 dén 1, chitng minh

su hap phu MB trén BCZn xay ra thuan loi.
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Hinh 3.6. Dix liéu thuc nghiém va cac duong dang nhiét hap phu theo mé hinh

dang nhiét Langmuir va Freundlich

Bdang 3.6. Cac thong sb dang nhiét caa sy hap phu MB trén BCZn

M&é hinh ding nhiét Langmuir ~ Mé hinh dang nhiét Freundlich
Qe.exp

Omax KL R R? 42 Kg Ne R2 2

maq/
M9 ge) (Umg) (mglg L mgtn)

86,80 86,55 2,645 0,0030,997 0,027 62,08 9,996 0,834 33,443
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So sanh véi cac cong trinh di cong bd, dung lugng hap phu cuc dai MB trén
BCZn c6 thé canh tranh vai nhiéu chat hap phu dugc bao céo trude day [101, 154,
155]. Nhu vay, tir ngudn thai rom da diéu ché vat liéu than sinh hoc bang phuong
phap don gian, chi phi thip, kha ning hap phuy tdt trong Xt Iy méi treong nude thai.

3.3. Két qua qua trinh diéu ché MC

3.3.1. Anh hwéng ciia néng dé dung dich FeClz dén tinh chdt ciia MC

Gian d6 XRD cua FO va cac mau MC duoc cho trong Hinh 3.7. B4i véi cac
mau so sanh, trong FO xuat hién céc pic dic trung cia pha tinh thé hematite Fe2Os
(JCPDS 00-001-1053) tai cac vi tri 20 = 24,51; 33,31; 35,90; 40,89; 49,57; 53,95;
62,25; 63,81 °, trong khi mau MC-0 c6 mét pic rong & khoang 20 = 22 ° duoc cho la
cua tinh thé carbon mai hinh thanh hoic tir lignin va SiOz trong cac ngudn thai sinh
khéi [103, 105, 156, 157].

4 Fe,0, : ¢ X X X
¢+ ¢+ ¢+ +
. . ! ! MC-1.0
3: 1 : 1 1 1
S ! ! ! ; : MC-0.5
<O 1
© X X X X X
c) 1 . 1 1 1 1
C 1 1 1 1 1
rg 1 . 1 1 1
1 . 1 1 1
O X X X X
o || L e ®
1 o ' [ a0
X X X X FO
e e ! D MC-0
T T T L T T T LA E— T T
20 30 40 50 60 70 80
2 theta (degree)

Hinh 3.7. Gian do XRD cua FO va cac mau MC

Déi véi cac mau MC, ca 3 mau déu cho thay xuét hién cac pic dic trung cua
cac pha tinh thé tir tinh magnetile FesOs (JCPDS 00-019-0629) tai cac vi tri 20 =
30,46; 35,86; 43,58; 57,25; 62,65 °. Diéu nay cho thiy cac ion Fe3* duoc bd sung
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trong qué trinh HTC da bi khir mot phan bai carbon tir sinh khdi thanh céc ion Fe?*, sau

cuing duoc chuyén hoé thanh FesO4 [105, 158] theo cac phuong trinh sau:

FeCl; + 3KOH — Fe(OH); + 3KCI (16)
Fe(OH); — FeOOH + H.0 (17)
2FeOOH — Fe03 + H20 (18)
2Fe;03 + C — 2Fes04 + CO (19)

Ngoai ra, cuong do céc pic cua pha FesOq ti 16 véi nong dd mudi FeCls thém
vao. Nhu véy, khi luong Fe3* ting s& gilp hd tro qua trinh hinh thanh tinh thé

magnetile trong vat licu MC.

Do truyén qua (%)
z
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o
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Hinh 3.8. Phd FTIR cua FO va cac mau MC

Phd FTIR cua FO va cac mau MC dugc dua ra ¢ Hinh 3.8. C6 thé thay rang,
ca nam mau déu cd dai hap thu rong & khoang 3420 cm™ ang véi dao dong kéo dai
ctia nhdm -OH [159]. Béi véi cac mau MC, cac dai ¢ 2920 cm™ va 2850 cm ¢d thé
dugc gan cho dao dong hod tri C-H cua cac nhém methyl va methylene [160]. Boi

v6i mau MC-0, xuat hién dai hap thu cuc dai & vi tri 1110 cm™ c6 thé gan cho dao
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d6ng hoa tri C-O cua lignin hoic dao dong hoa tri Si-O-Si va dao dong bién dang
uén cua Si-O-Si & 798 cm™ [161, 162]. Di voi cac mau MC c6 chtra Fe, dao dong
kéo dai cua C-O duoc dich chuyén dén 1000 cm™ [163]. Nhin chung, cudng do cua
tat ca cac pic trong MC c6 chira Fe déu thap hon so voi MC-0 va ¢6 sy dich chuyén
nhe, chirng té phan tng hda hoc da xay ra khi cho Fe** vao dung dich. Pang cha y
la xuat hién dinh hip thu & 560 cm™ va cuong do cua ching ting dan tir mau MC-
0.5 dén MH-1.5 duoc cho 1a do dao dong hoa tri cua lién két Fe-O [102].
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Hinh 3.9. Puong cong tir hod caa cac mau MC va kha ning thu hoi bang tir truong

ngoai cia mau MC-1.0

Tir cac duong cong tir hoa (Hinh 3.9) cho thay d tir hoa cua cac mau MC-
0.5, MC-1.0, MC-1.5 tang dan, lan luot dat khoang 18,97; 33,7 va 48,8 emu/g. Nhin
chung, cac mau c6 do tir hoé cao va vt lidu cd thé duoc tach ra khoi dung dich sau
khi hap phy, dic biét 1a khi nong do dung dich FeCls > 1,0 M. Piéu nay cho thay su
phu hop véi két qua phan tich XRD va FTIR rang cac vat liéu than sinh hoc tir tinh
c6 thé thu hoi dé tai st dung mot cach dé dang bang tir trudng ngoai sau qué trinh
hap phu [164, 165].

Pé xac dinh nong d6 dung dich FeCls thich hop cho qué trinh diéu ché MC,

kha nang hap phu MB trén cac mau MC duoc tién hanh trong cung diéu kién thir
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nghiém. Dung luong hap phu theo thoi gian cua cac mau MC dwoc biéu dién trong
Hinh 3.10. C6 thé thay rang tai cing mot thoi diém, kha ning hap phu lubn theo thir
tu MC-0.5 ~ MC-1.0 > MC-1.5. Khi hé dat trang thai can bang hap phu, dung luong
hap phu cua cac mau MC-0.5, MC-1.0, MC-1.5 dat duoc lan luot 12 98,07; 97,40 va
82,14 mg/g. Nhu vay, mau MC-1.0 vira ¢6 kha ning hap phu tét, vira c6 do tir hoa
cao, do d6 duoc chon dé thuc hién cac phan tich dic trung chuyén sau nham 1am rd

cAu trlc vat liéu than sinh hoc tur tinh.

1004 @
00 “ - -
5 )
o 80 4 pY A —— —h————4
=
3.
s
o 60
«(0
e
2
%‘ 40 —=&— MC-0.5
= —e— MC-1.0
2 —A— MC-1.5
> -
A 20
0] 4

0 15 30 45 60 75 90
Thoi gian (phut)
Hinh 3.10. Dung lugng hap phu theo thoi gian cia cac mau MC

Puong dang nhiét hap phu - giai hap nitrogen & 77 K va cac thong sb bé mat
cia MC-0 va MC-1.0 dugc trinh bay trong Hinh 3.11 va Bang 3.7. Mau MC-0 c6
dién tich bé mat riéng va thé tich 16 xdp déu thip, twong tng 1a 6,6 m?/g va 0,032
cm®/g. Piéu tha vi la trong mau MC-1.0, c6 su gia ting dang ké Seer = 171,4 m?/g;
VP = 0,154 cm3/g. Theo phan loai cua IUPAC, duong diang nhiét hap phu-giai hap
nitrogen cia mau MC-1.0 thé hién duong dang nhiét loai IV va c6 mot vong tir tré
giita cac nhanh hap phu va giai hap phu cua chung, diéu ndy cho thay sy hién dién
cua cau trdc mesopore trong vat liéu. Hon nira, kich thuéc 16 x6p cua MC-1.0 1a
4,43 nm (nam trong khoang 2 - 50 nm), chiing to su hién dién cia cau trdc
mesopore trong MC-1.0 [98, 166].
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Hinh 3.11.Duong hap phu - giai hap phu (a) va Phan b kich thudce 16 x6p (b) cua
mau MC-0 va MC-1.0

Bang 3.7. Céc thong sb bé mat cia cac mau MC-0 va MC-1.0

Mau SeeT (M?/Q) VP (cm®/g) DP (nm)
MC-0 6,6 0,032 23,01
MC-1.0 1714 0,154 4,43

Rom_tu_tinh [ TEM ]
JEM-1400 100KV x30k 100%

119

Hinh 3.12. Anh TEM (&), SEM (b) caa mau MC-1.0

Tir anh TEM caa mau MC-1.0 (Hinh 3.12a) cho thdy san pham gém cac hat
¢6 kich thuéc khoang 100 - 200 nm. Cung véi két qua thu dugc tir phuong phap
hién vi SEM (Hinh 3.12b) c6 thé thay rang san pham MC-1.0 c6 céu trac tuong ddi
x6p, mot tinh chat quan trong 1am nang cao hiéu qua hap phu cho vat liéu than sinh
hoc tir tinh. Phd chup EDX (Hinh 3.13a) cho thdy mau MC-1.0 c6 thanh phan khoi
lwong nguyén té cha yéu 1a C (19,21 %), O (34,38 %) va Fe (42,24 %). Tu day co
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thé tinh toan duoc ti 18 khéi luong C : FesOq thich hop trong mau than sinh hoc tir
tinh 12 58,33 : 19,21, twong rng khoang 3 : 1. pHpzc cia mau MC-1.0 duoc xac dinh
14 6,32 (Hinh 3.13b).

Element € (0] Si Fe Totals

Weight, % 19.21 | 34.38 | 4.16 | 42.24 100

0 1 2 3 ) 5 6 7 8
ull Scale 9850 cts Cursor: 0.000 keV|
3d .

2 " 4 ' : é ' lIO ' ll2
\ / pH;
[ ] /.

4\

Hinh 3.13. a) Ph EDS va b) Do thj xac dinh pHpzc caia mau MC-1.0

3.3.2. Pdnh gid khd nang hép phu MB, As(V) va As(111) trén méu MC-1.0

3.3.2.1. Anh huéng cua thoi gian tiép xic va dong hoc hap phu

Céc nghién ciru dong hoc hap phu 1a rat can thiét vi cung cap thong tin veé
hiéu qua va co ché caa qué trinh hap phu. Két qua nghién ctru dong hoc hip phu cua
thudc nhuom MB, As(V) va As(l1l) trén MC-1.0 dugc trinh bay trong Hinh 3.14.
Kha niang hap phy caa MC-1.0 trén thuéc nhugm MB ting manh & giai doan dau (0

- 10 ph(t), sau d6 cham lai va gan nhu dat trang thai can bang sau thoi gian 30 phut.
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Trong khi dé, kha ning hap phu caa MC-1.0 trén As(V) va As(lll) ting nhanh &
khoang 30 phut dau, sau dé ting cham va gan nhu dat trang thai can bing sau
khoang 75 phut tiép xuc. Vi vdy, dé chic chin rang can bang duoc thiét lap, thoi
gian hap phu dugc chon cho cac thi nghiém tiép theo 1a 60 phut d6i véi MB, 90
phut di véi As(V) va As(I11).

Ngoai ra, trén Hinh 3.14 con c6 cac duong cong biéu dién sy hip phu theo
hai mé hinh dong hoc biéu kién bac mot va biéu kién bac hai. Cac théng s6 dong
hoc, hé sb tuong quan (R?) va Chi-square (y) phi tuyén tinh dugc xac dinh tir hai
mé hinh duoc trinh bay trong Bang 3.8. Két qua thu duoc cho thiy dit liéu thuc
nghiém cua su hap phu tuan theo héi quy phi tuyén tinh cia md hinh biéu kién bac
2 t6t hon mé hinh biéu kién bac 1. C4c gia tri R? theo mé hinh biéu kién bac 2 déu
cao hon va céc gia tri 2 thap hon so v6i mé hinh biéu kién bac 1 ¢ tai mdi nong do
tuong ung. Hon nita, gia tri ge thu dugc tir thyc nghiém ph hop vai md hinh biéu
kién bac 2 hon mo hinh biéu kién bac 1. Nhiéu cong trinh nghién ctu hap phu MB

va As trén vat lidu carbon tir tinh ciing dua ra két qua tuong tu [167-170].

Bdang 3.8. Céc théng s6 dong hoc cua sy hap phu MB, As(V) va As(l11) trén
MC-1.0 ¢ 30 °C

M6 hinh biéu kién bac 1 M6 hinh bidu kién bac 2

Chf'it bl Co Qe.exp

hép phl.l mg/L mg/g ki Qecal 2 2 k2 Qecal 2 2
mint  mg/g R X g/mg min mg/g R x

80 79.74 03357 76.94 0.864 3.043 0.0071 80.87 0.987 0.274
100 98.03 0.2972 9456 0.875 4.403 0.0050 99.72 0.986 0.459
MB 120 108.35 0.2870 104.55 0.900 3.950 0.0042 110.51 0.994 0.207
140 11091 0.2830 106.58 0.899 4.120 0.0041 112.78 0.995 0.193
160 112,57 0.2796 107.75 0.893 4.473 0.0039 11412 0.994 0.244

1.5 1482 0.3325 1.442 0.867 0.059 0.3774 1.507 0.987 0.006
2.0 1929 0.3084 1.880 0.915 0.053 0.2608 1.971 0.998 0.001
As(V) 2.5 2179 0.2784 2.119 0.902 0.089 0.2049 2.227 0.993 0.006
3.0 2257 0.2752 2.189 0.888 0.104 0.1961 2.302 0.991 0.009
3.5 2312 02713 2239 0.886 0.108 0.1855 2.362 0.989 0.010

1.5 1.404 03176 1362 0.857 0.067 0.3793 1.426 0.981 0.008
2.0 1.763 0.2635 1.714 0.936 0.051 0.2362 1.806 0.998 0.001
As(ll) 25 1938 0.2264 1.867 0.937 0.073 0.1795 1.978 0.997 0.003
3.0 1954 0.2189 1.897 0.931 0.085 0.1709 2.002 0.995 0.006
3.5 1964 0.2178 1905 0.928 0.092 0.1689 2.015 0.994 0.008
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Hinh 3.14. Anh huéng cua thoi gian tiép xtac dén dung lwong hap phu ¢ cac néng do

khac nhau caa mau MC-1.0
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3.3.2.2. Anh huong ciia nong do va dang nhiét hap phu

Hinh 3.15 cho thdy su anh huong cua néng do dung dich MB, As(V) va
As(111) ban dau dén kha ning hip phu cia mau MC-1.0. Dung luong hap phu MB
va As trén MC-1.0 lan luot tang nhanh trong khoang nong d6 80 - 120 mg/L va 1,5
— 2,5 mg/L. Sau d6 néu tiép tuc ting ndng d6 ban dau caa MB > 120 mg/L va As >
2,5 mg/L, dung lwong hap phu ting cham, gan nhu khong dang ké. Dung lugng hap
phu MB, As(V) va As(l11) cia MC-1.0 lan luot dat gié tri cao nhat 1a 112,57 mg/L
(tai nong d6 MB ban dau 160 mg/L), 2,312 mg/L va 1,964 mg/L (tai ndng do ban
dau As(V) va As(I11) 3,5 mg/L).
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Hinh 3.15. Anh hudng ctia ndng do dung dich ban dau dén dung lwong va hiéu suat

loai bo cua mau MC-1.0.

Dung luong hap phu ting 1a do & ndng do cao hon cua cac chat bi hap phy,
luc truyén khéi 16n hon va ting sé lwong va cham giira cac phan tir chét bi hip phu
va MC-1.0, gilp cho c4c tam hap phu c6 san trén bé mat vat liéu dé dang tham gia

lien két hon. Ngoai ra, Hinh 3.15 ciing cho thdy hiéu suat hap phu MB, As(V) va
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As(111) tren MC-1.0 giam khi ting ndng do cac chit bi hip phu ban dau ting. Hiéu
suat hap phu giam 1a do sé luong cac tm hoat dong trén bé miat MC-1.0 giam khi
ting ndng d6 chat ban dau [170-172]. Pang quan tdm 1a véi ndng do ban dau MB <
120 mg/L va As(V), As(ll1) < 2,5 mg/L, lan luot trén 80 % chat & nhiém di duoc
loai bo khoi dung dich, cho thay hiéu qua caa MC-1.0 trong viéc tng dung lam vat
lieu hap phu xur Iy nuéc 6 nhidm bai MB, As(V) va As(l11).
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Hinh 3.16. D liéu thuc nghiém va cac duong dang nhiét hap phu theo mé hinh

Langmuir va Freundlich trén MC-1.0

Bang 3.9. Céc thdng sb dang nhiét caa sy hap phy trén MC-1.0 ¢ 30 °C

] M6 hinh ding nhiét Langmuir Mo hinh ding nhiét Freundlich
Chﬁt bi qeyexp
£ Qmax Ku 2 Ke 2 2
hap phu mg/g R. R? Ne R X
mg/lg L/mg mg/g L™V mg¥/n
MB  110.63 110.64 2.518 0.003 0.996 0.027 84.138 12.546 0.884 24.427
As(V) 231 2285 81.919 0.003 0.985 0.003 2.325 10.950 0.904 0.608

As(lll) 119 2.034 2269 0.012 0.987 0.001 1.934 9.783 0.830 0.311
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Bang 3.10.
cac chat hap phu khac

Bang so sanh do tir hoa va dung lwong hap phu cua MC-1.0 Vi

o Piéu kién Do tir hoa, Omax, Mg/g Cong
Nguyén li¢u , .
tong hop emu/g MB  As(V) As(lll) trinh
Pé
HTC 18,97 —
Rom, FeCls;, KOH _ 1106 2,31 1,19 tai
180 °C, 14 gio 48,80 .
nay
Vo ca phé, FeCls, HTC
. 7,05 78 - - [102]
FeSOa4, NH3 220 °C, 6 gio
. HTC
Bot giay, FeCls ) 2 11,03 - - [103]
200 °C, 1 gio
Fe(NO3)3, NaOH, Nhiét phan
_ 30,74 72 - - [173]
ethylene glycol 800 °C, 2 gio
Chitosan, FeCl;,
Thuy phéan 22,7 50,37 - - [174]
FeCls, NH3
FeCl,, FeCls, NH3,
Thuy phén 58,7 43,15 - - [175]
TEOS
2 Nhiét phan
Bot giay, FeCls ] - - 2,00 0,71 [106]
500 °C, 2 gio
Ngam, sa
Than hoat tinh, J y
100 °C, 10 gio, - - 1,95 - [176]
FeClz2, KOH o
nhiéu lan
) Nhiét phan
Vo trau, FeCls ) - - - 0,09 [177]
600 °C, 1 gio
o Nhiét phan
Vo lba mi, FeCls ) - - - 0,11 [177]
600 °C, 1 gio

Hinh 3.16 biéu din cic duong diang nhiét Langmuir va Freundlich duoc

chuan hoa theo dir liéu thyc nghiém. Cac két qua duoc trinh bay dugc trong Bang

3.9. C6 thé nhan thiy, ca hai duong ding nhiét Langmuir va Freundlich cia MB,

As(V) va As(II) déu c6 hé sb twong quan 16n. Cac gia tri cian > 1 va R v6i 0 <RL
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< 1, chung t6 rang su hap phu MB, As(V) va As(l11) trén MC-1.0 dién ra thuan loi.
Tuy nhién, cac hé sé tuong quan R? va cac két qua gmax tinh toan theo ly thuyét tir
md hinh hap phu don 16p Langmuir phil hop véi cac gid tri geexp thu duoc tir thyuc
nghiém hon so véi mé hinh Freundlich. Diéu ndy chiing to su hap phu trén MC-1.0
tudn theo mé hinh ding nhiét Langmuir. Piéu nay phl hop véi mot sé cdng trinh
nghién ctru dang nhiét hip phu MB va As trén vat liéu diéu ché tir sinh khéi [169,
178-181].

Bang 3.10 so sanh dung luong hap phu cua MC-1.0 véi céc chat hip phu
khac nhau. Két qua cho thay, dung luong hap phu MB, As(V) va As(lll) trén MC-
1.0 16n hon so vé&i nhiéu chat hap phu dugc bao cdo trude day. Nhu vay, bang
phuong phap diéu ché don gian va nguyén liéu ré tién, ¢ thé diéu ché duoc vat ligu
carbon tir tinh hap phu MB, As(l11) va As(V) tot, dé thu hoi bang tir truong ngoai,
hira hen mot dong vat liéu hiéu qua kinh té cao trong xir Iy méi trudong nudc & nhigm.

3.3.2.3. Anh hwrong cua pH dung dich dau

D6 pH cua dung dich ban dau c6 vai trd quan trong trong qué trinh hap phu
cua vat liéu, dac biét 1a vé hiéu qua hap phu [182]. Su thay d6i dién tich bé mit cua
MC-1.0 theo gié tri pH lam thay d6i hiéu qua hap phu MB, As(V) va As(l11) trong
dung dich [183]. Anh huong cua pH dung dich ban dau dén su hap phu cia MB,
As(V) va As(ll1) trén MC-1.0 dugc mo ta trong Hinh 3.17.

Tir Hinh 3.17a cho thay kha nang hap phu MB cua vt liéu than sinh hoc tir
tinh MC-1.0 tang tir 3 dén 7 va thay dbi nhe khi pH dung dich vuot qua 7. Nhu da
biét, dien tich bé mat cua vat liéu duoc danh gia bang diém dién tich khéng pHezc,
khi pH < pHpzc thi bé mit vat liéu tich dién duong va khi pH > pHezc, bé mat tich
dién am. Trong truong hop nay, pHezc cua MC-1.0 1a khoang 6,32 (Hinh 3.13b). O
pH thap, kha niang hap phu thap 1a do luc ddy tinh dién gitra cation MB va céc vj tri
hoat dong tich dién duong trén MC-1.0. Lyuc hut tinh dién xay ra gitta cac vi tri hoat
dong am trén MC-1.0 va ion cation MB & mtic pH cao hon, tao diéu kién cho qué
trinh hap phu dién ra thuan loi hon.

Hinh 3.17b chi ra rang pH thuan loi nhit & cho su hap phu As(V) 1a 7 va
As(111) 1a 9 trén vat lieu MC-1.0. Ddi véi acid HsAsO4 (pKai, pKaz va pKas tuong
tng 12 2,1; 6,7 va 11,2 [184])), cd thé thay rang ngoai su tao phac bé mat voi vat
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liéu than sinh hoc tir tinh [185], & pH < 7, MC-1.0 vai cac vi tri hoat dong tich dién
dwong c6 thé thu hit cac ion arsenate (H2AsOs", HASO4>), lam ting kha ning hap
phu tir 84,12 % 1én 86,6 %. Nguoc lai, & d6 pH dao dong tir 7 d&én 11, MC-1.0 véi
cac tam hoat dong tich dién am sé& tc ché su hap phu As(V) do OH- canh tranh véi

c4c ion arsenate, dan dén giam san lwong xudng con 83,54 % [186].
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Hinh 3.17. Anh hudng cua pH dung dich dau dén kha nang hap phu MB, As(V) va
As(I11) trén mau MC-1.0
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.
X

Véi acid HsAsOs (pKai, pKaz va pKas lan luot 12 9,1, 12,1 va 13,4 [184]),
khi pH > 9 s& xuit hién twong tac day giita cac tdm hoat dong tich dién &m cua MC-
1.0 véi cé4c ion arsenite, dan dén giam su hap phu As(I11). Trong khi d6, & pH < 9,
kha nang hap phu tang dan do sy tao phic cua As(l11) véi magnetite FesOq ting dan
trong khoang pH nay [187], ching to c6 su tao phirc bé mit trong qua trinh hap phu.
Két qua nay cho thay kha nang hap phu As cua vat liéu than sinh hoc tir tinh phu
thudc chir yéu vao hai yéu té tuong tac tinh dién va sy tao phac bé mit. Ngoai ra,

dwa céc gia tri pka co thé ly giai tai sao nhin chung dung lwong hap phu cuc dai cua
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As(V) (2,28 mg/g) cao hon so vai As(l11) (2,03 mg/g). Nguyén nhan la do tuong tac
tinh dién cua vat liéu véi cac ion arsenate I6n hon phan tir trung hoa H3AsOs trong
vung pH khao sat.

3.3.2.4. Nhiét d@éng hoc hap phu

Céc thdng sb nhiét dong luc hoc co thé duoc str dung dé danh gia dinh huéng
va tinh kha thi cua cac phan tng hip phu. Cac gia tri cia AH® va AS® duoc tinh tur
d6 dbc va giao diém cua hdi quy tuyén tinh cua InKp so véi 1/T (Hinh 3.18), qua d6
xac dinh duoc gia tri AGP. Két qua tinh toan duoc cho trong Bang 3.11 cho thay cac
gia tri am cua AG®, chi ra riang cac qua trinh hap phu MB, As(V) va As(lIl) trén
MC-1.0 1a tu phat va thuan loi vé mat nhiét dong luc. Dong thoi, nhan thay khi ting
nhiét d6 AG® tré nén &m nhiéu hon cho thay sy hap phu MB, As(V) va As(l11) hiéu
qua hon ¢ nhiét do cao, do d6 qua trinh hap phu nay co thé duoc coi la mot qué
trinh thu nhiét.

25 a) MB
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Hinh 3.18.D4 thi biéu dién su phu thudc InkD vao 1/T cua su hap phu trén MC-1.0
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Tat ca déu c6 cac gia tri AH® duong, chting t6 rang cac phan wng hap phu cua
cac thuéc nhuom nay 1a thu nhiét. Gié tri duong ctua AH® thu dugc ciing dugc tim
thiy & mot s cong trinh [106, 158, 179, 188]. D6 16n cia AH® duogc sir dung dé chi
ra sy hap phu 1a vat Iy hoic hda hoc. N6i chung, nhiét trao doi trong qué trinh hap
phu vat Iy thudong roi vao khoang 0 to 20 kJ/mol, trong khi nhiét hap phu hda hoc
thudng roi vao khoang 80 to 200 ki/mol [171]. O déy, su hip phu MB trén MC-1.0
c6 gia tri AH® 12 15,06 kJ/mol, tic 14 nim trong gigi han tir 0 to 20 kJ/mol nén su
hap phu nay chu yéu Ia vat ly [140]. Trong khi do, su hap phu As(V) va As(l11) trén
MC-1.0 c6 gié tri AH® 12 22.32 kJ/mol va 21,67 kJ/mol tirc 1a ndm trong gidi han tur
20 dén 80 kd/mol nén sy hap phu chii yéu la vat ly, dong thoi sy hap phu héa hoc
cling ¢ thé ton tai [106, 189]. Céac gié tri duwong ctia AS° chi ra &i lyc cua MC d6i
v6i MB va As tang tinh ngau nhién & giao dién ran/long trong qua trinh hap phu.
Céc két qua tuong tu ciing dugc béo cao dbi véi su hap phu MB [140, 158] va As
[106, 188, 189] trén than sinh hoc.

Bang 3.11.  Céc thong s6 nhiét dong caa su hap phu trén MC-1.0 & cac

nhiét do khac nhau

A A 0 0 0
Chat bj hap phy Nh(llit)dg (J/rﬁil K) (kJA/:oI) (kJA/ﬁol)

303 5,38

MB 313 67,41 15,06 6,01
323 6,73

303 4,70

As(V) 313 89,10 22,32 5,51
323 6,49

303 2,95

As(lll) 313 81,16 21,67 3,68
323 4,57

3.3.2.5. Khd nang tdi sinh

Kha nang tai sinh cia vat liéu rat quan trong dbi véi ung dung thyc té. Nhu
thé hién trong Hinh 3.19, sau nim chu ky, chi ¢6 sy giam rat it trong viéc loai bo tur
107,32 xudng 98,73 mg/g ddi véi MB, tir 2,165 xudng 1,992 mg/g ddi véi As(V) va
tir 1,907 xudng 1,755 mg/g dbi vai As(l11). Tat ca déu c6 kha ning sir dung trén 90
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% sau nam chu ky, cho thiy rang MC-1.0 kha ning tai sinh cao trong viéc ting dung dé
xtr ly MB, As(V) va As(llI).
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Hinh 3.19. Kha ning tai sinh sau khi hap phu (a) MB, (b) As(V) va (c) As(l1l) trén
mau MC-1.0

3.4. Két qua qua trinh diéu ché SiO;

Nham x4c dinh nhiét do nung thich hop cho quéa trinh khao sat, mau két taa
sau khi gia ho& dugc phan tich TGA dé danh gia sy thay doi khdi luong theo nhiét
d6 (Hinh 3.20). Két qua cho thdy, c6 thé chia 1am hai giai doan mat khoi lugng chi
yéu. Mot 13, giai doan nam trong khoang nhiét do tir 78 dén 200 °C, giam 15,94 %
khdi luong. Su giam khdi lwong trong giai doan nay dwoc cho 1 qué trinh mét cac
phan tir nude hap phy trén bé mat, mat nudc trong cau tric va qua trinh chay phan
hity cac hop chit hiru co. Hai 14, giai doan nam trong khoang nhiét d tir 200 °C dén
800 °C, giam 5,97 % khdi luong. Giai doan nay dugc cho 1 qua trinh tiép tuc chay

cac hop chét hitu co c6 nhiét chay cao va phan phay mot s6 hop chat mudi vé co c6
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trong tro trau.

Nhin chung, trong viing tir 450 dén 750°C vat liéu SiO, twong d6i 6n dinh vé
mit khéi luong. Tuy nhién, khi nhiét d6 nung trén 550 °C c6 thé dan dén sy két khoi
manh gitra cac hat SiO2 lam tang kich thudc hat tinh thé, giam dién tich bé mat
riéng cua SiO2 [34]. Do d6, nhiét do nung két tua dugc chon dé thu san pham SiO;
thich hop 1a 550 °C.
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Hinh 3.20. Gian d6 TGA ctia mau két tia thu duoc sau gia hoa

Két qua ghi phé EDX (Hinh 3.21) xac dinh thanh phan cac nguyén té trong
mau nhu trén cling kha pht hop khi ching t6i chup pho FTIR. Tir két qua pho FTIR
(Hinh 3.22) cho thay, cac ving hap thu tai cac s6 séng 465,64; 808,20 va 1097,08
cm® 14 nhimg dao dong ddi xang va bat d6i xtng cua lién két Si-O-Si [190]. Dai
hap thy tai 3446,96 cm™ dugc quy gan cho dao dong cac nhdm -OH cia nude bi
hap phu va dai tai 1635,12 cm™ 1a dao dong cua cac phan tir nude hap phu [190].
Ngoai ra, cac dai hap thu rat yéu tai cac s6 song 2855,57; 2926,62 va 2959,37 cm*
duogc cho 1a dao dong cua céc lien két C-H. C6 thé n6i két qua phd FTIR da cho
thiy duoc tinh dic trung cua vat ligu SiO va két qua nay ciing phu hop véi két qua

vé phd FTIR trong cdng trinh nghién ctu [191].
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Element (keVv) Mass$ Atom$%

— C K 0.277 8.44 13.31
O K 0.525 48 .91 57.92
Si K 1.739 42 .66 28.78
Total 100.00 100.00

I I I [ I [ I I I
Hinh 3.21.Phd EDS va thanh phan cac nguyén tb trong san pham SiO
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Hinh 3.22.Pho FT-IR cua san pham SiO;

Gian d¢6 XRD cua mau SiO2 nung ¢ 550 °C duoc dua ra ¢ Hinh 3.23. Két qua
phd XRD nhan thdy mau SiOz xuat hién mét pic rong véi tam wng véi 20 = 22,75 ©
duoc cho rang vat liéu SiO2 ton tai & dang pha monoclinic véi mirc do tinh thé thap,
dong thoi ¢6 Ian pha vo dinh hinh (dwdng nén phé bi nhidu).

Dién tich bé mit riéng BET cua vat liéu SiO, thu duoc khé 16n (258,3 m2/g).
Diéu nay phu hop véi cac két qua thu duoc tir SEM va TEM (Hinh 3.24). Tur céc
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anh SEM va TEM cho thay cac hat SiO, c6 phan b kha dong déu, hon nira, anh
TEM chi ra kich thudc cac hat vi tinh thé khoang 10 - 15 nm tao nén cau tric xop
cua vt lidu. Pay la dic diém quan trong gidp cho vat liéu SiO, tach tir tro trau c6

tinh xop cao ung dung trong dién cuc dién hoa.

Lin (Cps)
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Hinh 3.23.Phd XRD cua mau SiO-
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Hinh 3.24. Anh SEM (a) va anh TEM (b) cia san pham SiO>

3.5. Két qua qua trinh diéu ché ACN

3.5.1. Anh hwéng ciia lrong urea dén tinh chat ciia cac mdu ACN

Gian d6 XRD cua cac mau ACN duoc cho thay trong Hinh 3.25a. Hai dinh
nhiéu xa rong ¢ khoang 20 = 26 ° va 20 = 43 ° duoc quan sat thdy trén XRD cua tat
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ca cac mau, chung dugc xac dinh 1a mat phang tinh thé (002) va (101) cia mang
tinh thé than chi [192]. Su ton tai cua mat mang (002) chu yéu 1a do su lién két va
xép chdng song song cua cé4c lép graphite, trong khi sy ton tai cia mat phang tinh
thé (101) chi ra rang cac mau chta carbon véi cau tric té ong luc giac. Tuy nhién,
cac mau carbon hoat héa nay phan Ién & dang vo dinh hinh nén hai dinh nhidu xa
nay c6 cuong do thap va bé rong 16n. Nhu vay, phan tich XRD cho thiy ring cac
mau ACN c¢6 cau trdc carbon vo dinh hinh véi mét sé tinh thé graphite [193].

a) b) D-band
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Muc d6 phan hoa graphite ciia cac mau ACN duoc nghién ciru sau hon bang
phd Raman nhu trong Hinh 3.25b. C4 thé quan sét thiy tat ca cac mau déu xuat hién
hai cyc dai manh & vi tri 1350 cm™ va 1580 cm, dé tuong ng la cac pic D-band
va G-band cua carbon [31]. D-band dwoc quy gan la cua ciu tric carbon vo dinh
hinh, trong khi G-band twong ng véi cac cau trdc tinh thé graphite hda. Mic do
graphite hoa cua vat liéu carbon cd thé duoc danh gia bang ty 1& cuong d6 twrong doi
cua D-band véi G-band (Ip / 1), ti 1& ndy cang thap thi mtc do graphite hoa cua
mau carbon cang cao [194]. Gia trj Ip / Is cia AC, ACN-0.03, ACN-0.05 va ACN-
0.07 trong nghién ctu nay lan luot 12 0,919; 1,035; 1,072 va 1,098. Két qua cho
thdy mirc do graphite héa cua cac mau giam dan khi ting ty 1¢ pha tap urea. Nhu
vay, ham lugng pha tap N cang cao cang lam giam d¢ két tinh cua vat liéu carbon
thu duoc.

Céac nhom chirc ning bé mat caa cdc mau ACN di duoc phan tich bang FTIR
nhu duoc thé hién trong Hinh 3.26. Cac dao dong cudng do thap tir khoang 1100 —

1600 cmt dugc cho 1a do dao dong cua cé4c lién két trong vat liéu sinh khéi ban dau
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con lai [151]. i voi mau AC, dai rong & 3427 cm duoc gan cho dao déng héa
tri cua lién két -OH. Tuy nhién, v&i cac mau ACN, dai pho nay bi dich chuyén vé
3440 cm* duoc 1a cho su xuét hién cua dao dong N — H, ching to rang su bién tinh

N da di vao cau trac vat liéu carbon thu duoc [115].

ACN-0.07 "
AN
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"QC> ACN-0.03 3439 w//
>
5 W
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AC 3440
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v ] v ] v ] v ] v ] v ] v ]
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Hinh 3.26.Phd FT-IR cua cic mau CAN

Bdng 3.12.  Céc thdng sé bé mat cac mau ACN

Mau Seet (M2/Q) Smicro (M?/Q) VMicro (CM3/Q) DP (nm)

AC 2198,30 1708,57 0,961 3,10
ACN-0.03 2360,53 1938,16 0,996 3,20
ACN-0.05 2211,22 1919,17 0,969 3,26
ACN-0.07 2105,64 1679,23 0,939 2,98

Bang 3.12 trinh bay tom tat cac thong sé bé mat cac mau ACN, bao gom dién
tich bé mit riéng, thé tich va kich thuéc 16 xép trung binh. Tir Bang 3.12, ¢6 thé
thay rang dién tich bé mat riéng cua AC, ACN-0.03, ACN-0.05 va ACN-0.07 lan
luot 12 2198,30; 2329,85; 2211,22 va 2105,64 m2/g. So véi AC, dién tich bé mat
riéng caa hai mau ACN-0.03 va ACN-0.05 cao hon nhung lai giam d6i véi ACN-0.07.
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Hinh 3.27.Duong hap phu - giai hap phu (a) va Phan b kich thudce 16 x6p (b) cua

cac mau ACN

Hinh 3.27 cho thay cac duong hap phu - giai hap phu va Phan b kich thudc
16 x6p cua cac mau ACN. Theo phan loai cua IUPAC, c6 thé thdy rang duong dang
nhiét - giai hap phu N2 cua hai mau AC va ACN-0.05 thudc dudng cong loai V.
Vong tré kiéu H4 trong dudong dang nhiét lién quan dén cau tric mesopore va sy
ngung tu Mao quan Xay ra & &p suat twong ddi cao hon (P/Po> 0,4) [195]. Trong khi
d6, duong dang nhiét - giai hap phu N2 cta hai mau ACN-0.03 va ACN-0.07 déu

thé hién dic trung thudc loai | ma khdng c6 bat ky vong tré nao.
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Nhu vay, khi ham luong pha tap N thap s& thuc ddy hinh thanh céc 15 x4p
meso va 1am tang dién tich bé mat riéng. Hau hét cac 16 xop mesopore cé kich
thuge 15 tir 2 dén 5 nm c6 thé thuc day sy di chuyén cua cac ion chat dién ly va
cung cap céc vi tri hap phu ion [196]. Tuy nhién, c6 su giam dién tich bé mat riéng
khi ham lugng N cao, ¢6 thé suy doan 1a do mot sé vi hat bi chan trong qué trinh
pha tap [114]. C6 thé thiy raing mau ACN-0.05 c6 nhiéu dic diém thuan loi vé dién
tich va kich thudc 16 x6p cho su khuéch tan cac ion trong viéc sir dung 1am vat liéu
dién cuc cho siéu tu dién.

Pé cho thidy mét cach truc quan hon vé cac sy khéc biét hinh théi gitra mau
c6 va khong co bién tinh N, phuong phéap hién vi SEM da thuc hién véi mau AC va
ACN-0.05. Hinh 3.28 biéu hién cac bé mat gidng nhu t6 ong, cho thdy ca hai miu
déu co do xbp duoc 1am giau trong qué trinh hoat hoa & 800 °C. Piéu nay tring
khop véi két qua phan tich XRD thu duoc. Pang chu ¥, 46 xop duoc ciu tao boi céc
15 réng hep véi dinh hudng khoéng déu. Hon nita, c6 thé thay riang c cac 16 mao
quan nho trong cac 16 mao quan rong, co6 nghia 1a vat liéu c6 ciu tric phan cap
[197]. Diac biét 1a dbi véi mau ¢ thém urea trong qué trinh hoat hoda ACN-0.05, s6
lugng 16 x6p mao quan nhé nhiéu hon han so vai AC, Iy giai vi sao dién tich bé mat
riéng cia ACN-0.05 cao hon mau AC.

IMS-NKL 5.0kV 5.3mm x10.0k SE(M)

Hinh 3.28. Anh SEM cua miu AC (a) va ACN-0.05 (b)

3.5.2. Khdo st tinh chdr di¢n hoéa ciia cac mdu ACN
Hinh 3.29a cho thay cac duong cong CV cua cac mau ACN ¢ tc do quét cb
dinh 1a 5 mV/s. Hinh dang cua duong cong CV ¢6 thé dugc sir dung dé xac dinh téc

d6 di chuyén/ khuéch tan caa cac ion trong vat liéu. Néu duong cong CV gan voi
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hinh chit nhat, diéu d6 c6 nghia 1a vat lidu dién cuc cd hiéu suat van chuyén ion
tuyét voi, twong tng véi hanh vi EDLC dién hinh [198]. Puong CV cac mau ACN
c6 dang gan nhu hinh chir nhat, cho thay vat liéu dién cuc c6 cac dic tinh cua
EDLC. Bén canh dé, ¢ toc do quét khong doi, dién dung riéng cua dién cuc ty I1é véi
dién tich cua duong cong CV cua n6 [114]. C6 thé quan sat duoc rang dién cuc
ACN-0.05 c6 dién tich dudng cong 16n nhét trong duong cong CV trong sé cac mau
dién cuc nay, cho thay riang no6 c6 dién dung riéng cao hon cac mau dién cuc khac.

Hinh 3.29b cho thay dién dung riéng cia cac mau ACN & céc toc do quét
khac nhau tir 2 dén 100 mV/s. O téc d6 quét 2 mV/s, dién dung riéng cua cac mau
ACN, ACN-0.03, ACN-0.05 va ACN-0.07 dat c4c gia trj cao nhat lan luot 1 141,5;
154,2; 169,3 va 156,7 F/g. C6 thé thiy rang cac mau co pha tap N c6 dién dung cao
hon méu khéng pha tap. Piéu nay cé thé duoc giai thich 1a viéc chira di nguyén tu
N trong cdu trac di cai thién hiéu suat dién hoa cua ching bang céach cai thién do
khuéch tan két hop vai co ché gia tu dién [115, 199].
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Hinh 3.29.a) Puong cong CV & téc do quét 5 m s va b) Bién dung riéng & cac toc

d6 quét khac nhau cua cac mau ACN

Puong cong GCD cua cac mau ACN ¢ mat do dong ¢6 dinh 0,5 A/g dugc
thé hién trong Hinh 3.30a. C4 thé quan sat ring cac dudng cong GCD cua tat ca céc
mau nay c6 dang hinh tam giac va ddi xang. Cac két qua trén chi ra rang vat liéu
dién cuc thé hién dic tinh dién dung 1y twéng va kha niang thuan nghich dién hoa tét
[200]. Pang chi y rang mau ACN-0.05 c6 thoi gian sac xa duy tri dai nhat so véi

cac mau con lai.
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Tuy nhién, miau ACN-0.07 dugc dua vao luong urea cao nhat, nhung dién
dung riéng thap hon mau ACN-0.05, cho thay rang qua nhiéu urea c6 thé gay ra mot
mtrc 6 pha hay ciu tric 16 mao quan bén trong carbon hoat héa. Ngoai ra, dién tich
bé mat riéng cua ACN-0.07 ciing thip hon dang ké so véi cac mau co pha tap N
khéc. Trong khi d6, mau ACN-0.03 mac du c6 dién tich bé mat riéng cao hon,
nhung dién dung riéng thu dwoc thdp hon mau ACN-0.05. Nhu vay, dién dung riéng
cuia mau ACN-0.05 cao nhat so vai cac vat lidu con lai. Do d6, c6 thé noi rang dién
dung riéng caa than hoat tinh khéng chi phu thudc vao dién tich bé mat ma con phu

thudc vao hda hoc bé mit.
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Hinh 3.30.a) Puong cong GCD & mat d6 dong 0,5 A/g va b) Pho tong tro EIS
ctia cac mau ACN

Do thi EIS cua cac mau ACN duoc biéu dién trén Hinh 3.30Db, c6 thé cung
cap thong tin vé dién tré cua dién cuc va tuong tac ctia nd véi chat dién giai. NOi
chung, & viing tan sé thap thi cd dang duong thang nghiéng cho thay téc do truyén
dién tich (dién dung), con trong ving tan sb cao thi do thi cd dang hinh ban nguyét
cho thy dién tro chuyén dién tich (46 dan dién) [201]. Trong ving tan s thap,
ving dudng thang c6 d6 dbc ting dan khi ham luong pha tap N trong mau ting, gan
nhu song song véi phuong thang ding ddi véi 2 mau ACN-0.05 va ACN-0.07, cho
thdy dic tinh dién dung ly tuong va kha nang khuéch tan tot khi c6 sy tham gia cua
di nguyén tir N trong vt liéu carbon, phi hop vai két qua CV va GCD [200, 202].

Tuy nhién, dbi voi cac mau pha tap N ¢c6 thé quan sat duoc mot dudng béan
nguyét co dudng kinh ting dan & viing tan sb cao, cho thay dién tra truyén dién tich

tang. Diéu nay 1a do su xuit hién cua cac khuyét tat ¢ thé 1am giam d6 dan dién
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téng thé [203]. Nhu vdy, mau ACN-0.05 cd kha ning khuéch tan tét va tong tro
tuong ddi thap. Tir két qua tinh toan dién dung riéng, d6 6n dinh, thoi gian duy tri
va tong tré cho thiy mau ACN-0.05 Ia thich hop nhét cho viéc ung dung lam vat

liéu dién cuc cho siéu tu.
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Hinh 3.31.Puong cong CV cia mau ACN-0.05 & cac toc do quét khac nhau
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Hinh 3.32. Buong cong GCD cua mau ACN-0.05 & cac mat do dong khac nhau
Dé danh gia chi tiét hon hiéu suit dién héa caia ACN-0.05, duong cong CV &
c4c toc do quét khac nhau tir 2 — 100 mV/s (Hinh 3.31) va duong cong GCD ¢ cac
mat do dong dién khac nhau tir 0,2 — 5,0 A/g (Hinh 3.32) duoc khao sat. C6 thé thiy

rang hinh dang cua cac dudng cong CV cua mau ACN-0.05 mé rong dan khi toe do
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quét ting 1én, tuy nhién van giir hinh dang gan nhu hinh chir nhat véi d6 ddi xing
cao ¢ téc do quét cao 100 mV/s, chung to rang dién cuc thé hién mot hanh vi dién
hod 1y tudng [192]. Cac duong cong GCD cua mau ACN-0.05 c¢6 dang hinh dang
tam giac va d6i xang khang dinh thém rang siéu tu thu duoc gan véi siéu tu Iy
teong.

Trong nhiéu nghién ctru vé& vat liéu sinh khéi bién tinh N ciing dd ghi nhén
rang di nguyén tir N ¢6 thé cung cap cac tam hoat dong nhiéu hon va ting kha ning
tham w6t gitra dién cuc va dung dich chat dién ly, c6 loi dé cai thién hanh vi cua
dién dung gia va do d6 nang cao hiéu suat dién hda. Su so sanh dién dung cta cac
mau than diéu ché véi cac vat liéu than bién tinh khac duoc cho trong Bang 3.15.
Tinh chat dién hda cua cac nguyén tir carbon sinh khdi bi anh huong dang ké boi
cac nguyén liéu thd, tuy nhién ACN-0.05 duoc tong hop cho thay kha nang tich trix
ning luong tét. Do d6, ACN-0.05 cho thy kha ning canh tranh manh mé trong linh
vuc nghién ctru nay.

3.5.3. Khado sat tinh chdr di¢n hoé ciia cac mdu ACN/SiO;

Hinh 3.33a cho thiy cac duong cong CV cua cadc mau ACN-0.05 phéi tron
Vv6i SiOz bang phuong phap nghién bi theo cac ti 1é khac nhau lan luot 12 0, 2, 5 va
10 % ¢ toc do quét cb dinh 1a 5 mV/s. Két qua cho thdy duong CV cua cac mau
ACN/SiO; ¢6 dang gan nhu hinh chit nhat, cho thay vt liéu dién cuc c6 dic tinh
ciia EDLC. Bén canh d6, cac miu c6 chira SiO2 trong hon hop cho thay sy gia tang
dién tich cua duong cong CV so véi mau khong co SiO.. Sy gia ting dién tich cua
duong cong CV c6 xu hudng ty & thuan véi ham lugng SiO;, chiing to viéc phdi
tron SiO2 vai carbon hoat tinh gitip nang cao dung luong dién hoa cho siéu tu. SiO:
da duoc bao cdo thé hién dién dung riéng rat cao vi duong kinh hat nho va dién tich
bé mat twong d6i cao [204, 205]. Tuy nhién, d6i véi cac mau phéi tron SiO; véi ti 16
cao hon 2 %, duong CV xuét hién sy bién dang so véi hinh chit nhat, do sy xuat
hién cua céc phan tir tap chat SiO2 gay can trg qua trinh van chuyén dién tich. Diéu
nay phu hop vai két qua tinh toan dién dung riéng (Hinh 3.33b) & cac toc do quét
khac nhau tir 2 dén 100 mV/s.
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Hinh 3.33.a) Puong cong CV & téc do quét 5 m/s va b) Bién dung riéng & cac toc

do quét khac nhau cta cac mau ACN/SiO;

bién dung riéng cua cdc mau ACN-0.05, ACNSi2%, ACNSi5% va
ACNSi10% dat cac gia tri lan luot 12 169,4; 179,5; 181,7 va 182,0 F/g (téc do quét
2 mV/s)va 152,0: 155,1: 157,7 va 156,1 F/g (téc do quét 100 mV/s). Theo do, hisu
suat dung luong riéng cia mau ACN-0.05 dat 89,8 %, con cac mau chua SiO, chi
dat khoang 86 % khi ting toc d6 quét tir 2 1én 100 mV/s. Pang chi y rang mau
ACNSi10% co dién dung riéng gan véi mau ACNSi5%, cho thdy véi ham lugng
qua SiO2 cao gay can tro sy di chuyén dién tich trén dién cuc.

Puong cong GCD caa cac mau ACN/SiO; ¢ mat do dong ¢ dinh 0,5 Alg
dugc thé hién trong Hinh 3.34a. Cac duong cong GCD cua cac mau déu ¢ dang
hinh tam giac va ddi xang, thé hién dic tinh dién dung 1y twong va kha ning thuan
nghich dién hoa tét. Ngoai ra, khi ting ham lwong SiO> thi thoi gian cia chu ky sac
Xa c6 xu huéng ting, dac biét mau ACNSI5% cd thoi gian sac xa duy tri dai nhat so
VGi cac mau con lai.

Hinh 3.34b biéu dién phd EIS cua cac mau ACNSI. C6 thé quan sét thiy, &
tan sb thap, ving duong thang caa cac mau co chira SiOz c6 do ddc ting so v6i mau
ACN-0.05, chiing t6 kha ning khuéch tan ting khi c6 sy tham gia cua SiO2. Tuy
nhién, ddi voi cac mau chira SiO; ¢6 thé quan sat duoc mot dudng ban nguyét co
duong kinh ting dan ¢ ving tan sb cao, cho thay sy suy giam vé d6 dan dién. Piéu
nay la do su xuét hién cua cac khuyét tat c6 thé lam giam do dan dién tong thé
[203]. Nhu vay, viéc bd sung SiOz c6 thé tang su van chuyén dién tich tir dung dich

dién ly dén bé mit dién cuc, nhung ddng thoi cling ting dién tro chuyén dién tich.
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Hinh 3.34.a) Buong cong GCD & mat &6 dong 0,5 A/g va b) Phé tong tré EIS cua
cac mau ACNSi

So sanh vé dién dung cta cac composite than hoat tinh/SiO2 theo phwong
phap co hoc cua dé tai ndy véi cac phuong phap khac nhu sol-gel, plasma,... (Bang
3.15), cho thady mot sb két qua noi bat. Nhu vay, bang phuong phap nghién bi don
gian, d& kiém soat ham luong SiOz, vat liéu thu dugc c6 dién dung kha cao, thoi
gian duy tri sac xa dai, mang lai nhiéu tiém nang 16n trong ung dung lam vat liéu
dién cuc.

3.6. Két qua qua trinh diéu ché ACNMn

3.6.1. Anh hwéng cia ti 16 KMnO4 dén tinh chdt ciia cac mdu ACNMn

Vit liéu carbon hoat tinh dwoc tong hop tir dich chiét lignin véi tac nhan bién
tinh 1a KOH, (NH2).CO va KMnOs bang phuong phap nhiét phan trong méi truong
khi N2. Cac luong KMnOy thich hop da duoc thém vao 1am chat dong hoat hoa
trong qua trinh hoat héa hoa hoc cua tién chat lignin thanh carbon hoat tinh. Két qua
la cac hat MnO duoc gan trén bé mat caa ACNMn. Céc hat MnO hinh thanh tir su
phan huy caa KMnOs trong méi truong khir manh ¢ nhiét do cao. Co ché cua qua
trinh bién tinh khi c6 mat cia KOH va KMnOs duoc cho nhu sau [116]:

2KOH — 2K:0 + H,0 (20)
K:O+C—-2K+CO (21)
2K20 + CO2 — 2K2CO03 (22)
C+H0—-H;+CO (23)
2K20 + H, - 2K + H20 (24)

CO + H20 — H2 + CO> (25)
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2KMnO4 — K2MnO4 + MnO: + O2 (26)
0, +2C — 2CO (27)
MnO2 + C — MnO + CO (28)
MnO2 + CO — MnO + CO2 (29)
MnO; + H, — MnO + H;0 (30)

: ® : L
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Hinh 3.35.Gian do XRD cua cac mau ACNMnN

Cau trdc tinh thé cua cac mau ACNMn duogc cho trén gian d6 XRD & Hinh
3.35. V&i su ¢6 mat caa KMnOg, mot loat cac nhidu xa c6 dinh nam ¢ 20 = 34,9 °;
40,6 °; 58,9 °; 70,2 ° va 73,8 ° c6 thé duoc géan lan lugt cho cac phan xa (111),
(200), (220), (311) va (222) cua cau truc lap phuong MnO (JCPDS 89-4835).
Cuong do nhiéu xa ciia cac dinh MnO ty Ié véi lugng cia KMnO4 duoc b sung
trong qué trinh hoat ho&. Trong qué trinh nhiét phan tién chat lignin, cac chat khir
manh nhu C, Hz va CO gitp hinh thanh MnO thay vi MnO: (phuong trinh 28-30).
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Hinh 3.36.Phd Raman cua cac mau ACNMn

Hinh 3.36 biéu dién phé Raman cua ca&c mau ACNMn. Ton tai hai cuc dai
rong & ~ 1350 cm™ va dai G & ~ 1580 cm™ ddi véi tat ca cac mau khao sét, ung véi
cac dai D va G cua vat liéu carbon. Ty 1& cudng do In/ls khdng c6 su thay doi rd
rang, cho thay sy than hoa khdng bi xao tron khi c6 su hién dién caa KMnOa. Ngoai
ra, cOn quan sat dugc dinh ¢ ~ 640 cm™ do sy c6 mit cua lién két Mn-O [206] véi
cudng do ting dan khi ting lugng KMnOsa, diéu nay cang phi hop vai két qua phan
tich XRD.

Hinh 3.37 cho thay cac duong hip phu - giai hdp phu va phan b kich thudc
16 x6p va Bang 3.13 trinh bay cac thong sé 16 xop cua cac mau ACNMN. Véi su
hién dién cua KMnOQy, dién tich bé mit riéng cia mau ACNMn-1:0.01 va ACNMn-
1:0.02 cao hon so v&i mau ACN-0.05, do su hién dién cua luong thich hop KMnO4
dong vai tro 1a chit ddng hoat héa véi KOH. Tuy nhién, d6i véi mau ACNMn-
1:0.03, lwong cao KMnO4 dan dén giam dang ké dién tich bé mit riéng. Diéu nay c6

thé duoc cho 1a do su hinh thanh cac hat MnO ¢6 kich thudc 16n hon.
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Hinh 3.37.Duong hap phu - giai hap phu (a) va Phan b kich thudc 16 x6p (b) cua

cac mau ACNMn
Bang 3.13.  Céc thdng s6 bé mat cac mau than bién tinh dong thoi Mn va N
Mau Seetr (M?/g)  Smicro (MYG)  Vmicro (cm®/g)  DP (nm)
ACN-0.05 2211,22 1919,17 0,969 3,26
ACNMN-1:0.01 2286,07 1813,22 1,017 2,87
ACNMN-1:0.02 227757 1799,91 0,997 2,97
ACNMN-1:0.03 1806,02 1502,64 0,803 3,10

Két qua phan tich nguyén té EDS cua cac mau ACNMn duoc trinh bay trong

Bang 3.14. C4 thé thay ring ham lwong nguyén t6 O va Mn ting dan khi ting lwong

KMnOa, chitng to lwong MnO ting trén vat liéu. Dé quan sat sy phan b cua céc hat
nano MnO trén bé mit vat liéu chi tiét hon, anh SEM (ACN-0.05 va ACNMn-
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1:0.02) va EDS mapping (ACNMn-1:0.02) dugc thé hién trong Hinh 3.38. Qua cac
anh c6 thé quan sat dugc cac hat MnO phan tan kha dong déu trén bé mat caa mau
ACNMN-1:0.02, cho thdy qué trinh diéu ché di phi MnO thanh cong 1én trén vat

liéu carbon hoat tinh nhiam nang cao hiéu suat dién hoa cua san pham.

5 %
|||||||||||

2.00um [l IMS-NKL 5.0kV 5.2mm x20.0k SE(M)

nnnnnnnnnnn

Hinh 3.38. Anh SEM ctia mau (a) ACN-0.05, (b) ACNMn-1:0.02 va (c) Anh EDS
mapping cac nguyén t6 C, O, Mn caa mau ACNMn-1:0.02

Bdng 3.14.  Phan tich thanh phan nguyén t6 caa cac mau than bién tinh
déng thoi Mn va N

Mau C% O % K % Mn %
ACN-0.05 94,02 5,98 - -
ACNMn-1:0.01 90,36 8,41 1,14 0,09
ACNMN-1:0.02 86,29 11,13 2,39 0,19
ACNMN-1:0.03 83,24 12,57 3,88 0,31

3.6.2. Khdo st tinh chdt dién hoa ciia cac mdgu ACNMn
Hinh 3.39a md ta cac duong cong CV cho tat ca cac dién cuc ACNMn ¢ téc
d6 quét 5 mV/s. Cac mau ACN-0.05 va ACNMn-1:0.01 cho thay mét duong cong
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CV hinh chit nhat ma khong c6 bat ky dinh oxy héa khir ndo, cho thiy hanh vi dién
dung hai lép dién hinh. Véi hai mau ACNMn-1:0.02 va ACNMn-1:0.03, c4c cuc
dai xuat hién & khoang - 0,45 dén - 0,25 V trong qua trinh quét, chi ra su két hop
cua siéu tu I6p kép va gia tu dién. Phan ang trong gia tu dién duoc cho la do quéa
trinh oxi héa - khir caa Mn (11) < Mn (l11) dwa trén gian d6 Pourbaix cua cac ion
Mn [207].

Nhin chung, dién tich duong cong CV cua cac mau ACNMn I16n hon voi
mau ACN. Tuy nhién, mau ACNMn-1:0.03 ¢6 su suy giam dién tich duong CV so
véi mau ACNMN-1:0.02, phi hop voi két qua dién tich bé mat riéng va dién dung
riéng & céc toc do quét khac nhau tir 2 dén 100 mV/s (Hinh 3.38b). Pién dung riéng
cta cac mau ACN-0.05; ACNMn-1:0.01; ACNMn-1:0.02 va ACNMn-1:0.03 dat
cac gia tri lan luot 1a 169,3; 182,0; 199,7; 179,5 F/g & téc do quét 2 mV/s. CH thé
thay rang cac mau cé chra MnO thé hién dung lugng dién tét cia mot gia tu. Tuy
nhién, dién dung giam da duoc ghi lai ddi véi mau ACNMnN-1:0.03 khi tang luong
MnO. Su giam dién dung nay co thé 1a do sy giam nghiém trong cua dién tich bé

mat cy thé do gan cac hat MnO 1am che phi cac 16 x6p mao quan.

041 (@ - 2004 (b) —m— ACN-0.05
—e— ACNMn-1-0.01
0.24 f/ _ —A— ACNMn-1-0.02
o
— o —¥— ACNMn-1-0.03
< 0.0 '<"c;180-
2 b5
£-0.21 =
- 21601
5 -0.4 1 g
-0.6 —— ACN-0.05 =
. o) _
—— ACNMn-1-0.01 140
0.8 —— ACNMn-1-0.02
—— ACNMn-1-0.03
-1.044 : : : : , 120 +— ' ' ' ' '
10 08 06 -04 02 00 0 20 40 60 80 100
pién thé (V) Téc d6 quét (mV/s)

Hinh 3.39.a) Puong cong CV & téc do quét 5 m/s va b) Dién dung riéng ¢ céc toc

do quét khac nhau ctiia cac mau ACNMn

Puong cong GCD cua cac mau ACNMn ¢ mat do dong ¢b dinh 0,5 A/g duoc
thé hién trong Hinh 3.40a. C6 thé quan sat ring cac dudng cong GCD cua tat ca céc
mau ACNMn c¢é dang hinh tam giac, tuy nhién cac duong sac - xa khdng con tuyén

tinh va ddi xtng nhu mau ACN, khang dinh sy ton tai cua gia tu dién [116, 117,
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208]. Pang chti ¥ rang mau ACNMn-1:0.03 c6 thoi gian sac xa duy tri dai nhat so

VGi cac mau con lai.

b) A
6 o
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Hinh 3.40.a) Buong cong GCD & mat &6 dong 0,5 A/g va b) Phé tong tré EIS cua
c4c mau ACNMn

Bdng 3.15.  So sanh dién luong riéng cta mau than diéu ché véi céc than
bién tinh khac

Pién dung

Tien chat Phatap Chatdiénly riéng (Flg) Cong trinh
Lignin tir rom - Na;SO4 1 M 109,7 Pé tai nay
Soi day - Na;SO4 1 M 43,4 [196]
Cellulose - Na;SOs1 M 117 [209]
Lignin tir rom, urea N Na;SO4 1 M 139,9 Pé tai nay
Vo toi N KOH 6 M 119,2 [210]
Vo dau N, B KOH 6 M 119,0 [200]
Lignin tir rom N, SiO;  Na:SOs1M 179,5 Pé tai nay
Benzene va _

_ _ SiO; KOH 6M 41,8 [204]
trimethoxyphenylsilane
Carbon nano 4ng SiO; KOH 6M 134,6 [211]
Thiamine N, P, Si H2S04 1 M 144 [212]
Ethanol Fe304,Si NaOH 1 M 154,8 [213]
Lignin tir rom N,MnO NaSOs1 M 199,7 Pé tai nay
Vo vai MnO KOH 6M 162.7 [116]

Graphene oxide MnO- Na;SOs 1 M 197,0 [214]
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Db thi EIS cua cdc mau ACNMn duoc biéu dién trén Hinh 3.40b. Trong
viing tan sé thap, mau ACNMn-1:0.01 cho thiy dang duong thang co6 d6 déc cao
hon cac mau con lai, thé hién kha nang khuéch tan tuyét do dién tich bé mat riéng
I6n nhat. Tuy nhién, & ving tan sb cao, duong kinh cua dudng ban nguyét giam
dan, cho thay su gia ting d6 dan dién khi ham lwong MnO trong mau ting. Diéu
nay cd thé giai tich ring MnO 1a oxide kim loai chuyén tiép, véi nhiéu trang thai
oxy hoa, gitp thuan lgi cho viéc van chuyén dién tu.

Trong cac mau dién cuc than bién déng bién tinh N va Mn, mau ACNMn-
1:0.02 cho dién dung riéng va thoi gian duy tri sac xa cao nhat, dong thoi co kha
ning khuéch tan tét va téng tro twong ddi thap thé hién hiéu suat dién hoé ndi bat.
Su so sanh dién dung riéng ciia mau diéu ché véi cac vat liéu carbon bién tinh Mn

khac (Bang 3.15) cho thay sy canh tranh manh mé cua dong vat liéu nay.
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KET LUAN VA KIEN NGHI

Két luan

Tur nhitng két qua dat duoc cua Luan &n, co thé rat ra cac két luan nhu sau:

1. B3 diéu ché thanh cdng vat liéu than sinh hoc tir ngudn thai rom bang
phuong phap thuy nhiét mot giai doan véi sy c6 mit caa cac mudi khac nhau, trong
d6 mudi ZnCl; 1a thich hop nhat cho qua trinh carbon hoa va su hap phu chat mau
MB. Dung luong hap phu cuc dai MB cua san pham dat 86,55 mg/g.

2. Pa diéu ché thanh céng vat liéu than sinh hoc tir tinh tir rom bang phuong
phap thity nhiét hai giai doan véi cac nong do khac nhau cia dung dich FeCls. Vat
licu diéu ché dugc co dién tich bé mit riéng cao va do tir hda Ion. Dung luong hap
phu cuc dai dat duoc la 110,64 mg/g MB, 2,28 mg/g As(V) va 2,03 mg/g As(l11).

3. Pa tong hop thanh cdng vat liéu SiO2 bang phuong phap hoa tan - két tua
véi ngudn nguyeén liéu dau 1a tro trau. Vat liéu SiO; thu duoc ¢ cau tric pha tinh
thé, cac hat phan b twong dbi dong déu (khoang 10 - 15 nm) va dién tich bé mat
riéng 16n (258,3 m?/g), thich hop str dung trong vat liéu dién cyc.

4. Pa diéu ché thanh cong than hoat tinh bién tinh N va Mn tir rom. Cé4c san
pham c6 dién tich bé mat riéng trén 2000 m%g. Céc thir nghiém do tinh chét dién
hoa cho thay khi bién tinh bang N, Mn va tron véi SiOz gia tri dién dung duoc cai
thién dang ké, lan luot dat 169,3; 199,7 va 181,7 F/g & téc do quét 2 mV/s. Pién
dung van duoc bao toan sau nhiéu chu ky phong nap ¢ cac thé quét va cuong do
dong thay d6i.

Kién nghi

Qua nhitng két qua dugc céng b trong luan an, ching toi kién nghi can tién
hanh mot sb nghién ctu tiép theo nhu sau:

1. M& rong cac két qua nghién ciru cua dé tai trén quy ma pilot, nham tién t6i
trién khai ung dung vao thyc té.

2. M6 rong pham vi p dung cac quy trinh nghién ciru theo hudng tan dung
ngudn carbon va silica tir cac nguon sinh khoi thai khac nhu 161 bap, vo ca phé, ba
mia,... cling nhu dich thai den giau lignin va kiém tir cac nha may loc sinh hoc va

san xuat gidy.
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NHUNG PONG GOP MO| CUA LUAN AN

1. Pua ra quy trinh diéu ché than sinh hoc bién tinh bai cac mudi khéac nhau
bang phuong phap carbon hoa thuy nhiét, 1a phuong phap xanh han ché sir dung hoa
chat, nhiét d6 va tan dung phé thai ndng nghiép. Pay 1a cong trinh dau tién ¢ Viét
Nam tong hop than sinh hoc c6 dung luwong hap phu cao tir rom bang phuwong phap
thuy nhiét mot giai doan.

2. Pua ra quy trinh diéu ché vat liéu than sinh hoc tir tinh bang phuong phap
carbon hoa thuy nhiét hai giai doan. Pay 1a céng trinh dau tién cong bé vat liéu than
sinh hoc ¢6 tir tinh va dung luong hap phu cao tir dich chiét lignin caa rom.

3. Pua ra quy trinh diéu ché SiO; tir nguyén liéu tro trau bang phuong phap
hoa tan - két taa. San pham c6 cau trdc tinh thé va phan bé kich thuéc hat dong déu,
thich hop dé phdi tron vai carbon hoat tinh st dung 1am vat liéu dién cuc.

4. Pua ra quy trinh diéu ché than hoat tinh bién tinh N va Mn tir dich chiét
lignin trong KOH bang phuong phap nhiét phan trong mdi truong khi tro, mot
phuong phép kinh té va than thién véi méi trudong. San pham than hoat tinh ¢6 hiéu

suat dién hoa cao vuot troi so véi cac dong vat lieu c6 ngudn goc sinh khoi.
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Phuy lyc 1. Dung luong hap phu theo thoi gian & cac nong d6 MB khéc nhau caa
mau MCZn

Thoi gian gt (mg/g)
(phut) 50 mg/L 70 mg/L 90 mg/L 110 mg/L 130 mg/L

2 22.01 28.58 34.86 35.47 35.73
5 31.14 43.62 51.37 52.42 53.03
10 37.92 53.79 64.33 65.08 65.39
20 44.29 61.15 71.08 73.24 75.35
30 46.59 64.5 76.39 78.12 79.75
45 47.88 66.42 79.95 80.97 82.58
60 48.54 67.25 80.97 82.18 84.39
75 48.7 67.61 81.17 82.66 84.95
90 48.96 67.89 81.51 83.41 85.91
105 49.23 68.14 82.03 83.79 86.34

Phu lyc 2. Dung luong hip phu theo thoi gian & cac nong d6 MB khéc nhau caa
mau MC-1.0

Thot gian gt (mg/g)
(phat) 80 mg/L 100 mg/L 120 mg/L 140 mg/L 160 mg/L
2 45.64 53.20 55.64 56.22 56.66
5 57.32 67.80 76.16 77.26 77.75
10 68.13 81.33 88.39 90.18 90.77
20 74.54 91.32 100.38 101.39 101.89
30 77.05 94.46 104.15 105.79 106.51
45 77.89 95.93 105.91 107.76 108.77
60 79.05 96.96 107.15 109.28 110.6
75 79.21 97.16 107.61 109.77 111.16
90 79.48 97.50 107.90 110.53 112.13

105 79.74 98.03 108.35 110.91 112.57




Phu lyc 3. Dung luong hap phu theo thoi gian & cac nong do6 As(V) khac nhau

cua mau MC-1.0

Thoi gian gt (mg/g)
(phut) 1.5 mg/L 2.0 mg/L 2.5 mg/L 3.0 mg/L 3.5mg/L

2 0.849 1.013 1.122 1.167 1.175
5 1.068 1.417 1.497 1.545 1.59
10 1.255 1.613 1.788 1.832 1.85
20 1.390 1.798 2.003 2.052 2.081
30 1.437 1.869 2.101 2.169 2.233
45 1.453 1.898 2.128 2.211 2.268
60 1.475 1.918 2.165 2.235 2.29
75 1.476 1.921 2.167 2.24 2.298
90 1.479 1.926 2.172 2.249 2.309
105 1.482 1.929 2.179 2.257 2.312
120 1.485 1.933 2.184 2.262 2.319

Phuy lyc 4. Dung lugng hap phu theo thoi gian & cac nong do As(111) khac nhau

cta mau MC-1.0

Thaoi gian gt (mg/g)
(phat) 1.5 mg/L 2.0 mg/L 2.5 mg/L 3.0 mg/L 3.5 mg/L

2 0.797 0.840 0.857 0.8658 0.876
5 0.986 1.224 1.232 1.2408 1.242
10 1.173 1.440 1.523 1.5278 1.534
20 1.308 1.625 1.738 1.7478 1.751
30 1.355 1.696 1.836 1.8648 1.883
45 1.381 1.725 1.863 1.9068 1.928
60 1.393 1.745 1.900 1.9308 1.94
75 1.394 1.748 1.902 1.9358 1.948
90 1.397 1.753 1.907 1.9448 1.954
105 1.401 1.756 1914 1.9521 1.961

120 1.404 1.763 1.938 1.954 1.964




Phu lyc 5. Hiéu suat hap phu (%) tai thoi diém can bang & cac ndng do ban dau

khac nhau caa mau MC-1.0

Chét bi hip phu R (%)
MEB 80 mg/L 100 mg/L 120 mg/L  140mg/L 160 mg/L
98.79 96.88 89.43 78.09 69.14
1.5 mg/L 2.0 mg/L 2.5 mg/L 3.0 mg/L 3.5mg/L
As(V)
98.33 95.90 86.60 74.50 65.43
As(IID) 1.5 mg/L 2.0 mg/L 2.5 mg/L 3.0 mg/L 3.5mg/L
S
93.13 87.65 76.28 64.83 55.97

Phy lyc 6. Dung lugng hap phu (mg/g) tai thoi diém can bang & cac pH ban dau

khac nhau caa mau MC-1.0

Chét bi hip phu O (mg/o)
3 5 7 9 11
MB 82.78 99.15 10732 11062 11451
As(V) 2.103 2.145 2.165 2.103 2.088
As(ll1) 1.825 1.884 1.907 2.003 1.952

Phu Iyc 7. Céc théng sé nhiét dong hoc hap phu tai thoi diém can bang & cac

nhiét 6 khac nhau caa mau MC-1.0

Chit bi hap phu T (K) 1T (K1) Ce(mg/L) ge (Mmg/g) Kp INKp
303  0.00330 12.68  107.32  8.4637 2.13579

MB 313 0.00319 10.85  109.15 10.0599 2.30856

323 0.00310 9.05 11095 12.2597 2.50631

303  0.00330 0.335 2.165  6.4627 1.86604

As(V) 313 0.00319 0.269 2.231  8.2937 2.11549
323 0.00310 0.205 2.295 11.1951 2.41548

303  0.00330 0.592 1.908 3.222973 1.17030

As(I11) 313 0.00319 0.489 2.011 4.112474 1.41402
323 0.00310 0.385 2.115 5.493506 1.70357




Phu luc 8. Céc gia tri pH xac dinh pHpzc cia mau MC-1.0

pHi 2.4 3.2 4 5 5.5 6.6 8.3 9.1 99 109

pHs¢ 2.2 2.1 1.7 3.6 4.6 6.9 99 115 128 122

ApH -02 -11 -23 -14 -09 03 1.6 2.4 2.9 1.3
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Phu luc 11. Phé FTIR cta mau BCZn
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Phu luc 14. Phd FTIR cta mau AC
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Phu luc 15. Pho FTIR cua mau ACN-0.03
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Phu lyc 17. Phd FTIR cta mau ACN-0.07
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Phu luc 18. Pho EDS cua mau AC
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Phu luc 20. Pho EDS caa mau ACNMn-1:0.02
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Phu luc 21. Két qua do dién tich bé mat riéng cua mau RS

Ei micmmaritica‘l = a1 H G S FLE SR HE IS
HANOI NATIONAL UNIVERSITY OF EDUCATION
TriStar 3000 VE.07 A Unit 1 Part 1 Sarial # 2125 Page 25
Sampla: RS
Operator: LvK

Submitter: Bich-DH Dong Thap
File: GAWINI0OMDATANZ021\002-857. SMP

Started: 1118/2021 4:33:58PM Analysis Adsorplive: N2
Completed: 1118/2021 8:08:41PM Analysis Bath Temp.: 77.350 K
Rapart Timea: 11192021 10:48:42AM Sample Mass: 0.1865 g
Warm Free Space: 6.7340 cm® Enterad Cold Free Space: 21.1885 cm® Entered
Equilibration Interval: 10 s Low Prassura Dose: Mone
Sample Density: 1.000 gicm? Automatic Degas: Mo

Commeants: Mau: RS, Dagas o 2000 wvoi M2 trong 5h. Mau cua Nguyen Mgoc Bich-DH Dong Thap. Ngay 18-11-2021.

Summary Report

Surface Area
Single point surface area at pip® = 0.255173749: 11873 mélg

BET Swrface Area: 12775 mélg
i-Plot Micropare Area: 06672 mélg
i-Plot Exfernal Swrface Area: 0.6103 mélg

BJH Adsorplion cumulative surface area of pores
betwean 1.7000 nm and 300.0000 nm width: 0.7848 mé/g

BJH Desorption curmulative surface area of pores
betwean 1. 7000 nm and 300.0000 nm width: 0.8043 mé/g

Pore Valume
t-Plaot micropore volume: 0.000281 cmg

BJH Adsorption cumulativa valume af pores
betwean 1_7000 nm and 300.0000 nm width: 0.006015 emg

BJH Desorption cumulative walume of pares
batwean 17000 nm and 3000000 nm width: 0004356 cmiig

Pare Size
B.JH Adsorption average pora widih [(4V/A): 30,6580 nm

BJH Desarphon average pora width (4V/A): 21.6463 nm



Phu lyc 22. Két qua do dién tich bé mat riéng cua mau BCZn

[Mj micromeritics"
HANOI NATIONAL UNIVERSITY OF EDUCATION

TriStar 3000 V&.07 A Unit 1 Port 1 Sarial # 2125 Paga 25

Sample: BC
Operator: LvK
Submittar: Bich-DH Dong Thap
File: CAWINIOOO\DATAZ021\002-948 SMP

Started: 11/16/2021 6:40:53PM Analysis Adsorplive: N2
Comgplated: 1117/2021 11:03:03AM Analysis Bath Temp.: 77.350 K
Report Tima: 11/17/2021 12:1826PM Sample Mass: 02012 g
Warm Free Space: 6.6408 cm? Measured Cold Free Space: 20.7106 e Measured
Equilibration Interval: 10 & Low Prassure Dose: MNong
Sample Density: 1.000 glem? Autormatic Degas: No

Comments: Mau: BC. Dagas o 200G voi N2 trong 5h. Mau cua Nguyen Ngoc Bich-DH Dong Thap. Mgay 16-11-2021.

Summary Report

Surface Area
Single point surface area at pip® = 0.248372795: 7.4882 malg

BET Surface Area: 7.9594 mafg
1-Plot Micropore Area: 0.8200 malg
t-Plot External Surface Area: 7.1394 malg

BJH Adsorption cumulative surface area of pores
betwean 1.7000 nm and 300.0000 nm width: 71702 m3fg

BJH Desorplion cumulative surface area of poras
betwesan 1.7000 nm and 300.0000 nm width: 1189712 m@g

Pore Valume
t-Plat micropora volumea: 0.000186 cmdfg

BJH Adsorption cumulative volume of poras
betwean 1.7000 nm and 300.0000 nm width: 0054626 emifg

B.JH Desorption cumulative volume of poras
betwesan 1.7000 nm and 300.0000 nm width: 0.051354 em?fg

Pore Size
BJH Adsorption average pore width (4W/A): 30.4737 nm

BJH Desorplion average pore width (4WWA): 17.1593 nm



Phu lyc 23. Két qua do dién tich bé mat riéng caa mau MC-1.0

[[@j micromeritics"
HANOI NATIONAL UNIVERSITY OF EDUCATION
TriStar 3000 V6.07 A Unit 1 Port2 Serial #: 2125 Page 22

Sample: MC
Operator: LvK
Submitter: Bich-DH Dong Thap
File: CAWINI0OMDATA2021\002-949. SMP

Started: 11/16/2021 6:40:59PM Andys‘nkbocpﬁn: N2
Completed: 11/17/2021 11:03.03AM Analysis Bath Tomp.: 77.350 K
Repont Time: 11/17/2021 12:22:20PM Sample Mass: 0.4651 g
Warm Free Space: 7.0891 cm® Measured Cold Free Space: 22.5417 cm® Measured
Equilibration Interval: 10s Low Pressure Dose: None
Sample Density: 1.000 g/lcm?® Automatic Degas: No

Comments: Mau: MC. Degas o 200C voi N2 trong 5h. Mau cua Nguyen Ngoc Bich-DH Dong Thap. Ngay 16-11-2021.

Summary Report

Surface Area
Single point surface area at pfp* = 0.248309446: 165.2814mg

BET Surface Area: 171.4530m¥fg

BJH Adsorption cumulative suriace area of pores
between 1.7000 nm and 300.0000 nm width: 169,0449m¥g

BJH Desorption cumulative surface area of pores
between 1.7000 nm and 300.0000 nm width: 240.2937 mig

Pore Volume

BJH Adsorption cumulative volume of pores
between 1. 7000mnand300w00mmiah 0.145664 cmlg

BJH Desorption cumulative volume of pores
between 1.7000 nm and 300.0000 nm width: 0.153921 cmifg

Pore Size
BJH Adsorption average pore width (4V/A): 5.9629 nm

BJH Desorption average pore width (4V/A): 4.4326 nm



Phu luc 24. Két qua do dién tich bé mat riéng caa mau MC-0
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HANOI NATIONAL UNIVERSITY OF EDUCATION
TriStar 3000 VE.07 A Unit 1 Port 3 Serial #: 2125 Page 25
Sample: Lignin
Opsrator: L

Submitter: Bich-DH Dong
File: CAWINI0OMDATAZO21%002-550. SMP

Started: 11162021 6:40:55PM Analysis Adsorplive: M2
Complsted: 1172021 11:03:03AM Analysis Bath Temp.: 77350 K
Report Time: 11172021 12:24:11PM Sample Mass: 0.0865 g
‘Warm Free Space: 7.1633 cm® Measured Cold Free Space: 22.663% cm? Measured
Equilibration Interval: 10 s Low Pressure Dose: Mone
Sample Density: 1.000 gicm® Automatic Degas: Mo

Comments: Mau: Lignin. Degas o 200C voi M2 trong Sh. Mau cua Mguyen Mgoc Bich-DH Dong Thap. Mgay 16-11-2021.

Summary Report

Surface Area
Single point surface area at plp®* = 0.245354103: 6.1242 milg

BET Surface Area: 66454 miig
t-Plot Micropore Area: 1.9384 milg
1-Plot External Surface Area: 4. 7070 mélg

B.JH Adsosption cumulative surface area of pores
between 1.7000 nm and 300.0000 nm width: 4. 7146 milg

BJH Desoiption cumulative surface area of pores
between 1.7000 nm and 300.0000 nm width: 55569 mdig

Pore Yolume
t-Plot micropore volume: 0.000684 cmdlg

BJH Adsorption cumulative wvolume of pores
between 1.7000 nm and 300.0000 nm width: 0.038547 cmilg

B.H Desorption cumulative wvolume of pores
between 1.7000 nm and 300.0000 nm width: 0.0315971 cmilg

Pore Size
B.JH Adsoption average pore width (4V/A): 330431 nm

BJH Desoaption average pore width (4V/A): 23,0137 nm



Phu luc 25. Két qua do dién tich bé mat riéng caa mau AC

ml rnin:rumeril:il::s'i - ==
HANOI NATIONMAL UNIVERSITY OF EDUCATION
TriStar 3000 VEOT A Unit 1 Port 1 Serial # 2125 Page 25
Sampla: M1
Operator: Lvi

Submitter: Bich-OH DongThap
Fila: CAWINIODMDATAR02A003-060. 5SMP

Started: B242022 4:45:41PM Analysis Adsorptive: M2
Completed: B/25/2022 4:23:56AM Analysis Bath Temp.: 77350 K
Repart Time: B252022 T-07-57AM Sample Mass: 0.0801 g
Warm Free Space: 6.7415 cm® Measured Cold Free Space: 22,1576 cm? Measured
Equilibration Interval: 10s Low Pressure Dose: Mone
Sample Density: 1.000 glem? Automatic Degas: Mo

Comments: Maw: M1. Degas o 2500 voi M2 trong Sh. Mau cua Mguyen Ngoc Bich-OH Dong Thap. Mpay 24-8-2022.

Summary Report

Surface Area
Single point surface area at pfp* = 0.216841276: 2176.3853 mig

BET Surface Area: 2198.3014 mifg
t-Plot Micropore Area: 1708.5705 mifg
t-Plot External Surface Area: 489 7305 miig

B.JH Adsorption cumulative surface area of pores
between 1.7000 nm and 3000000 nm width: 48592042 mifg

BuJH Desoeption cumulative surface area of pores
between 1.7000 nm and 3000000 nm width: 5156602 mifg

Pore Volume
t-Plot micropore volume: 0860783 cmdlg

BJH Adsorption cumulative volume of pores
between 1.7000 nm and 3000000 nm width: 03875583 cmilg

BJH Desorption cumulative volume of pores
between 1.7000 nm and 3000000 nm width: 0338282 cmilg

Pare Size
BJH Adsoption average pore width (4ViA): 3.2508 nm

BJH Desmption average pore width (4V/A): 30873 nm



Phu luc 26. Két qua do dién tich bé mat riéng caa mau ACN-0.03
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HANOI NATIONAL UNIVERSITY OF EDUCATION
TriStar 3000 Ve.07 A Unit 1 Port 1 Serial #: 2125
Sample: ACM
Operator: Lk
Submitter: Humg-DH DongThap
File: CAWINIDDMDATAR022003-019.5MP
Started: A2TI2022 T-19:44PM Analysis Adsorptive: M2
Completed: 4282022 4:44:21PM Analysis Bath Temp.: 77.350 K
Report Time: 4282022 4:26:30PM Sample Mass: 0.1155g
Warm Free Space: 6.7541 cm® Measured Cold Free Space: 2231594 cm? Measured
Eguilibration Interval: 10s Low Pressure Dose: Mone
Sample Density: 1.000 giom? Automatic Degas: Mo

Comments: Maw: ACGN. Degas o 2500 woi M2 trong 5h. Mau cua Hung-DH DongThap. Ngay 27-4-2022.

Summary Report

Swurface Area
Single point surface area &t pdp® = 0.2190591111: 2329.8456 mifg

BET Surface Area: 2360.5313 méfg
t-Plot Micropore Area: 1938.16801 méfg
t-Phot External Surface Area: 4223712 mifg

BEJH Adsorption cumulative surface area of pores
between 1.7000 nm and 3000000 nm width: 4217186 mifg

BJH Desorption cumulative surface area of pores
between 1.7000 nm and 3000000 nm width: 4492108 mifg

Pore Volume
t-Plot micropore volume: 0985404 cmilg

BJH Adsorption cumulative volume of pores
between 1.7000 nm and 300.0000 nm width: 0.354592 cmd/g

BJH Desorption cumulative volume of pores
between 17000 nm and 300.0000 nm width: 0.358516 cm/g

Pore Size
BJH Adsormption average pore width (4ViA): 33833 nm

B.H Desomption average pore width (4ViA): 32013 nm

Page 25
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m min:rumeril:il::s'i - At A L
HANOI NATIONAL UNIVERSITY OF EDUCATION
TriStar 3000 VE.OT A Unit 1 Port 2 Serial & 2125
Sampla: M3
Operator: LviK

Submitter: Bich-OH DongThap
File: CAWINIDDMDATAZ02A003-061. SMP

Started: B242022 4:45:41PM Anglysis Adsorptive: N2
Completed: BI25/2022 4:23:56AM Analysis Bath Temp.: 77.350 K
Report Time: 8252022 T:15:47TAM Sample Mass: 00728 g
Warm Fres Space: 6.2441 cm?* Measured Cold Free Space: 227799 cm? Measured
Equilibration Interval: 105 Low Pressure Dose: Mone
Sample Density: 1.000 glom? Automatic Degas: Mo

Page 25

Comments: Mau: M3. Degas o 250C woi M2 trong Sh. Mau cua Mguyen Mgoc Bich-DH Dong Thap. Mgay 24-8-2022.

Summary Report

Surface Area
Single point surface area at plp* = (L218725412; 2183.1741 mifg

BET Surface Area: 2211.2215 m¥g
t-Plot Micropore Area: 19191669 mifg
t-Plot External Surface Area: 2820546 mifig

BJH Adsorption cumulative surface area of pores
betwean 1.7000 nm and 3000000 nm width: 2821834 miig

BuJH Desorption cumulative surface area of pores
betwean 17000 nm and 3000000 nm width: 3408452 miig

Pore Volume
t-Plot micropore volume: 0.968253 cmilig

BJH Adsorption cumulative volume of pores
between 17000 nm and 3000000 nm width: 0.252051 cmd/g

BJH Desorption cumulative volume of pores
betweean 17000 nm and 300.0000 nm width: 0.277653 cmilg

Pore Size
BJH Adsoption average pore width (4ViIA): 3.4506 nm

BH Desoption average pore width (4ViIA): 3.2588 nm



Phuy luc 28. Két qua do dién tich bé mat riéng caa mau ACN-0.07
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HANOI MATIOMAL UNIVERSITY OF EDUCATION
TriStar 3000 W&.07 A Unit 1 Port 3 Serial & 2125
Samplz: N4
Oiperator: Ly

Submitter: Bich-DH DongThap
Fila: CAWINI0OMDATAZ02AM003-062 SMP

Started: B242022 4:45:41PM Analysis Adsorptive: N2
Completed: B252022 4223:56AM Analysis Bath Temp.: 77.350 K
Report Timea: 82502022 T-19:124M Sample Mass: 0.0884 g
Warm Fres Space: 6.7165 cm® Measured Cold Free Space: 219240 cm? Measured
Equilibration Interval: 103 Low Pressure Dose: Mone
Sample Density: 1.000 glcm? Automatic Degas: Mo

Page 25

Commenis: Mauw: M4. Degas o 2500 woi M2 trong Sh. Mau cua Nguyen Ngoc Bich-DH Dong Thap. MNgay 24-8-2022.

Summary Report

Surface Area
Single point surface area at plp* = L215817255: 2062 2005 mig

BET Suriace Area: 2105.6366 mig
t-Plot Micropore Area: 16792282 mifg
t-Plot External Surface Area: 426.4084 mifg

B.JH Adsorption cumulative surface area of pores
betwean 1.7000 nm and 300.0000 nm width: 426.6740 miig

B.JH Desomption cumulative surface area of pores
between 1.7000 nm and 3000000 nm width: 442 7620 miig

Pore Volume
t-Plot mécropore wolume: 09389326 cmélg

B.JH Adsorption cumulative volume of pores
between 1.7000 nm and 3000000 nm width: 0.321072 cmdlg

BJH Desorption cumulative volume of pores
between 17000 nm and 3000000 nm width: 0.328825 cmdlg

Pore Size
BJH Adsoeption average pore width (4W/A): 3.0100 nmi

B.H Desoption average pore width (4W/A): 2 9806 nmi



Phu luc 29. Két qua do dién tich bé mat riéng cia mau ACNMn-1:0.01
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HANOI HATIONAL UNIVERSITY OF EDUCATION
Serial & 2125

TriStar 3000 V607 A Unit 1 Port 3

Sample: Al
Operator: Lvk
Submitter: Bich-DH DongThap

File: CAWINIDOMDATARO2A003-D68. SMP

Started: B2W2022 T:05:21PM
Completed: B/3N2022 7-27:00AM
Report Time: 83172022 4:00:50PM
‘Warm Free Space: T.0355 cm?® Measured
Equilibration Interval: 10s
Sample Density: 1.000 giom®

Analysis Adsarptive:

Analysis Bath Temp.
Sample Mass

Cold Free Space
Low Pressure Dose

Automatic Degas:

M2

TTAS0K

01381 g

: 23,6007 cm? Measurad
o 3.000 cmfg STP

Mo

Page 25

Comments: Maw: Al. Degas o 250C woi N2 trong Sh. Mau cua Mguyen Mgoc Bich-DH Dong Thap. Mgay 29-8-2022.

Summary Report
Surface Area

Single point surface area at pp* = 0.217595434
BET Suriace Area

t-Plot Micropore Aresa

t-Plot External Suriace Area

BJH Adsomption cumulative surface area of pores
between 17000 nm and 3000000 nm width

BJH Desorption cumulative surface area of pores
between 1.7000 nm and 3000000 nm width

Pare
t-Plot micropore volums

BJH Adsorption cumulative volume of pores
between 1.7000 nm and 3000000 nm width

BJH Desorption cumulative volume of pores
between 1.7000 nm and 3000000 nm width

- 22455101 m¥g
- 2286 0650 m¥g
- 1813.2177 m¥g
- 472.8514 mifg

: 4726846 mifg

1 481.68186 mYfg

Volume
: 1016855 cmdlg

- 0.344075 cmiig

: 0352719 cmdlg

Pore Size

B.JH Adsorption average pore width (4V/IA)

BJH Desorption average pore width (4V/IA)

D 259117 nm

: 28687 nm



Phu Iyc 30. Két qua do dién tich bé mat riéng cia mau ACNMn-1:0.02
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HANOI MATIONAL UNIVERSITY OF EDUCATION
TriStar 3000 V&.07 A Unit 1 Port 1 Serial # 2125 Page 25
Sample: A2
Operator: Lvi

Submitter: Bich-DH DongThap
File: CAWINIDDMDATAZ02A003-065. SMP

Started: B30/2022 4:39:55PM Anglysis Adsorptive: N2
Completed: 8/31/2022 5:10-36AM Analysis Bath Temp.: 77350 K
Report Time: 8/31/2022 4:04:32PM Sample Mass: 006259
‘Warm Free Space: 7.0552 cm® Measured Cold Free Space: 23,1656 cm? Measured
Equilibration Interval: 10 5 Low Pressure Dose: 3.000 cmifg STP
Sample Density: 1.000 glom?® Automatic Degas: Mo

Comments: Maw: A2. Degas o 250C voi M2 trong Sh. Mau cua Mguyen Mgoc Bich-DH Dong Thap. Mgay 30-8-2022.

Summary Report

Surface Area
Single point surfece area at plp® = 0L21482677T8: 223006383 mifg

BET Surface Area: 2277.5685 méfg
t-Plot Micropore Area: 17959053 méfg
t-Plot External Surface Area: 4776632 miig

BJH Adsorption cumulative surface area of pores
between 17000 nm and 3000000 nm width: 4774371 miig

B.JH Desorption cumulative surface area of pores
between 17000 nm and 300 0000 nm width: 45951136 még

Pore Volume
t-Plot micropore volume: 0936676 cmdllg

B.JH Adsorption cumulative volume of pores
between 1.7000 nm and 300 0000 nm width: 0360815 cmdlg

BJH Desorption cumulative volume of pores
between 17000 nm and 300.0000 nm width: 0.371113 cmg

Pore Size
BJH Adsorption average pore width (4V/IAA): 30228 nm

BuH Desomption average pore width (4V/IA): 29742 nm



Phu luc 31. Két qua do dién tich bé mat riéng cua mau ACNMn-1:0.04
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HAMNOI MATIONAL UNIVERSITY OF EDUCATION
TriStar 3000 V.07 A Unit 1 Port 2 Seral # 2125 Page 25
Sampla: A3
Oiperator: Lyl

Submitter: Bich-DH DongThap
Fila: CAWINI0OMDATA202M003-070.5SMP

Started: B30/2022 4:35:55PM Analysis Adsorptive: N2
Completed: B/31/2022 5:10:36AM Analysis Bath Temp.: 77350 K
Report Time: 8/31/2022 4:08:30PM Sample Mass: 0.1137 g
Warm Fres Space: 6.9028 cm® Measured Cold Free Space: 228565 cm? Measured
Equilibration Interval: 105 Low Pressure Dose:  3.000 cmifg STP
Sample Density: 1.000 giom® Automatic Degas: Mo

Commenits: Mauw: A3. Degas o 250C voi M2 trong Sh. Mau cua Nguyen Mgoc Bich-DH Dong Thap. Mgay 30-8-2022.

Summary Report

Surface Area
Single point surface area at pp®* = 0219186104 1796.1318 méfg

BET Suriace Area: 1806.0234 mig
t-Plot Micropore Area: 15026439 méfg
t-Plot External Surface Area: 3033735 milg

BJH Adsoeption cumulative surface area of pores
between 1.7000 nm and 3000000 nm width: 3038087 miig

BH Desorption cumulative surface area of pores
between 1.7000 nm and 3000000 nm width: 3258868 miig

Pore Volume
t-Plot mécropore wolume: 0802802 cmdlg

BJH Adsorption cumulative volume of pores
between 17000 nm and 3000000 nm width: 0241245 cmdlg

BJH Desorption cumulative volume of pores
between 1.7000 nm and 300.0000 nm width: 0.252280 cmdlg

Pore Size
B.JH Adsorption average pore width (4W/A): 31763 nm

BJH Desoption average pore width (4W/A): 30865 nmi



