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TOM TAT
Chiing t6i bdo cdo viéc ché tao hé phu gia béi tron giam mai mon, ma sdt cho dau béi tron

trén co so vdt liéu graphen bién tinh va hat nano Ag bién tinh. Viéc b sung hé phu gia boi tron
vao dau dong co khong thay doi cdac dac tinh cua dau, tang hiéu qua boi tron do sw giam ma sat
va dan t6i tang cong suat dong co ~5% va 12,2% voi cac dong co thwe nghiém, giam tiéu hao
nhién liéu dat ~10%, giam thiéu khi thai 6 nhiem CyHy>30% va giam do khoi dat 57% tuy thudc
vao ché do lam viéc cua dong co. Cac phép phan tich vat liéu FTIR, TGA, SEM, TEM cho phép
danh gia hiéu qua cua quda trinh tong hop va biéen tinh vdt liéu graphen oxit, nano Ag. Dac tinh
boi tron cua hé phu gia va dau bo sung hé phu gia dwoc danh gia qua tiéu chuan ASTM D2783.
Thir nghiém trén phuong tién van tai diesel 1.25 tan va dong co diezen 1 xylanh S195 danh gia
hiéu qua tang cong suat dong co, giam tiéu hao nhién liéu va khi thdi.
Tur khéa: Graphene; Nano Bac; Phy gia boi tron.

1. MO PAU

Vit liéu graphen c6 cdu trac dang 16p mong [1], cac 16p nay lién két yéu voi nhau bang luc
lién két Van der Waal dan dén chang c6 thé dé dang truot trén nhau [2, 3]. Dya trén dic tinh nay
ma graphen da va dang dugc nghién ciru ing dung lam phu gia giam mai mon, ma sat trong
nham ting hiéu qua boi tron cho dau tir d6 ting hiéu sudt dong co, giam tiéu hao nhién lidu va
giam khi thai tronng qua trinh 1am viéc ciia phuwong tién [3-5]. Tuy nhién, dé cai thién tinh chat
nay cho dau bdi tron, graphene can phai duoc phan tan trong méi trudng hydrocarbon, day la
thanh phan chinh cta dau boi tron. C6 nhiéu phuong phap phén tan graphen trong dau: sir dung
chat hoat dong bé mit [6], bién tinh graphen oxit bing amin, axit béo [7-9].

Vit liéu kim loai ¢6 kich thudc nano ciing cung cap mot hiéu tmg 1ip day do nham bé mit,
tao thanh mdt mang mong vat ly trong qua trinh ma sat va mang méng nay khong chi chiu tadi ma
con phéan tach bé mit kim loai. Cac hat nano c6 thé hoat dong nhu cac lop dém, lan gitra bé mat
ma sat, lam thay ddi tir ma sét truot don thuan gitra hai bé mit kim loai thanh ma sat trugt hdn
hop. D6 mai mon ciia hat nano cimg c6 thé cé tac dung ddnh bong bang cach giam d¢ nham cia
bé mat cha xat. Ngoai ra, mot s6 kim loai mém nhu Cu, Ag, Sn va Au cling dugc stir dung trén
cic bé mit ma sat lam phu gia bdi tron hodc lam mang kim loai mém dé giam hé s6 ma séat do do
bén cit thip cua chung.

Su két hop cua phu gia graphene va nano kim loai trong dau bdi tron ngoai tinh chat giam
mai mon ma sat thi tinh chat dan nhiét ctia dau ciing thay dbi theo hudng c6 loi, dan dén lam
giam nhiét tai diém tiép xtc va didu ndy gop phan ting hiéu qua boi tron ciia diu trong qua trinh
lam viéc.

Bai bai nay tap trung vai nghién ctru ché tao vat liéu graphene va nano Ag bién tinh nhim
tang kha ning phan tan cua vat lidu graphen va nano Ag trong dau khoang. Khao sat kha ning
boi tron va cac tinh ning ctia dau khi bd xung phu gia graphen va nano Ag bién tinh. Trén co s&
d6, thir nghiém danh gia hi€u qua cua phu gia trén dong co cua phuong ti€n van tai trong phong
thi nghiém: ting cong suat, giam tiéu hao nhién liéu va khi thai.
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2. THUC NGHIEM

Hoéa chit sit dung: Graphit dang tim 99,5%, axit H.SO4 98%, dung dich HCI 10%, Octyl
amin, AgNQs;, Oleyamin, oleic axit, n-Hexan, Axeton, C;HsOH. Dau SN600, dau Delo gold
Ultra 15W-40.

Ché tao vit ligu graphen bién tinh: St dung vat liéu graphen oxit tir qua trinh oxy hoa dién
hoa [10], va qua trinh bién tinh bang octyl amin theo tai liéu [11]. San phdm vat liéu graphen
bién tinh — GO- CgH17NH;.

Ché tao vit liéu nano Ag bién tinh: Qua trinh ché tao nano Ag dwoc nhom tién hanh qua hai
bude. Dau tién, mudi bac oleat s& duoc ché tao tir phan tng giira bac nitrat va natri oleat. Sau do,
bac oleat s& dugc khir bang oleylamin dé thu dugc nano Ag bién tinh va kiém soat kich thuéc cac
hat nano Ag), gitp thu duoc san pham c6 kich thudc dong déu hon.

Ché tao bac oleat: Dau tién, dung dich natri oleat duoc chuan
bi bang cach thém 2,8 g (0,01 mol) axit oleic vao 100 mL dung
dich’ NaOH 0,1 M. Dung dich nay duoc néng ‘nhiét 1én 80 °C, e 10
khuay cho dén khi axit oleic tan hét (dung dich dong nhat va trong phie

sudt). Sau d6, 100 mL dung dich AgNO3 0,1 M dugc thém tir tir

vao dung dich trén dudi tac dong cua lyc khudy manh va duy tri

nhiét d6 80 °C. Sau khj toan by luong ’muéi bac nitrat da ,duc_rc

thém vao, dung dich tiép tuc dugc khuay thém 10 phut. K&t tia :

bac oleat duoc tach ra béng cach loc, rira lai 03 1an béng nude cit .

va lam kho & 50 °C trong 4 h. a:i':r‘;ale';ﬂ_:
Ché tgo nano Ag: 0,01 mol bac oleat ché tao tir thi nghiém =33

truge duge hoa tan trong 20 mL axit oleic, ndng nhiét dén 50 °C va

khuay trong 30 phut. Tiép do, oleylamin véi cac ty 1€ khac nhau

(oleylmin/bac oleat lan lwgt 1a 1:1, 2:1, 3:1, 4:1) dwoc thém vao va R ;

khudy tiép trong 30 phat. H3n hop phan tmg sau d6 duoc dua vao HInh 1. S0 do quy trinh che

thiét bi vi song, gia nhiét trong 3 phut & muc ning lugng 800 W. tao nano Ag bien tinh.

Sau qua trinh gia nhiét vi song, etanol dugc thém vao dé giam d6 nhét cia dung dich. Kha
ning pha lodng cia etanol lam cac hat nano Ag dé dang tach ra khéi dung dich cua axit oleic.
San pham sau d6 dugc thu hdi bang cach ly tAm, rira bang etanol vai lan va cudi clng 1a say & 60
°C trong 4 gi®. San phim nano bac dugc phan tan trong dau géc SN500. Quy trinh ché tao nano
Ag bién tinh dugc tom tit nhu & so d6 hinh 1.

Diic tinh ciia vit ligu: Ciu trac pha tinh thé cua graphit, graphen oxit, graphen bién tinh duoc
xac dinh bang phd nhiéu xa tia X (Panalytical X’PERT Pro MRD). Ciu trac hinh thai hoc cia
vat lidu graphen bién tinh, nano Ag bién tinh dugc xac dinh bang cac phuong phap FESEM
(Hitachi S-4800) va TEM (TEM Tecnai G2 20S-TWIN). Pic trung ctia cac nhém chirc bang
phuong phap FTIR (Bruker Optics-TENSOR II). Phd XPS duogc phan tich trén thiét bi quang
phé dién tir tia X (XPS) v6i may do da kénh véi X-Ray 020 400 pm-FG ON. Xac dinh do bén
nhiét ctia vat liéu bang phuong phap phan tich nhiét TGA (NETZSCH STA 409 PC/PG).

Xic dinh cdc tinh chit ciia dau: Xac dinh cac tinh chat ctia dau: d6 nhét dong hoc & 40 °C
va 100 °C (ASTM D445-11); Xac dinh kha ning boi tron ctia cac mau dau bang chi sb “Tai trong
han dinh” (ASTM D2783-03). Thir nghiém trén dong co diezen tai TTNC DPong co, nhién li€u va
khi thai/Truong Pai hoc BK Ha ndi.

3. KET QUA VA THAO LUAN
3.1. Vat liéu graphen bién tinh
Graphen oxit v&i cac nhom chirc -COOH phan tmg truc tiép véi nhom -NH, trén cac phan tir
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alkyl amin theo phan ing sau:
G-COOH + Alkyl-NH; — G-CO-NH-Alkyl + H,0O
Vat liéu graphen b%én tinh (GO- CgH17NH2) st dung cho qua trinh nghién ctru thu nghiém
trén dong co sau khi tong hop theo dugc: phén tich cau trac hinh thai hoc TEM, SEM (hinh 2),
phan tich XPS xac dinh thanh phan N trong mau vt liéu, (hinh 3), danh gia kha nang phan tan
trong dau khoang SN 600 dat 8,9 g/lit (hinh 7).

E(M 1.00um

Hinh 2. Anh chup TEM va SEM ciia mau GO- CgHizNH,.

Hinh anh SEM cua GO- CgH17NH2 dugc tim thdy c6 dang 16p mong voi nhirng nép nhin va
nhiéu khu vuc gap (hinh 2a). Bi€u nay dugc giai thich 1a do viéc gan thém cac nhom Alkyl lén
GO da lam m& rong khoang cach gitra cac 16p cia GO. O d6 phén giai cao anh chuyp TEM (hinh
2b), cac 16p mdng voi cac vung gap cia GO-Amin da dugc quan sat rd hon.
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Hinh 3. Phé phdn tich nguyén té XPS va phé Nls ciia mau GO-CgHizNH,.

Hinh 4. Cdu triic phdn b6 nhém chire alkyl trén GO-CgHizNHs.
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Su hién dién cia nhom amit trong graphen biég tinh da dwoc khéng ,dinh boi su xuat hiéNn trén
ph6 XPS Nls tai ~ 400 eV nhu trong hinh 3. Pho6 phén tich nguyén t6 trén hinh 3 cia mau thé
hién sy c6 mat cua Nito trén san pham graphen bién tinh do do cac thanh phén nito trong GO-
CsH17NH: khang dinh viéc ket hop graphen oxit véi phan tir amin.

Hinh 4 thé‘hién sur cO m§1t ctia cac chudi alkyl déliﬂ tir phan tir alkyl amin, tai céc canh cua GQ—
CgH17NHz, di€u nay tao dicu ki¢n cho sy phén tén on dinh cta phu gia trong dau khoang. Dicu
nay hoan toan khac biét so véi vat li€u graphen oxit khong thé phan tan dugc trong dau khoang.
3.2. Vat liéu nano Ag bién tinh

Nano bac duoc ché tao bang phan ung khir ciia mudi bac v6i amin, trong trudng hop nay 1a
oleylamin trong dung mai la axit oleic. Trong qua trinh nay, axit oleic dong ba vai tré quan trong
la lam dung méi, ciing nhu chat kiém soat kich thude hat va chat bién tinh bé mat.

) Dé x4c dinh thanh phan pha cua san phim, san phdm v&i ty 1¢ oleylamin/bac oleat = 2:1 dugc
lay lam dai dién va phéan tich nhicu xa tia X (hinh 5). Tt gian d6 nhicu xa, c6 thé thay cac dinh
dac trung ctia hat nano bac kim loai & cac goc 26 lan lu~(yt la 38.1°, 44}.30, 64.4°,77.4°, tuong ung
v6i cac mét (111), (200), (220), (311). Cac tin hi€u nhi€u trén gian d6 XRD 1a do thanh phan hitu
co bién tinh tir oleic axit.
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Hinh 5. Gian do XRD cua cdc hat nano Ag Hinh 6. Phdn tich nhiét trong lwong mau
voi ty 1é oleylamin/bac oleat = 2:1. nano Ag vai ty Ié oleylamin/bac oleat = 2:1.

Mot dic diém khac dé nhan théy tor gian dd XRD 1a céc dinh c6 chan rat rong, do rong nua
chan dinh FWHM ~ 5°, lam cho cac dinh tai 38.1° va 44.3° bi chéng 1én nhau. BY rong chan
dinh 16n ciing chi ra ring tinh thé c6 kich thu6c rat nhé (nano). St dung cong thirc Debye
Scherrer ddi véi dinh c6 cuong do cao nhat 1a 31.8°, kich thudc tinh thé trung binh tinh toan
duge 1a 3 nm. Két qua trén minh chimg ring ¢ nhiét do cao, oleylamin c¢é thé khir mudi bac
thanh bac kim loai.

Mau nano Ag & diéu kién t6i wu duoc phan tich nhiét trong lugng (hinh 6), véi két qua thé
hién & hinh 6. O khoang nhiét d6 thap, duéi 250 °C, su thay d6i vé khdi lwong 1a khong dang ké.
Viéc khdi lwong miu gan nhu khong thay ddi trong khoang dudi 100 °C (khoang bay hoi cua
nuéc) cho thay mau gan nhu khong chira 4m, ching minh tinh ky nudc cta vat li¢u. Trong khi
d6, & nhiét d cao hon, cac hat nano bién tinh bang axit oleic c¢6 khdi lwong giam manh. Nguyén
nhén chinh cua sy sut glam khoi luong la qua trinh nhiét phan cua cac nhom oleat gan trén nano
Ag & nhiét do cao. Tir gian dd co thé thiy tai 300 °C bat dau xay ra sy phan hiy nhiét caa nhon
ankyl. O trén 600 °C, khdi luong mau ngimg giam, cho thiy nhom oleat di bi nhiét phan hoan
toan. Khéi lugng cudi cung cuia mau 1a 78,8% so véi ban dau, do do, tinh dugc lugng nhém oleat
gan trén cac hat nano Ag chiém khoang 21% khdi lugng ciia san pham.

Do d6 dong déu ciia cac hat co anh huong rit 16n t6i tinh chat cia vat liu, dic biét 1a cac vat
liéu nano, hinh thai hoc ciing nhu kich thudc cua cac hat nano Ag can phai duoc nghién ctru chi
tiét. Bang viéc thay dbi ty 1 chét khir, nano Ag téng hop tir cac ndng do oleylamin khac nhau
dugc chup bang hién vi dién tir quét SEM (hinh 7).
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IMS-NKL 5.0KV 4.4mm x300k SE(M) TN oonm IMS-NKL 5.0kV 4.5mm x300k SE(M)

IMS-NKL 5.0kV 4.6mm x200k SE(M)

Hinh 7. Anh SEM ciia AgNPs 6 cdc ty 1é oleylamin/bac oleate: (8) 1:1, (b) 2:1, (c) 3:1, (d) 4:1.

Khi sir dung ty 1& bang nhau cia bac oleat va oleylmin, mudi bac bi khir tuy nhién khong
hoan toan, diéu ndy c6 thé nhan thay trén hinh 7a. Két qua SEM cho thay san pham khong dong
nhit vé ca kich thudc va thanh phan (mot s hat sang hon cac hat khac trén anh, ddy co thé 1 cac
hat bac do bac dan dién nén hién r hon trén anh SEM), chi ra ring bac oleat chwa phan tGng hét.
Mau trong d6 luong oleylamin gap d6i mudi bac cho két qua tot nhét (hinh 7b). Co thé thay nano
Ag tao thanh dong nhét vé hinh dang va kich thudc, v61 do phan b c& hat rat hep trong khoang 3
- 4 nm. Piéu nay dong thudn v6i két qua kich thu6c hat trung binh tinh toan dugce tir gian dod
nhiéu xa tia X. C6 thé thay la ngoai tac dung lam dung méi, axit oleic da lam tit vai trd 14 chat
kiém soat kich thudc hat. Cac hat tao thanh véi ty 1€ chat khir cao hon thi khong df”)ng nhat (hinh
7¢, d). Ty 1é oleylamin str dung cang nhiéu thi su khong dong nhét ctia cac hat nano Ag tao thanh
cang rd rang. Khi lugng chat khir ting 1én, cac hat c6 kich thudc ting dan ciing nhu do phan bd
c0 hat cang 16n.

Hinh 8. Anh chup mau phdn tan graphen bién tinh trong dau SN600
va nano Ag bién tinh trong dau SN600.
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3.3. Panh gia hiéu qua boi tron ciia phu gia graphen, nano Ag bién tinh
Danh gia anh hudng cua phu gia graphen bién tinh amin dén hiéu qua giam mai mon khi phan
tan trong dau SN600. Cac mau dau phg phu gia v6i ham lugng khac nhay, sau do, tién hanh xép
dinh tai trong han dinh theo ti€u chuan ASTM D 2783-03(09). Cac mau phu gia phan tan tot
trong dau goc. Két qua dugc thé hién trong bang 1.
Bdang 1. Tai trong han dinh ciia mau dau SN600 cé pha phu gia GO- CgHizNHs.

T Ky hi¢u Ham lugng phu gia, Tai trong han dinh, Hiéu qua giam mai mon,

mau g/l Kg %

1 SN 600 0.0 160 -

2 V-05 0.1 165 3.12

3 V-06 0.15 174 8.75

4 V-07 0.20 182 13.75

5 V-08 0.25 186 16.25

6 V-09 0.30 183 14.37

Hiéu qua giam mai mon ciia dau cé pha phu gia dugc thé hién bang gia tri tai trong han dinh
tang 1én so voi mau dau khong c6 pha phu gia. Tl bang 1 nhan thiy, sy ting dan tai trong han
dinh ctia cac mau dau khi ting ham luong phu gia GO- CgH17NH: phan tan trong dau gbc SN600
va dat gid tri cyc dai tai ham lugng phu gia 0.25 g/lit. Diéu nay duoc giai thich la do cac phan tur
GO- CgH17NH: che phu 1€n trén phan bé mat kim loai ma xat dan dén tranh tiép xtc truc tiép
giita hai bé mat kim loai véi nhau va cac ciu tric 16p lién két yeu cua GO- CgH17NH; truot trén
nhau din dén giam mai mon, ma sat. Ngoai ra, ngudn cung cap lién tuc cua nhirng nanosheets
trén bé mat tlep xuc, do su phén tan 6n dinh cua GO- CegH17NHz trong dau bdi tron, tranh duogc
tiép xuc truc tiép glua cac bé mit kim loai cling gop phan cai thién cac tinh chét giam mai mon,
ma sat. Diéu nay giai thich do khi ting nong do qua murc gidi han dan dén sy co cum va mét di
ciu tric dang 16p cua phu gia GO- CgHi7NH2, va mirc d6 co cum nay ciing dan dén sy tach pha
ctia phu gia trong dau vi thé 1am giam kha ning chéng mai mon (tai trong han dinh giam) cta
phu gia.

Pé danh gia anh hudng cua phu gia nano Ag blen tinh dén kha ning bdi tron ciia hdn hop phan
tan graphen bién tinh trong dau gbc khoang. Tién hanh viéc bd sung phu gia nano Ag bién tinh
vao hdn hop dau phén tan graphen bién tinh voi ham luong 0.25 g/lit, day 1a gia tri ham luong tbi
vu da dugc khao sat & trén va sau do tién hanh do tai trong han dinh ciia mau dau + phu gia.

Bdng 2. Tadi trong han dinh ciia mau dau SN600 ¢6 pha phu gia GO-CgH17NH;
va nano Ag bién tinh.

A X Ham luong phu gia Tai trong han dinh, Hiéu qua giam mai
TT | Ky hitumau nano Aigg],pgll ¢ gKg gﬁﬁm% %
1 15W40 0.0 210 -
2 | V-G-C8-Ag-1 0.01 233 10.95
3 | V-G-C8-Ag-2 0.02 240 14.28
4 | V-G-C8-Ag-3 0.03 240 14.28

Tir két qua thir tai trong han dinh trong bang 2 nhan thay: khi b6 sung phu gia nano Ag bién
tinh vao hdn hop miu dau SN600/ GO-CgHi7NH; 0.25 g/lit lam thay ddi tai trong han dinh cua
mau dau hdn hop. Tuy nhién, v6i ham lugng 0.0 va 0.01, 0.02 va 0.03 gia tri tai trong han dinh
khong d6i. Hiéu qua giam mai mon dat 14.28% véi ham luong nano Ag 0.02 g/lit. Diéu nay c6
thé gidi thich do: hat nano Ag bién tinh phan tan trong dau va xen giita cic tim graphene phan
16p, céu tric nhiéu 16p cua graphen nay dam bdo hi¢u qua bdi tron. Co che bdi tron chimg minh
rang sy bdi tron giy ra boi cdu trac 16p cua graphen bién tinh, va su chuyén tir ma sat truot sang
ma sat 1an do sy ¢6 mat ciia nano Ag va hiéu rng tu stra chira do cac hat nano Ag dong gop hiéu
qué vao hiéu suat boi tron ciia hé phu gia (Ag + GO-CsHi7NH,).

290 N.H.Van, N.D. Anh, “Nghién ciru ché tao va dinh gid ... graphen bién tinh va nano kim logi.”




Nghién ciru khoa hoc cong nghé

3.4. Thir nghiém dong co
Tur thanh phan cua h¢ phu gia boi tron PG-I (Graphen bién tinh 0,25 g/l + Nano Ag bién tinh
0.02 g/1), pha vao déau béi tron Caltex Delo Gold Utral 15W-40 va tién hanh phén tich cac chi
tiéu c‘ﬁa‘déu trudce va sau khi thém h§ phu gia. Bo Wdac phan tich mau tai Phong thir nghiém quoc
gia v€ dau md bdi tron Vilas 292. K&t qua dugce thé hién trong bang 3.
Bdng 3. Tinh chat ciia dau Caltex Delo Gold Utral 15W-40 trude va sau khi thém phu gia.

A g ia Phuong phap | Ponvi | Gold Utral | Gold Utral 15W-
STT Tén chi tieu ASTMD | tinh | 15W-40 40 + PG-|
, Nhin bang ] vang, trong | Toi mau, dong
1 Canrq quan mat thuong ddng nhit nhat
2 | Khéi lugng riéng & 20°C 1298-12b | Kgllit 0,8735 0,8741
3 | Do nhot dong hoc & 40°C 445-19 cSt 116,12 117,82
4 | Do nhot dong hoc & 100°C 445-19 cSt 14,77 14,87
5 | Chi s do nhét 2270-10 - 131 130
6 | An mon tam dong 130-19 - 1b 1b
7 | Tri s6 kiém téng 2896-15 mgzo 9,08 -
8 | Nhiét do chop chay cdc kin 93-16 °C 240 235
9 Tinh chong ket xudc 4172-12 Mm 0,5 0,35
10 | Tai trong han dinh 2783-11 N 2100 2400

Qua bang 3 nhan thdy, cac chi tiéu ctia dau sau khi pha thém hé phu gia thay doi khong dang
ké so voi mau dau khong pha hé phu gia. Cac gla tri o nhot, chi s6 do nhot va in mon tim dong
khong d6i. Gia tri nhiét do chdp chay cdc kin giam 5 °C (2% gia tri). Tuy nhién, 2 chi tiéu dic
trung cho hiéu qua bdi tron cua dau khi bd xung phu gia 14 tinh chdng ket xudc giam 30% va tai
trong han dinh ting 14,28%. Diéu nay dugc giai thich 1a do hiéu qua giam mai mon ma sat tir sy
két hop clia graphen bién tinh va nano Ag bién tinh khi b xung vao dau bdi tron.

a) Thir nghiém trén xe Hyundai New Porter 150

Thur nghiém trén xe dong co diezen Huyndai New Porter 150, da van hanh 2366 km. Thu
nghiém do HC, do khoi, ti€éu hao nhi§n ligu tai ché do khong tai the9 tie?u chuan: TCVN
6204:2008. Két qua thir nghiém dugc thé hién trong bang 4, 5 va 6 v61 2 mau dau khong pha phu
gia (NB) va dau co6 bo sung phu gia (PG).

Bing 4. Két qua thir nghiém tai vi tri 100% tay ga.

Ché dé do Vi Tri: 100% tay ga
. . HC | HC by | o

Toc | Toc | Ne Ne o Ge | Ge o o s N
STT| do o |KWN| kw Ts?l/;)lg g/kW | g/kW Gi{;m R%rl] RE)(;TI] Gig)m k‘;?I k‘;?I Gi?m

km/h |vg/ph| B PG hNB | h PG NB | PG NB | PG
1 50 |1200 [24.27|24.41| 0.58| 288.4| 280.5| 2.7| 4 2 50 |96.2 8551112
2 60 |1500 |28.31| 29.8] 5.26| 313.8| 279.7| 10.8] 4 2 50 | 824|758 | 801
3 70 |1700 |35.03| 35.52| 1.40| 276.8| 266.8] 3.6/ 4 2 50 |95.1|84.9 ] 10.73
4 80 |1950 [40.16| 40.62| 1.15| 278.3| 271.6] 24| 4 3 25 | 100 | 86.5 | 13.50
5 90 |2200 |45.22| 45.54] 0.71] 277.3/ 2726/ 17| 4 3 25 | 100 | 92.1 | 7.90

Tir két qua trong bangl nhén thdy khi st dung dau c6 bo sung phu gia bdi tron PG-I, & ché d6
100% tay ga: cong suit dong co tang 16n nhit 5 ,2% tai tbc d6 1500 vg/ph va do giam mirc tiéu
hao nhién liéu ciing dat gi4 tri 16n nhét 10,8% tai toc do nay. Giam ham lwong HC trong khi thai
dat 50% va d6 khoi giam tir 7.9% dén 13,5% Diéu nay co thé giai thich 1a do khi bd sung thém
phu gia vao dau da cai thién hiéu qua bdi tron cta diu din dén ting cong suit va giam muc tiéu
hao nhién liéu.
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Bing 5. Két qua thir nghiém tai ché dé khong tdi.

Ché dj do Khong tii
Toc dd
Tr| Khongeit | Gl | Gl | % | |r_r|1(\:/ol)( Ir_lnc\:/ol) % | Do khéi| Pokhéi | %
dong co |(g/h) NB|(g/h) PG| Giam ppNB pppG Giam | (%) NB | (%) PG | Giam
(vong/phut)
1 750 | 635.04 | 544.32 | 14.29 2 0 100 | 07 03 |57.14

Trong ché d6 thir nghiém khong tai tai tbc do 750 vong/pht thi tiéu hao nhién liéu giam
14,29%, ham lugng HC trong khi thai giam 100% va d6 khoi giam 57,14%.
Bdng 6. Két qua thir nghiém tai tqi téc do dat mé men 1ém nhat 80 (km/h).

Ché d$ do Vi Tri: Téc dj dat mé men Ién nhét 80 (km/h)
HC
Lwe | G nl | G.nl HC P khoi | P9 khoéi

Tai | Ne : - = % (ppm | % : : %

STT| , phanh| (g/h) | (g/h) .. |(ppmVol) .. |(OPAC)|(OPAQC)| ..
% | (KW) (N) NB PG Giam NB \gg) Giam NB PG Giam
1 | 15 | 6.36 | 290 |611.36 | 605.27 | 1.00 0 0 0 0.9 0.7 |22.22
2 | 25 | 10.1 | 450 |475.12 | 464.99 | 2.13 0 0 15 1.2 | 20.00
3 | 50 | 20.1 | 920 |345.03 | 332.30 | 3.69 0 0 0 3.4 2.6 |2353
4 | 70 | 31.2 | 1370 |287.33 | 283.43 | 1.36 4 3 25 1.3 1.3 | 0.00

Trong ché do thf; nghiém tai tdc do dat moé men 16n nhét 80 km/h, thay ddi tai khac nhau cling
nhan tl}ét su thay doi giam tiéu hao nhién li€u trong khoang 1% dén 3%, giam do khoi dat gia tri
16n nhat 23,53% tai vi tri 50% tai.

Tir cac két qua trén nhén thdy hiéu qua cia viéc st dung phu gia khi ‘b(;) sung vao dau boi tron
da tang cong suat, giam ti€u hao nhién li€u va gidm thiéu cac thanh phan HC, d¢ khoi trong khi
thai dong co.

b) Thit nghiém trén dong co diesel mot xy lanh S195

Bang 7 chi ra két qua thu nghiém dbi voi dong co diesel mot xy lanh S195 sir dung dau boi
tron thuong mai va dau boi tron pha phu gia PG-I.

Bing 7. Két qua thir nghiém tai 100% tay ga trén dong co diesel mét xy lanh S195.

STT Téc do Ne (kW) | Ne (kW) % G_nl (g/kWh) | G_nl (g/kwh) %
(vg/ph) NB PG Téang NB PG Giam
1 1200 7.29 7.93 8.78 412.18 398.02 3.44
2 1400 8.25 9.26 12.24 404.95 384.54 5.04
3 1700 9.8 10.46 6.73 415.10 395.51 4.72
4 2000 10.67 11.56 8.34 421.39 401.40 474

Tir két qua trong bang 7 nhan thiy khi sir dung dau c6 bd sung phu gia boi tron PG-I, & ché
dd 100% tay ga: cong suat dong co ting 16n nhat 12,2% tai toc d6 1400 vg/ph va do giam mirc
tiéu hao nhién liéu cling dat gia tri 16n nhat 5,04 % tai toc do nay. Diéu nay co thé giai thich la do
khi bo sung thém phu gia vao dau da cai thién hiéu qua boi tron ciia dau din dén ting cong suat
va giam muc tiéu hao nhién liéu.
4. KET LUAN

Di ché tao vat lidu graphen bién tinh dang 16p va nano Ag bién tinh c6 kich thudc 3-4 nm c6
kha niang phan tan trong diu khoang. Thiét 1ap ty 1¢ hé phu gia (Graphen bién tinh 0,25g/1 +
Nano Ag bién tinh 0.02 g/l) cho hiéu qua bdi tron ting tai trong han dinh 1én 14,28%, ban kinh
ket xudc giam 30% so véi dau thwong mai Dello gold ultra 15W-40.
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i Két qua thir nghiém trén dong co trong phong thi nghiém nhan thdy hiéu qua cta viéc st dung
dau boi tron dong co khi bd xung thém phu gia bdi tron PG-I:

- Thir nghiém trén xe dong co diesel da van hanh 2366 km: Cong suét ting dat dén 5,2%, mirc
d0 tiéu hao nhién }iéu giam dén 14% 461 voi dong co diesel, muc d6 giam HC dat 50%, do khoi
> 25% tuy vao ché d¢ 1am viéc cia dong co.

- Thir nghiém trén dong co diesel 1 xy lanh S195: cong suat ting 12.2% mirc do tiéu hao
nhién li€u giam dat 5% tuy thudc vao ché do lam viéc cia dong co.
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ABSTRACT

Study on fabrication and effectiveness evaluation of modified graphene
and metals nanoparticles lubricating additive system

In this paper, we report the fabrication of an anti-wear, anti-friction lubricating
additive system based on modified graphene and modified Ag nanoparticles. The addition
of the lubricating additive system to engine oil does not change the characteristics of the
oil, but increases lubricating efficiency due to reduced friction, and leads to an increase in
engine power ~5% and 12.2% with tested engine, reducing fuel consumption by ~10%,
reducing CxHy pollutant emissions by >30% and reducing smoke by 57% depending on the
working mode of the engine. The effectiveness of the synthesis and modification process of
graphene and Ag nanoparticles were analyzed by FTIR, TGA, SEM, and TEM. The
lubricating properties of the additive system and oil were evaluated according to the
ASTM D2783 standard. The effectiveness of engine power increase, fuel consumption, and
emissions reduction was evaluated by Tested on 1.25-ton diesel transport vehicles and
$195 single-cylinder diesel engines.

Keywords: Graphene; Nano silver; Lubricant additives.
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