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a) bot graphit c6 kich ¢& nhé hon 50pm, b) bot graphit c6 kich ¢& 16n hon hoidc bing
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Linh vwe ky thuat dquc dé cap

Sang ché @ cap dén phuong phap san xuét graphen oxit dugc khir tir bot graphit.
Cu thé, graphen oxit dugc khir s& ¢6 cac ung dung trong cac nganh cong nghiép kim loai
bao gdm cac nganh coéng nghiép thép, nhom, thép khong gi, dong, sit, dong hop kim,
titan, coban, vat li€éu compozit kim loai, niken, vi du dud¢i dang 16p pht hoac duéi dang

chat phan tng 1am mat.
Tinh trang ky thuit cia sang ché

Bot graphit 13 san phdm phu dugc tao ra trong quy trinh 1am thép, nhat 13 trong
quy trinh 10 luyén gang hodc quy trinh 1am sét. Thyc vay, bot graphit thudng dugc tao ra
irén b& mat ty do cta sit di dugce 1am néng chay trong qué trinh 1am mét né. Bot graphit
thu duge tir sit dd duoc 1am néng chay & nhiét d6 nim trong khoang tir 1300°C dén
1500°C, duge 1am mat & tbe do 1am mat ndm trong khoang tir 0,40°C/phut dén 25°C/gio
khi duoc vén chuyén trong xe ngu 16i hodc & cac tée @ 1am mat cao hon trong qué trinh
véan chuyén giu. Cong suét cia bot graphit duge san xuit mdi nim & cic nha may thép

dugc mé rong.

Do bot graphit chita mdt lugng 16n cacbon, thudong 1a cao hon 50% khdi lugng, n6d
13 Gmg cir vién tdt dé tao ra vat lidu trén co so graphen. Thong thuong, Vit ligu trén co sé
graphen bao gém: graphen, graphen oxit, graphen oxit dugc khir hoic graphit c6 kich c&

nano.

Graphen oxit duge khir chira mgt hodc mot so 16p graphen cac tam chira mot s6
nhém chirc oxy. Nho cac dic tinh tha vi cia né nhu d6 dan nhiét cao va do dan dién cao,

graphen oxit dugc khi, 1a ky nuéce, c6 nhiéu ing dung nhu néu trén.

Thong thudng, graphen oxit dugc khir duoc téng hop tir bot graphit, san pham

trung gian 1a graphen oxit. Phuong phéap bao gém céc budc sau:

- tng hop graphen oxit tir bot graphit va
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- khir graphen oxit & thu duoc graphen oxit duge khir
Patent KR101109961 d cap dén phuong phép san xuat graphen, bao gdm:
- xtr Iy so bd bot graphit,

- san xuét graphit oxit bing cach oxy hoa bot graphit dd dugc xur Iy so bd bang

dung dich axit;
- s4n xut graphen oxit bang cach tach 16p graphit oxit va
- san xut graphen oxit dugc khir bing cach khir graphen oxit bing chat khtr.

Theo patent Han Quéc, bude xi Iy so bo bot graphit bao gbdm: quy trinh théi rira,
quy trinh tinh ché bang cach sir dung ché phim hoa hoc st dung dé xir Iy so bd va quy
trinh tach bang co hoc (tach theo kich ¢&). Sau quy trinh tinh ché, bot graphit da duqé
tinh ché duoc tach theo kich c&, bot graphit c6 kich ¢& hat 1a c& ludi bang hoic thap hon
40, tirc 12 bing hoac thdp hon 420um, duge duy tri lai dé san xuit graphen oxit.

Tuy nhién, budc xr ly so bd bot graphit bao gdm 2 budc bang cach str dung ché
phém hoa hoc: budc phun rtra va budce xir ly tinh ché. Trong vi du cia KR101109961,
budc phun rira duoc thuc hién bang dung dich nuéc bao gém nudce, axit hydrocloric va
axit nitric. Sau do, quy trinh tinh ché dwgc thuc hién bang ché phim xtr Iy so bd bao gdbm
chét cang hoa, chét loai b sét oxit, chat hoat dong bé mit, chat phén tan polyme anion va
khong ion va nuéc cat. O quy md cong nghiép, hai bude xit Iy héa hoc 1a khé quén ly do
nhiéu hoa chit thai can dugc xur ly va do 4n dinh cua ché phém nhu vay 13 khé Kiém soat.
Ngoai ra, ché phim xir Iy so bd can diéub ché trong thoi gian dai. Vi vdy, ning suit bi
cham lai. Ngoai ra, budc xtt 1y so bd bot graphit bao gdm quy trinh tinh ché bang cach st
dung ché phdm xtr Iy so bo 13 khong than thién véi moi trudong. Cudi cing, trong vi du,
bude khir graphen oxit thanh graphen oxit dwgc khir 13 rét dai do buéc nay dugc thuc
hién trong 24 gio.

Ban chit k§ thuit ciia sing ché
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Muc dich cta sang ché 1a dé xuét phuong phap san xuét graphen oxit dugc khir dé
thuc hién tir bot graphit c6 dd tinh khiét cao. Cu thé, muc dich 1a dé xuét phuong phap

san xuét graphen oxit dugc khir than thién véi moi truong c6 chat lugng tot.

Cu thé, sang ché d& cap dén phuong phap san xudt graphen oxit duge khir tir bot

graphit, bao gdm céc budc sau:
A. diéu ché bot graphit,
B. xit Iy so bd bot graphit nay bao gdm cac céng doan lién tiép sau:
i. sang trong d6 bot graphit dugc phan loai theo kich ¢& nhu sau:
a) bot graphit ¢o kich c¢& nho hon 50um,

b) bot graphit c6 kich c¢& 16n hon hodc béng 50um, phan doan a) bot

graphit cd kich ¢& nhd hon 50um duge loai bo,

ii. tayén ndi véi phan doan b) bot graphit c¢é kich c& 16n hon hoic b‘éng

50um,

iii. ngdm chiét bang axit trong d6 axit duge bd sung dé ty 16 khdi luong

(lwong axit)/(lrong bot graphit) nim trong khoang tir 0,25 dén 1,0,
iv. tuy v, rora va 1am kho bot graphit,

C. oxy hoé bot graphit dd dugc xir 1y so bd thu dugce sau budc B) dé thu dugc

graphen oxit va
D. khir graphen oxit thanh graphen oxit dugc khu.
Cac thuat ngir sau dugc dinh nghia:

- Graphen oxit nghia 12 m6t hozc mot s6 16p graphen chira it nhét 25% khéi luong

nhém chire oxy,

- Graphen oxit dugc khir nghia 1a graphen oxit dugc khir. Graphen oxit dugc khir

chira mot hodc mot sb 16p graphen chira thip hon 25% khdi lugng nhém chirc oxy,
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- Nhém chirc oxy nghia 1a nhom keton, nhém carboxyl, nhdm epoxy va nhom

hydroxyl va

- Budc tuyén ndi nghia 1a quy trinh tach mot cach c6 chon loc bot graphit 1a

nguyén li€u ky nudce so véi nguyén liéu ua nudc.
MG ta vat tat cac hinh vé

Céac dau hiéu va uu diém khac theo sang ché s€ trd nén rd rang tur phadn mo ta chi
tiét sau theo sdng ché. Cac phuong an va cac thir nghi¢m khéc nhau cua céac vi du khong

gidi han pham vi clia sang ché s& dugc mo ta, dic biét 1a dua vao cac hinh vé sau.
Fig.1 thé hién mét vi du vé mot 16p graphen oxit dugc khir theo sang ché.
Fig.2 thé hién mot vi du vé mot s6 16p graphen oxit duge khir theo sang ché.
MO ta chi tiét sang ché

Sang ché dé xuit phuong phép san xuit graphen oxit dugc khit tir bot graphit, bao

gdm cac bude sau:
A. diéu ché bot graphit,
B. xit 1§ so bd bot graphit nay bao gdm cac cong doan lién tiép sau:
i. sang trong d6 bot graphit dugc phan loai theo kich ¢& nhu sau:
a) bot graphit cd kich ¢& nhé hon 50pum,

b) bot graphit c6 kich ¢ 16n hon hodc bang 50um, phan doan a) bot
graphit ¢ kich c¢& nhé hon 50pm dugce loai bd,

ii. tuyén ndi v6i phan doan b) bot graphit c6 kich ¢& 16n hon hodc bang

50pm,

iii. ngdm chiét bing axit trong d6 axit dugc bd sung dé ty 16 khdi luong

(lwong axit)/(lugng bot graphit) nim trong khoang tir 0,25 dén 1,0,

iv. tuy y, rira va lam kho bot graphit,
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C. oxy hod bot graphit da dugc xur Iy so bg thu dugce sau bude B) dé thu duoc

graphen oxit va
D. khtr graphen oxit thanh graphen oxit dugc khur.

Khong giéi han boi ly thuyét bt ky, phuong phap theo sang ché cho phép tao ra
graphen oxit c6 chit luong &t tir bot graphit di dugc xir ly so bd c6 do tinh khiét cao.
Thuc vay, bot graphit thu dugc sau bude B) c6 do tinh khiét bang it nhit 90%. Ngoai ra,
budce xit Iy so bd B) dé thuc hién & quy md cong nghiép va than thién véi méi truong hon

so v6i cac phuong phéap thong thuong.

Tét hon néu, & budc A), bot graphit 13 cin ciia quy trinh 1am thép. Vi du, n6 ¢ thé
dugc tim thiy trong nha may luyén gang, trong nha méy san xudt sit, trong xe ngur 16i va

trong qua trinh van chuyén gau.
3 bude B.i), bude sang c6 thé duge thuc hién bang may sang.

Sau khi sang, phan doan a) bot graphit c6 kich ¢& nhd hon 50um duoc loat bo.
Thyc vay, khong bi giéi han boi ly thuyét bt ky, tin rang bot graphit c6 kich ¢& nhd hon
50um chira mot lugng At nhé graphit, vi du, nho hon 10%.

Tét hon néu, & budc B.ii), budc tuyén ndi duge thuc hién bang chit phan tng
tuyén néi trong dung dich nudc. Vi duy, chit phin tng tuyén ndi 1a chat tuyén ndi dugc
chon trong s6: metyl isobutyl carbinol (MIBC), dau thong, polyglycol, xylenol, S-benzyl-
S’-n-butyl  trithiocarbonat,  S,S’-dimetyl  trithiocarbonat va  S-etyl-S’-metyl
trithiocarbonat. Tét hon néu, budc tuyén ndi dugc thue hién bang cach sir dung dung cu

tuyen noi.

Tét hon néu, & bude B.i), phan doan a) bot graphit cé kich ¢& nhé hon 55um dugc
loai bo va & bude B.ii), phan doan b) bot graphit c6 kich c¢& 16n hon hodc bang 55um. Tt
hon nita néu, & budc B.i), phan doan a) bot graphit cé kich ¢& nho hon 60um duge loai
bd va trong d6 & budc B.ii), phan doan b) bot graphit c6 kich ¢& 16n hon hodc bang
60pm.
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Tét hon néu, trong bude B.i) va B.ii), phan doan b) bot graphit c6 kich ¢& nhé hon
hodc bang 300pm, phan doan bot graphit bét ky ¢6 kich ¢& 16n hon 300um dugc loai bd

trudc bude B.ii).

Tét hon nita néu, trong budc B.i) va B.ii), phan doan b) bot graphit c6 kich ¢& nho
hon hodc bing 275um, phan doan bot graphit bét ky ¢6 kich ¢& 16n hon 275um duge loai

bo trude budc B.ii).

Tét hon néu, trong bude B.i) va B.ii), phan doan b) bot graphit c6 kich ¢& nhé hon
hodic bang 250um, phan doan bot graphit bét ky ¢6 kich ¢& 16n hon 250pum duoc loai bd

trude bude B.ii).

O budce B.iii), ty 16 khdi luong (lrong axit)/(lugng bot graphit) ndm trong khoang
tir 0,25 dn 1,0, tbt hon néu nim trong khoang tir 0,25 dén 0.9, t6t hon nita néu nim trong
khoang tir 0,25 dén 0,8. Vi du, ty 1& (luong axit)/(lugng bot graphit) vé khéi lugng ndm v
trong khoang tir 0,4 dén 1,0, ndm trong khoang tir 0,4 dén 0,9 hodc nam trong khoang tir
0,4 dén 1. Thuc vay, khong gidi han boi Iy thuyét bit ky, néu ty 1¢ (luong axit)/(lugng
bot graphit) thdp hon khoing gi4 tri theo sang ché, ¢6 nguy co 12 bot graphit chira nhiéu
tap chét. Ngoai ra, tin rang néu ty ié (lugng axit)/(luong bot graphit) cao hon khoang gia

tri theo sang ché, c6 nguy co 1a mot lugng 16n hoa chét thai dugc sinh ra.

T6t hon néu, & bude B.iii), axit dugc chon trong so cac thanh phan sau: axit

clorua, axit phosphoric, axit sulfuric, axit nitric hogc hén hop cua chung.

Bot graphit da dugc xir 1y so bo thu dugce sau budc B) ciia phuong phép theo séng
ché ¢6 kich ¢& 16n hon hoic bang 50pm. Bot graphit d3 dugc xit Iy so bd ¢6 do tinh khiét
cao, tirc 12 it nhét bing 90%. Ngoai ra, do két tinh dugc cai thién so véi cac phuong phap
thong thudng cho phép tinh din nhiét va tinh din dién cao hon va vi vay chét lugng cao

hon.

Tét hon néu, bude C) bao gdm céac cong doan sau: i. didu ché hdn hop bao gbm
bot graphit di dugc xir 1y so bd, axit va tuy ¥ natri nitrat, hdn hgp ndy dugc duy tri &
nhiét d6 thdp hon 5°C, ii. bd sung chét oxy hod vio hdn hop thu duge & bude C.i), iii. sau

khi dat dén mirc oxy héa mong mudn, bd sung thanh phan dé ding phan tng oxy ho4, iv.



38083

tuy ¥, tach graphen oxit ra khoi hdn hop thu duge & budce C.iii), v.tuy ¥, rira graphen oxit,
vi. tuy y, lam kho graphen oxit va vii. tach 16p graphen oxit.

Tét hon néu, & bude C.i), axit dugc chon trong sd cac thanh ph?m sau: axit clorua,
axit phosphoric, axit sulfuric, axit nitric hodc hén hop ciia chiing. Theo mot phwong 4n
dugc wu tién, hén hop nay chira bot graphit da dugc xtr ly so b, axit sulfuric va natri
nitrat. Theo mot phuong an duge wu tién khéc, hdn hop nay chira bot graphit da dugc xt

1y so b, axit sulfuric va axit phosphoric.

Tét hon néu, & budce C.ii), chit oxy hoa dugc chon tir natri permanganat (KMnO,),
H,0,, 03, H,S,05, H,SOs, KNO;, NaClO hoic hdn hgp cta chiing. Theo mot phuong an

dugc wu tién, chit oxy hoa 13 natri permanganat.

Sau d6, tbt hon néu, & bude C.iii), thanh phan dugc sit dung dé dimg phan ng
oxy hoa dugc chon tir axit, nudc khdng duge kbir ion, nude duge khtr ion, H,O, hodc hén

hop cta chung.

Theo mot phuong 4n duoc wu tién, khi it nhét hai thanh phan dwoc sir dung dé
dimg phén tng, cac thanh phin nay duoc st dung lan lugt hoic déng thoi. Tét hon néu,
nudc dugce khir ion dugce st dung dé dtng phan tng va sau d6 H,0, dugc st dung dé loai
bé phan con lai cia chit oxy hoi. Theo mdt phuong an dugc wu tién khac, axit
hydrocloric dugc st dung dé dimg phan ung va sau d6 H,0, duge st dung dé loai bo
phﬁn con lai cta chét oxy hoé. Theo mdt phuong an dugc uvu tién khac, H,O, dugc st

dung dé dimg phan img va khir bd phin con lai ctia chit oxy hoa bing phan mg sau:
21(1\/[1104 + H202+ 3HzSO4 = 2MIISO4 +02 + K2SO4 + 4H20

Khong gidi han béi Iy thuyét bat ky, khi thanh phan dé dimg phan tmg dugc bd
sung vao hdn hop ndy, c6 nguy co 1 budc bd sung nay toéa nhiét qua mic dan dén nd
hoidc ban tung tée. Do vay, tdt hon néu, & buéde C.iii), thanh phﬁn dugc st dung dé dimg
phan tmg dugce bd sung chdm vio hén hop thu duge & bude C.ii). Tét hon nita néu, hon
hop thu dugce & bude C.ii) duge bom tir tir vao thanh phan duge sir dung dé dimg phan
tmg oxy hoa. Vi du, hdn hop thu duge & bude C.ii) dugc bom tir tir vao nude duge khir

ion dé dirng phan tmg.
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Tuy ¥ & bude C.iv), graphit oxit duoc tdch khéi hdn hgp thu duge & budce C.iii).

Tt hon néu, graphen oxit duoc tach bing ly tim, bing cach ling gan hoic loc.

Tuy ¥ & bude C.v), graphit oxit duoc rira. Vi du, graphen oxit dugc rira bing thanh
phﬁn duogc chon trong sb: nuéc duge khir ion, nude khong duoc khir ion, axit hoic hdn
hop ciia chung. Vi duy, axit duoc chon trong s cac thanh phan sau: axit clorua, axit

phosphoric, axit sulfuric, nitrit axit hodc hdn hop cia ching.

Theo mdt phuong an duge wu tién, bude C.iv) va budc C.v) duoc thuc hién lan
luot, tic 1a bude C.iv) tiép dé 1a budce C.v). Theo mot phuong an dugce uu tién khéc, bude

C.v) dugc thuc hién trude C.iv).
Vi duy, buée C.iv) va bude C.v) dugc thuc hién it nhét hai 14n doc 14p v6i nhau.

Tu}‘l y 0 budc C.vi), graphit oxit dugce lam kho, vi du, béng khong khi hodc & nhiét

do cao trong di€u kién chan khong.

Tét hon néu, & bude C.vii), bude tach 16p duge thuc hién bing cach sit dung
phwong phap tach 16p bing siéu am hogc nhiét. Tt hon néu, hdn hop thu duge & bude

C.iii) duge tach 16p thanh mot hoic mét sd 16p graphen oxit.

Sau bude C), thu duoc graphen oxit ¢6 chiéu dai trung binh nim trong khoang tir 5
dén 50pm, t6t hon néu ndm trong khoang tir 10 dén 40um va t6t hon nita néu nim trong

khoéng tir 20 dén 35um bao gdm it nhat tAm mot 16p.

Sau d6, tot hon néu, & budce D), graphen oxit dugc khtr mot phé;in hoéc hoan toan
dé thu dugc graphen oxit dugc khtr ¢6 khbi luong ndm trong khoang tir 0,4% dén 25%,

t6t hon nita néu ndm trong khoang tir 1 &n 20% khéi luong ctia nhém oxy.

Tét hon néu, bude D) bao gdm céc cong doan sau: i. khir graphen oxit bing chat
khir, ii. khudy trén hdn hop thu duge & bude D.i), iii. tuy ¥, rira graphen oxit duge khit
va iv. tuy y, lam khé graphen oxit dugc khir.

O bude D.i), tdt hon néu, chit khir duge chon tir axit ascorbic, ure hoic hydrazin
hydrat. Tbt hon nita néu, cht khtr 13 axit ascorbic do axit ascorbic than thién véi méi

truong hon.
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Tét hon néu, & bude D.ii), hdn hop nay dugc duy tri & nhiét d6 nim trong khoang
tir 50 dén 120°C, t6t hon nira néu nam trong khoang tir 60 dén 95°C va t6t hon néu ndm
trong khoang tir 80 dén 95°C. Tét hon néu, buéc khudy tron dwgc thuc hién trong thoi
gian it hon 24 gid, tot hon nita néu trong thoi gian it hon 15 gid va tét nhét néu trong thoi

gian tir 1 dén 10 gio.

Bing cach str dung phwong phép theo sang ché, thu dugc graphen oxit duge khir
c6 chiéu dai trung binh nim trong khoang tir 5 dén 50um, t6t hon néu ndm trong khoang
tir 10 dén 40pum va t6t hon nira néu nim trong khoang tir 20 dén 35um bao gdm it nhét

tAm mot 16p.

Fig.1 thé hién mot vi du vé mot 16p graphen oxit duoc khir theo sang ché. Chidu
dai nghia 12 chidu dai 16n nhét cua 16p qua truc X, do day nghia 13 chiéu cao cia 16p qua

truc X va chiéu rong ctia tim mdng c6 kich c& nano dugc thé hién qua truc Y.

Fig.2 thé hién mét vi du vé mot s§ 16p graphen oxit duge khir theo sang ché.
Chiéu dai nghia 13 chiéu dai 16n nhit cta 16p qua truc X, d6 day nghia 1 chidu cao cua

16p qua truc X va chiéu rdng ctia tam mong c6 kich ¢d nano dugc thé hién qua truc Y.

Graphen oxit dugc khir thu dugc co chét luong tdt do no duogc tao ra tir bot graphit
da duoc xir Iy so bo theo sang ché. Ngoai ra, graphen oxit dugc khir 14 ky nuge, dn dinh

& nhiét do cao, do mat hau hét chirc oxy, dd dan nhiét va dd dan dién cao.

Tét hon néu, graphen oxit dugc khir dugc léng phu 1én thép nén kim loai dé cai

thién mot sO dac tinh nhu d6 bén chong dn mon cia nén kim loai.

Theo mot phuong &4n dugce uu tién khac, graphen oxit dugc khir dugc st dung dé
1am ngudi chat phan tng. Thuc vay, graphen oxit ¢6 thé dugc bd sung vao dich 16ng 1am
mat. Tt hon néu, dich 16ng 1am mat c6 thé dugc chon trong sé: nuéde, etylen glycol,
etanol, diu, metanol, silicon, propylen glycol, chit thom di dugc alkyl hoa, Ga 1dng, In
16ng, Sn 16ng, kali format va hdn hop ciia chiing. Theo phuong 4n nay, dich 1éng 1am mat
dugc st dung dé 1am ngudi nén kim loai. Vi dy, nén kim loai dugc chon trong s6: nhom,

thép khong gi, déng, sét, déng hop kim, titan, coban, vét li€éu compozit kim loai, niken.

Vi du thie hién sang ché

-10-
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Sang ché s& duoc md ta chi tiét hon trong cac thir nghiém dugc thuc hién chi

nhim muc dich minh hoa chtr khéng gi6i han pham vi ctia sang ché.

Bot graphit ciia cac thir nghiém 1 va 2 dugc diéu ché bang cach diéu ché bot
graphit tir nha may san xuét thép. Sau d6, bot graphit dugc sang @& dugc phan loai theo
kich ¢& nhu sau: a) bot graphit cé kich ¢& nhé hon < 63um va b) bot graphit c6 kich c&
16n hon hodc bang 63um, phan doan a) bot graphit c6 kich ¢& nhé hon 63um duge loai
bo.

Déi voi thir nghiém 1, bude tuyén ndi véi phan doan b) bot graphit c¢é kich ¢ 16n
hon hoac béng 63um dugc thuc hién. Bude tuyén ndi duge thuc hién béng thiét bi tuyén

nbi Humboldt Wedag v6i chit tuyén ndi 1a MIBC. Céc diéu kién sau dugc ap dung:
- Thé tich thiét bj tuyén ndi (L): 2,
- Téc @0 réto (vong/phit): 2000,
- Nong d6 chét ran (%),: 5-10,
- Chét tuyén ndi, loai: MIBC,
- Chét tuyén ndi, bd sung (g/T): 40,
- Thoi gian xir ly (gidy): 10 va
- biéu kién moéi truong nude: do pH tu nhién, nhiét do phong.

Sau d6, bot graphit ctia cac thir nghiém 1 va 2 duoc ngém chiét bing axit
hydrocloric trong dung dich nu6e. Sau d6, bot graphit ctia céc thir nghiém duoc rira bing

nudc dugce khir ion va lam kho trong khong khi & nhiét @6 90°C.

Sau d6, cac thir nghiém 1 va 2 dugc tron v6i natri nitrat va axit sulfuric trong bé
nude da. Kali permanganat dugc bd sung tir tir vao bot graphit cia cac thir nghiém 1 va 2.
Sau d6, hdn hop duge chuyén vao bé nude va duy tri & 35°C trong 3 gid dé oxy hoa bot

graphit.

Sau 3 gio, cac thir nghiém dugc bom tir tir vao nudc duge khir ion. Nhiét d6 cia
hdn hop 14 70°C.
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Sau khi ding phan tng oxy hod, nhiét dugc loai bé va khoang 10-15mL H,0,

trong dung dich nuéc duoc bd sung cho dén khi khong c6 khi tao ra va hdn hop duoc

khuéy 10 phut loai bo phén con lai caa H,0,.

Sau d6, cac thir nghiém duoc tach 16p bang cach sir dung phuong phéap siéu 4m dé

thu dugc mdt hodc hai 16p graphen oxit. Graphen oxit ctiia cac thtr nghiém 1 va 2 duogc

tach ra khoi hdn hop nay bang cach ly tdm, duge rira bang nude va 1am kho bing khéng

khi.

Axit L-ascorbic dugc trdn v6i dung dich nuée cua cac thir nghiém 1 va 2. Hén hop

phan tmg dugc khudy & 90°C trong 3 gid dé khir cac tAm graphen oxit.

Sau @6, graphen oxit ctia cac thtr nghiém 1 va 2 dugc rira va lam kho dé thu duoc

bdt graphen oxit duge khi.

Graphen oxit ciia thir nghiém 3 13 graphen oxit dugc diéu ché theo phuong phép
ctia patent Han Qudc sé KR101109961 d3 duge boc 16.

Bang 1 thé hién cac két qua thu dugce bing thir nghiém 1 dén 3.

Phuong phap Thir nghiém i* Thit nghiém 2 Thir nghiém 3 (KR101109961)
Nguo‘;g’?ﬁ“a P0C | Nha méy san xuét thép | Nha méy sin xut thép | San phim phy cita nha méy cdn thép
’ Puroc thuc" hl@,n, rgur laiu Puoc thuq hlgzn, ,g1u 12;11 ’ Puoc thye hién bﬁng
Budéce bot graphit cd kich ¢ | bot graphit c6 kich c& Budc . . q A
X . < 13 . RS , dung dich cua HCI va
sang 16m hon hodc bang 16n hon hoac bang phun rua ;
HNO3 trong nuéc
63pm 63um
Quy trinh Puogc thuc hién bang
tinh ché | dung dich da duoc xir ly
. \ bing cach | - so bd bao gdm mubi
X IY Bucgc . R ] " st dung EDTA, Na,SO;, chét
so bd tuyén Puoc thuc hién Khoéng dugc thuc hién s N A £
bot Y budc xur hoat dong bé mat, ghat
aphit lysobd | phan tan polyme anion
grap thanh va khéng ion va nudce
phan cat
Buge | Duocthuchiénbing | Duge thuc hién bing Puoc thyc hién, gift lai
R HC], ty 1€ (luong HCI, ty 1€ (luong o r o
ngam . . Budc tach | bot graphit c6 kich c&
i axit)/(lugng bot axit)/(lugng bot X N
chiét . £ . £ co hoc nhé hon hodc bang c&
axit graphit) theo khoi graphit) theo khoi luéi 40. tie 13 420um
luong bing 0,78 luong bing 1,26 : K
Do tinh khiét cua S
bot graphit da 95,5% 74,9% It nhat bang 90%
duogc xir 1y so bd
Bude czl;%n Puoc thuc hién bﬁng Puoc thuc hién bﬁng Puoc thuc hién bz‘?mg H,SO4 va
oxy hoéa hop nay H,SO,4 va NaNO; H2S0, va NaNO; NaNO;
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B6
sung
chét

oxy hoa

KMnO, KMnO, KMnO,

Thanh
phén dé
ding | Nuéc, tiép d61a HO, | Nudc, tiép d6 1a H,0, Nudc, tiép d6 1a H,0,
phan
img

Tach

16p Phuong phap siéu &m | Phuong phéap siéu 4am Phuong phép siéu &m

Graphen oxit c6 chidu | Graphen oxit ¢ chiéu
dai trung binh nim dai trung binh nim
Graphen oxit trong khoang tir 20 dén | trong khoang tir 20 dén
35um v6i d6 tinh khiét | 35um véi do tinh khiét

Graphen oxit cd kich ¢& trung binh
nim trong khoang tir 12 dén 20,5um
va d6 day trung binh ndm trong
khoang tir 5 dén 120 nm

bang 99,5% bing 99,0%
Dugc thyc hién bang Puoc thuc hién bang Puoc thuc hién béng hydrazin
Budce khr axit ascorbic trong 3 axit ascorbic (NHy)
gio trong 3 gid trong 24 gid

Graphen oxit dugc khir Graphen oxit dugc khir
¢6 chiéu dai trung binh | c6 chiéu dai trung binh

nim trong khoang tir nim trong khoang tir Graphen oxit dugc khir ¢6 kich c&
Graphen oxit dugc | 20 dén 30pum v6i do 20 dén 30um véi do trung binh nim trong khoang 12-
Kkhir tinh khiét bing 99,5% | tinh khiét bing 99,0% | 25um va chiéu day trung binh nam
va d6 day trung binh va d6 day trung binh trong khoang tir 2 d@n 120nm
nim trong khoang tir 1 | nim trong khoang tir 1
dén 6nm dén 6nm

*theo sang ché

Bot graphit d3 dugc xit Iy so bd thu dugc bang thir nghiém 1, tirc 13 bing cach sir
dung phuong phap theo sang ché, c6 d¢ tinh khiét cao hon so vé6i bot graphit ctia cac thir
nghiém 2 va 3. Ngoai ra, phuong phap cia thir nghiém 1 thén thién v6éi moi truong hon
so v6i phuong phap duoc st dung ddi véi thir nghiém 3. Cubi ciing, graphen oxit dugc

khtr thu dugc béng thtr nghiém 1 ¢6 dg tinh khiét va chét lugng cao.
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YEU CAU BAO HOQ
1. Phuong phap san xuét graphen oxit dugc khir tir bot graphit, bao gbm céac budc sau:
A. diéu ché bot graphit,
B. xir Iy so bd bot graphit nay bao gdm cac cong doan lién tiép sau:
1. sang trong d6 bot graphit dugc phén loai theo kich c& nhu sau:
a) bot graphit c6 kich ¢& nhé hon 50um,

b) bot graphit ¢6 kich ¢ 16n hon hodc bing 50pum, phan doan a) bot
graphit c6 kich ¢& nhé hon 50pm dugce loai bd,

ii. tuvén ndi véi phan doan b) bot graphit cé kich ¢& 16n hon hoic bing

50um,

iii. ngdm chiét bing axit trong d6 axit dugc bd sung dé ty 1& khéi luong

{lwong axit)/(lugng bot graphit) nim trong khoang tir 0,25 dén 1,0,
iv. tuy v, rira va lam kho bot graphit,

C. oxy hoa bot graphit di duoc xir Iy so bd thu duge san buéc B) dé thu duoc

graphen oxit va
D. khir graphen oxit thanh graphen oxit dugc khir.

2. Phuong phép theo diém 1, trong d6 & budc B.i), phan doan a) bot graphit c6 kich ¢&
nho hon 55um duogc loai bé va & bude B.ii), phdn doan b) bot graphit c¢6 kich c¢& 16n hon
hozc bang 55um.

3. Phuong phép theo diém 2, trong d6 & budc B.i), phan doan a) bot graphit cé kich c&
nho hon 60pm dugce loai bo va trong d6 & bude B.ii), phan doan b) bot graphit c6 kich c&

16n hon hozc bang 60pum.
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4. Phuong phép theo diém 3, trong dé trong budce B.i) va B.ii), phan doan b) bot graphit
c6 kich ¢& nho hon hodc bang 300um, phin doan bot graphit bat ky c¢6 kich ¢ 16n hon

300um dugc loai béd trude budce B.ii)

5. Phuong phap theo diém 4, trong d6 trong budc B.i) va B.ii), phan doan b) bot graphit
c6 kich ¢& nho hon hodc bang 275um, phan doan bot graphit bat ky c¢6 kich c¢& 16n hon -

275um dugc loai bo trude bude B.ii)

6. Phuong phap theo diém 3, trong do6 trong budc B.i) va B.ii), phan doan b) bot graphit
c¢6 kich ¢& nho hon hosc bang 250pum, phan doan bot graphit bat ky c¢é kich c& 16n hon

250pum duogc loai bé trude bude B.ii).

7. Phuong phép theo diém bat ky trong s6 cac diém tir 1 d&én 6, trong d6 trong budc B.iii),

ty 1€ luong axit/lugng bot graphit theo khéi lugng nam trong khoang tir 0,25 dén 0,9.

8. Phuong phép theo diém 7, trong d6 trong budc B.iii), ty 16 lugng axit/luong bot graphit
theo khéi luong nim trong khoang tir 0,25 dén 0,8.

9. Phuong phap theo diém bét ky trong sb cac diém tir 1 dén 8, trong d6 trong bude B.iii),
axit dugc chon trong sb céc thanh phﬁn sau: axit clorua, axit phosphoric, axit sulfuric,

axit nitric hogc hdn hop ctia ching.

10. Phuong phép theo diém bét ky trong sd cac diém tir 1 dén 9, trong d6 bude C) bao
gdm céc cong doan sau: i. diéu ché hdn hop bao gdbm bot graphit di dwoc xir 1y so bd,
axit va tuy ¥ natri nitrat, hdn hop nay dugc duy tri & nhiét d6 thip hon 5°C, ii. bd sung
chat oxy hod vio hdn hop thu dugc & bude C.i), iii. sau khi dat dén mirc oxy héa mong
mudn, bd sung thanh phin dé dimg phan tng oxy hoa, iv. tuy ¥, tich graphen oxit ra khoi
hdn hop thu duge & bude C.iii), v.tuy v, rira graphen oxit, vi. tuy ¥, 1am kho graphen oxit

va vii. tach 16p graphen oxit.

11. Phuong phép theo diém 10, trong d6 trong budc C.ii), chit oxy hoa dugc chon tir
natri permanganat, H,O,, O3, H,S,03, H,SOs, KNO3, NaClO hodc hén hop ctia ching.

12. Phuong phép theo diém 10 hodc 11, trong d6 trong bude C.iii), thanh phan dugc sir
dung dé dung phan mg oxy hoa dugc chon tir axit, nudc khong dugce khir ion, nude duge

khtr ion, H,0, hozc hdn hop cia chiing.
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13. Phuong phép theo diém 12, trong d6 khi it nhit hai c4c thanh phan dugc chon dé

dimg phan tng, cic thanh phan nay dugc sir dung lan lugt hodc ddng thoi.

14. Phuong phap theo diém bét ky trong sd cac diém tir 10 dén 13, trong d6 trong budce
C.iii), hdn hop thu dugc & bude C.ii) dugc bom tir tir vao thanh ph?ln dugc str dung dé

dimg phén Umg oxy hoa.

15. Phuong phép theo diém bit ky trong sb cac diém tir 10 d&én 14, trong d6 trong budc
C.vii), budc tach 16p duoc thuc hién bang cach sir dung phuong phap tach 16p bing siéu

am hodc nhiét.

16. Phuong phép theo diém bt ky trong sb cac diém tixr 10 d&én 15, trong d6 trong budc

C.iv), graphen oxit duoc tach bang ly tim, bang cach ling gan hodc loc.

17. Phuong phap theo diém bt ky trong s6 cac diém tir 10 dén 16, trong d6 budce C.iv) va

buée C.v) duoc thure hién it nhét hai 1an doc 1ap véi nhau.

18. Phuong phap theo diém bét ky trong sd cac diém tir 10 dén 17, trong d6 trong budce
C.i), axit dugc chon trong sd cac thanh phén sau: axit clorua, axit phosphoric, axit

sulfuric, axit nitric hodc hdn hop ctia ching.

19. Phuong phép theo diém bat ky trong s6 céc diém tir 1 dén 18, trong d6 trong budc D)
bao gdm céc cong doan sau: i. khir graphen oxit thanh graphen oxit dugc khir bing chét
khir, ii. khudy trén hdn hop thu duge & bude D.i), iii. tuy ¥, rira graphen oxit dugc khir va

1v. tuy y, lam kho graphen oxit dugc khir.

20. Phuong phap theo diém 19, trong dé trong budce D.i), axit dwoc chon tir axit ascorbic,
ure hodc hydrazin hydrat.

21. Phuong phép theo diém 19 hodc 20, trong d6 trong bude D.ii), hdn hop niy duoc duy
trl & nhiét d6 ndm trong khoang tir 50 dén 120°C.

22 Phuong phép theo diém bat ky trong sb cac diém tir 18 dén 21, trong d6 trong budce

D.ii), budc khudy tron duoc thuc hién trong thoi gian it hon 24 gid.
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