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Tham nito plasma mot cong nghé tién tién, n6 ra doi dé thay thé cong
nghé thim nito thé khi, dugc tién hanh trong méi truong ion hoa &
nhiét d6 thim. Trong bai bao nay, nhom tic gia trinh bay co ché hinh
thanh 16p thdm, qué trinh thdm nito plasma; anh huéng ciia cac thong
sb cong nghé nhu nhiét do tham, thoi gian thim, ty 1¢ khi N,/H, trong
qué trinh thim nito plasma dén cuong d6 mai mon ciia thép 40CrMo.
Ung dung ciia két qua trong viéc lam bén banh rang lip trong may in
Offset 4 mau Daiya.
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Nitriding plasma with advanced technology, it was born to replace
nitrogen gas nitriding technology, which was carried out in an ionizing
environment at permeability. In this paper, the authors present a
mechanism for the formation of permeable layers, plasma nitriding;
Influence of technological parameters such as infiltration temperature,
infiltration time, N,/H, ratio during plasma nitrogen infiltration to the
abrasion strength of 40CrMo steel. Application of the result in gear
endurance in the Daiya 4-color offset printing machine.
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1. GIOI THIEU

Trong nhitng nam dau cua thé ky 20, Adolph Machlet (My) la mét ky su luyén kim lam
viéc tai cong ty Elizabeth, NJ. Ong nhan ra rang, bé mit cua I6p thim cacbon bi bién dang do
thoi gian tham 1au & nhiét do cao va bij lam ngudi cudng birc trong moi trudng nudc hodc dau.
Qua thir nghiém, Machlet sém phat hién ra rang nito khong thé hoa tan trong sat ma chi khuéch
tan vao trong sat. Nito khuéch tan tao ra mot bé mit twong ddi cimg trong sit nguyén chit, thép
hop kim thép va cai thién ddng ké kha ning chdng an mon. Thyc hién duge diéu nay ma khong
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can dén nhiét do cao va khong can lam ngudi cudng birc ma ha nhiét d6 tir tir cting v6i 10 thim
trong khi vin cung cap khi nito vao ngin cach duoc su xdm thyuc cia khi quyén, do d6 lam giam
nguy co bién dang nhung vin tao dugc 16p bé mit chong mai mon, do cimg cao v6i kha ning
chdng dn mon tbt [5, 6].

Thim nito plasma la mgt cong ngh¢ hién dai, cho phép tao 16p thAm trén bé mat chi tiét c6
d6 chéng mai mon, an mon cao va ting tinh chdng moi cho chi tiét. Tham nito plasma dugc tng
dung nhiéu cho cac chi tiét may lam tir thép.

Céc thong sb cong nghé cua qua trinh thAm nhu nhiét d6 thim, thoi gian tham, ty 16 hdn
hop khi,... anh hudng truc tiép dén chat luong 16p thim. Thay d6i mot hay cac bién thong sb
cong nghé, co thé c6 duogc cac ciu trac khac nhau cua 16p nitrit, ddng thoi lién quan dén chiéu
day cac pha nitri ciia mit trong 16p tham,

Trong bai bdo niy, nhom tac gia trinh bay vé& co ché hinh thanh 16p tham, qua trinh tham
va anh hudng ciia mot sb thong sé cong nghé dén cudng d6 mai mon, tng dung két qua trong
viéc chong mai mon cta banh rang ché tao tir thép 40CrMo.

2. VAT LIEU VA THIET BI NGHIEN CUU

2.1. Vit liéu nghién ciru

Thép 40CrMo 1a mot loai thép duoc ding phd bién trong ché tao cac chi tiét chiu tai trong
tinh, va dap cao va chiu mai mon tét.

Thanh phan héa hoc cua thép 40CrMo gém 0,402%C; 0,971%Cr; 0,252%Mo; 0,852%Mn;
0,254%Si; 0,024%P; 0,017%S; 0,0239%Al; 0,0037%Co; 0,0115%Cu; 0,0012%Sn; 0,002%Ti;
0,0071%V; 0,0034%W; 0,0008%Pb; 0,0008%Zn; 0,0003%Zr.

2.2. Thiét bi

Hinh 1. Thiét bi thdm nito plasma Eltropuls
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Trong qua trinh nghién ctru, nhom tac gia sir dung Thiét bi thim nito plasma Eltropuls
H045x080 cua hang ‘ELTRO GmbH (Thiét bi dugc dat tai Phong thi nghi¢m trong di€ém Cong
ngh¢ Han va Xt ly bé mat - Vién Nghién ctru Co khi).

3. CO CHE HINH THANH LOP THAM

Theo Koelbel, cic nguyén tir st tir phiin xa két hop véi cac nito, phan tng trong plasma
ngay ca trong cac khu vuc lan can véi bé mit cuc 4m, tao thanh nitrit sit (FeN) ngung tu trén bé
mit mau (hinh 2).

Céc FeN tao thanh & nhiét d6 tir 350°C + 600°C va phan tach ra dé hinh thanh cic pha 6n
dinh hon (Fe2N, Fe3N, Fe4N) va nito nguyén tir. Mot phan cua nito nguyén tir nay trd lai vao
dong plasma va mot phan khuéch tan vao trong ciu tric tinh thé ctia chit nén tao thanh mot ving
khuéch tan. Qua trinh nay vé co ban 1a do gradient khuéch tan do va cham khong dan hoi theo
thoi gian va dong plasma [1, 2, 3, 4].
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Hinh 2. Co ché hinh thanh 16p nitrit trong qua trinh tham nito plasma

4. QUA TRINH THAM

Thém nito plasma 1 mot cong nghé tham nito tién tién, no ra doi nhu mot phuong an thay
thé ctia cong nghé thdm nito thé khi. Thim nito plasma dugc tién hanh trong méi truong ion hoa
& nhiét d6 thip (khoang 450 + 600°C). Phuong phap nay gitp giai quyét dugc cac nhuge diém
ma phuong phap tham nito thé khi va thé 1ong gap phai. Trén hinh 3 thé hién qua trinh thim nito
plasma va cac khi sir dung trong qué trinh thim; cac khi thuong 1a cac khi tro, an toan cho con
ngudi va thiét bi.

Su khac biét co ban giita thim nito thé khi va tham nito plasma 1a qua trinh tham nito thé
khi phy thudc vao sy phan hity amoniac thanh nito nguyén tir va hydro, trong khi thim nito
plasma sir dung truc tiép nito va hydro. Céng nghé thim nito plasma cho phép diéu chinh dugc
thanh phan nito va hydro vi thé ¢6 thé diéu chinh dugc thanh phan 16p trang (16p hop chat hay
chidu day cac pha & va y°) theo y mong mudn [1, 2, 3, 4].
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Hinh 3. Qua trinh thim nito plasma

5. KET QUA NGHIEN CUU VA THAO LUAN
5.1. Phuong phap nghién ctru thwe nghiém

+ Xay dung bai toan quy hoach thuc nghi¢m

Xéy dung mo hinh hoi quy thuc nghiém vé dbi tuong nghién ctru 14 mot ndi dung co ban
cua phan tich hoi quy, ma trong do s& dan dén mot nhiém vu tat yéu phai giai quyét 1 _dung phan
tich h01 quy dé thiét 1ap mbi quan hé dang cong thirc toan hoc giita cac chi tidu dé ra va cac

thong sé anh hudng [5].

Nhiét @6 thim T (°C) |

twong

Thoi gian thim t (h) >| nghién »| Cudng do mai mon, m (10" g/N.mm)

ciru

Ty 1€ khi nito/hydro a (%)

Hinh 4. M6 hinh hdi quy thyc nghiém

- Phuong phap nghién ctru thuc nghiém don yéu t6:
Ap dung phuong phap nghién ctru thyc nghiém don yéu t6 nham nghién ctru anh huong
riéng cia timg yéu td dén cac thong sb muc tiéu, qua d6 xac dinh duoc mirc bién thién, khoang
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bién thién va mién nghién ciru cta cac yéu té lam co s¢ cho phwong phap nghién ctru thuc
nghiém da yéu t0.

- Phuong phap nghién ctru thyc nghiém da yéu t6:

Ap dung phuong phap nghién ciru thuc nghlem da yeu t6 de nghién ctru anh hudng dong
thoi cua cac yéu td nham tim ra phuwong trinh hdi qui biéu dién mdi quan hé gitra cac yéu tb anh
hudng vé6i cac thong sé ham muc tiéu,lam co s¢ cho viée xac dinh gia tri t6i wru clia cac thong sb.

- Phuong phap nghién ctru tbi uu tong quét:

Ap dung phuong phap t6i uu tong quat 1ap ham mong mubn clia E. C. Harrington dé xéac
dinh gia tri t6i wu chung cua cac yéu to dau vao cho tit ca cac thong sé dau ra, 1am co s cho
viéc hoan thién quy trinh cong ngh¢ nham trién khai ing dung rong rai trong thyc tién san xuat.

- Phuong phap xu ly s6 liéu nghién ctru:

Trong qua trinh tinh todn t6i wu va xir 1y sd liéu thi nghiém duoc, tac gia da tng dung
phin mém Excel, Pascal va Matlab. Pay la nhirng phan mém c6 chirc ning phan tich thi
nghiém, quan 1y, phan tich thong ké co ban, phén tich phuong sai hdi qui va cac sd liéu trong
cac két qua thuc nghiém.

V& cac d thi ta dung phﬁn mém Statistica va Matlab dé v& dd thi thé hién cuc tri ciia ham,
tuong tng 1a cc gia tri tbi uu.

5.2. Phuwong phap xac dinh d) mai mon

Hé sb ma sat va cuong do mai mon dugc tién hanh do trén may TE97 Friction & Wear
Demonstrator do hing Phoenix Tribolog (Anh), st dung phin mém Compend 2000 (hinh 5)
(Phong thi nghiém Coéng nghé¢ cao, Vién Co khi nang luong va mo, Tap doan Than khoang san
Viét Nam - TKV) va trén mot s6 thiét bi nghién ctru khac tai Phong thi nghiém trong diém Cong
nghé Han va Xir Iy bé mat - Vién Nghién ciru co khi.

Hinh 5. May TE97 Friction & Wear Demonstrator (a) va phuong phap thur (b)

Phuong phap do: Pin on Disc (chét trén dia).

Mau gdm c6 thanh tru (chét) c6 kich thuéc @4 x 20mm duoc ché tao tir thép 40CrMo
duoc hoa tdt, thAm nito plasma hoac khong thAm va mot dia co kich thude @50 x 12mm duoc
ché tao tir thép C45, nhiét luyén dat d6 cimg 45 HRC. May c6 thiét bi dé giir ¢ dinh chét theo
phuong vudng goc voi bé mit cua dia. Dia duoc gén vao mdt by phan quay voi cac tdc do khac
nhau, mot b phan cam bién luc dé do lyc ma sat va mot phﬁn mém may tinh cho phép hién thi
cac thong sd, luu trit dit liéu dé phan tich. Cuong d6 mai mon dugc xac dinh trén su hao hut khi
lwong ctia mau sau khi nhap vao chwong trinh cac thong sé cua qué trinh do.
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5.3. Két qua va thao luin

Trén co s¢ khoa hoc, dé lya chon ché do cong nghé thim nito plasma cho thép, tao dugce
mot 16p thim c6 cau trac pha Fe; 3N, ¢6 do clmg cao chong mai mon tot chdng an mon hoa hoc
t6t, nhat 1a 16p thadm c6 Gmg sudt du co loi cho chdng moi cua chi tiét. Str dung plasma lam
nguén nhiét, cho phép thAm & nhiét do thAm dudi nhiét dd ram cua thép, tao dugc truong ion ni
to, khéng ché dugc mat do ion nito thong qua ty 1¢ No/H; [5, 6]

Qua nghién ctru thyc nghiém tng dung cong nghé thdm nito plasma, nhom tac gia chon
trude cac diéu kién t6i uu cho viée hinh thanh plasma, chi thay d6i cac thong s cong nghé thong
thuong 14 nhiét @ tham T, thoi gian thdm t va ty 1¢ khi nito/hydro a [5,6].

Bing viéc nghién ciru khao sat va quy hoach thuc nghiém, di xac dinh quan hé don yéu td
anh huong dé tim ving téi wu, trén co so khoanh ving xir 1y s6 liéu thuc nghiém theo phuong
phép xét anh hudong cta da yéu t6. Nhom tac gia da sir dung Ma tran thi nghiém va két qua thi
nghi¢m theo phuong an quy hoach thuc nghi¢m bac 2 Box - Willson.

Két qua thi nghiém duoc thé hién trong bang.

Bang 1. Anh hudng ciia cac thong sd cong nghé dén cuong d6 mai mon

T Nhét d? thim Thoi gian thim Ty 18 khi N,/H, Cuong qg mai mon
T ('C) t (h) a (%) m (10"2g/N.m)
1 510 8 20 29,90
2 530 8 20 30,40
3 510 16 20 28,70
4 530 16 20 29,70
5 510 8 40 30,00
6 530 8 40 31,60
7 510 16 40 29,10
8 530 16 40 30,80
9 496 12 30 29,60
10 564 12 30 30,10
11 530 5.28 30 30,20
12 530 18.72 30 28,60
13 530 12 13.2 29,50
14 530 12 36.8 31,50
15 530 12 30 28,40
16 530 12 30 28,60
17 530 12 30 29,30
18 530 12 30 28,50
19 530 12 30 28,60
20 530 12 30 28,50

St dung phdn mém Statistica, thong qua cac md hinh 3D, ta xac dinh anh huong cua cac
cap thong s6 cong nghé dén cuong do mai mon (hinh 6, 7, 8).
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Hinh 6. Anh huéng cta cip yéu to nhiét do thim va thoi gian thdm dén cuong do mai mon.
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Hinh 8. Anh huéng cta cip yéu td thoi gian tham va ty 1¢ khi nito/hydro dén cuong d6 mai mon.

St dung md hinh toan cia ham hdi quy dang tong quat, két qua giai bai toan tdi wu téng
quat theo phuong phap E.C.Harrington ta xac dinh duoc gia tri tdi uu cua cac yéu td vao va cac
thong s ra. Két qua tinh toan trén may tinh thong qua cic gia tri thyc nghiém va thong qua cac
d6 thi 3D ta thdy: Khi nhiét d6 thim ndm trong khoang 525 + 545°C, thoi gian thim nam trong
khoang 12 +15h va ty 18 khi nito/hydro nim trong khoang 30 + 40% thi cuong d6 mai mon la
ham cuc tiéu. Tuy thudc vao yéu cau cta san phim ta co thé chi dinh bo thong so thich hop [6].
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Tir két qua nghién ciru cac thong sd anh hudng, nhom tac giai da ung dung vao san phim
thuc té la cac banh rang dugc ché tao tur thép 40CrMo, lap trong may in Offset 4 mau Daiya cua
hang Mitsubishi.

Hinh 9. Banh rang trong lip trong may in Offset 4 mau Hinh 10. May in Offset 4 mau Daiya ctuia hang
Daiya cua hang Mitsubishi Mitsubishi

Banh rang trong may in Offset 4 mau Daiya cua hang Mitsubishi (hinh 7 va 8) co tai Cong
ty TNHH In & Quang céo Truyén thong V1en Dong - Ha Noi lam viéce trong diéu kién bén mon,
may thuong lam viéc lién tuc va can sy On dinh cao trong khi phy ting thay thé khan hiém.
Nhom tac gia phdi hop cting cong ty nghién ctru va ché tao banh ring twong duong va duoc thaim
nito plasma. Véi thoi gian chay thir 1a 10 thang, mdi thang 1am viéc trung binh 26 ngay, mdi
ngay trung binh 18 gio, banh rang ché tao duoc lip, chay thir nghiém, so sanh két qua véi banh
rang cua hang Mitsubishi; Két qua qua cho thiy banh ring duoc ché tao tai Viét Nam dam bao
yéu cau k¥ thuét, chit luong twong duong vdi banh rang nhép khau cua hing Mitsubishi, dap
ung dugc yéu cAu san xuit cua cong ty.

6. KET LUAN

Tham nito plasma 1 mot cong nghé hién dai, cho phép tao 16p thim trén bé mat chi tiét co
d6 chong mai mon, an mon cao va ting tinh chéng moi cho chi tiét. Trong gidi han bai bao nay,
nhom tac gia da:

- Nghién ctru co ché hinh thanh 16p tham nito plasma;

- Anh huéng cua cac thong s6 Nhiét do thim, thoi gian thim, ty 18 khi No/H, dén cuong do
mai mon;

- St dung ma tran thi nghiém va két qua thi nghiém theo phwong an quy hoach thuc
nghiém bac 2 Box - Willson dé x4 dinh cac thong s anh hudng;

- St dung M6 hinh toan ctia ham hdi quy dang tong quét, két qua giai bai toan tdi uu téng
quat theo phuong phap E.C.Harrington ta xac dinh duoc gia tri tdi wu cua cac yéu td vao va cac
thong sb ra;

- Str dung phan mém Statistica, thong qua cadc mo hinh 3D, ta x4ac dinh anh hudng cua cac
cap thong so cong nghé dén cuong d6 mai mon.

Thém nito plasma duoc tng dung nhiéu cho céc chi tiét may lam tir thép. Viéc nghién ctru
va tng dung cong nghé thim nito plasma trén thép 40CrMo di mé ra hudng cong nghé méi, co
tinh irng dung cao tai Viét Nam. Tuy thudc vao yéu cAu thuc té caa chi tiét ta co thé lua chon va
diéu chinh 1 hay nhiéu cap thong s cong nghé dé dat duoc gia tri tot nhat. Vi két qua dat dugc,
c6 thé ap dung cho nhiéu mac thép khac nhau khi tham nito plasma.
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