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1. PAT VAN DE

Trong linh vuc ché tao may, viéc nang cao gidi han bén, kha ning chéng mai
mon va an mon cua vat liéu 1a rat quan trong, vi nd gitp cho viéc st dung vét li€u
hiéu qua hon, qua d6 lam giém gia’l thanh san pham. Cung véi cac giéi phap vé thiét
ké, cac phuong phap hoa bén bé mit nhu thim cacbon, tham nito (tham N) dugc sur
dung rong rii dé nang cao tudi tho cia chi tiét, trong d6 tham N, tham cacbon-nito
(thAm C-N) nhiét do thip (nho hon nhiét do chuyén bién austenite) 13 phuwong phap
¢6 uu diém noi bat hon ca vé chét lugng 16p thim ciing nhu giam bét cac nguyén
cong phia sau do han ché duoc bién dang va it thay ddi kich thude, chat lugng bé
mit so véi trude khi thAm.

Tham N hodc thdm C-N nhiét d6 thap dya trén nguyén 1y lam bdo hoa bé mat
cta vat liéu bodi nguyén td N, hodc dong thoi C va N; cac nguyén tir s& khuéch tan
sdu vao bé mit tao thanh 16p thim. Theo méi trudng cung cAp nguyén tir N, ¢ thé
chia thim nito thanh thdm thé ran, thé khi, thé 1ong va thé plasma:

(1) Tham nito thé rén sir dung cac hop chat cung cap nito & dang bot, két hop
v6i chat tao keo, d€ hinh thanh 16p pht bén ngoai sau d6 dem nung trong 10;

(2) Tham nito thé khi thong dung hon, dwa trén su phan hay cua khi NH; tao
ra N nguyén tir; tham C-N thé khi c6 nguyén 1y tuong tu, tuy nhién thanh phan khi
¢6 thém cac khi cung cap C, vi du CHa, COo,...

(3) Tham nito thé 1ong thé hé cii st dung dung dich chita CN" (xianua), hiéu
qua thim t6t nhung lai rat doc hai vi thé hau nhu khong con duoc sit dung. Thay vao
d6, cong nghé tham nito sir dung cac hdn hop mudi chira OCN- (xianat) hodc kali
ferrocyanid K4aFe(CN)s duoc st dung rong rdi hon [1]. O trang thai nong chay, qua
trinh hap phu va khuéch tan xay manh hon so véi cac méi truong khac va tham dong
thoi ca nguyén tb nito va cacbon, nén cé thé goi 1a tham C-N. Thoi gian thdm & thé
long duogc rat ngan tir 2 dén 4 1an so véi thim nito thé khi va thim nito plasma [2];

(4) Thiam nito plasma st dung hiéu ung dién tich bat thuong (anormal
discharge glow) dugc tao boi dién trudng ciia ngudn dién cao ap (c& 550 V) trong
chan khong (c& 5 mbar) tao ra hiéu tmg plasma bao trén bé mat chi tiét thAm. Hon
hop khi sir dung thudng gdm N», H, va CHa. Trong dién trudng, cac phan tir khi bi
phan cyc, ion hoa, ting tc rdi ban pha bé mit chi tiét, mot phan nguyén tr N di vao
trong bé mat thép, mot phan N két hop voi nguyén tir Fe (va cac nguyén té hop kim
trong thép) roi lang dong tré lai bé mat thép, qua trinh khuéch tan giup ting chiéu
day 16p tham va hinh thanh 16p khuéch tan. O trén bé mit, nong d6 C va N tiép tuc
tang 1én va hinh thanh 16p tring (compound layer) [3].
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Trén thé gidi nhiéu cong nghé thim C-N thé long da dugc phét trién nhu,
Tenifer, QPQ Tufftride, Melonite, Arcor, Palsonite,... Cac nghién ctru sir dung nhiéu
bién thé mudi thim khac nhau cing véi cic bi quyét vé tai tao xianat va kiém soat
ndng d6 xianua trong bé 1am viéc [4-6].

Cong nghé tham N plasma ra doi sau cong nghé thim thé long, nhung dugc
tap trung nghién ctru kha hoan thién cho cac loai thép két cau, thép khong gi va ca
thép luyén kim bot [7-11].

O Viét Nam, mot s nghién ciru da trinh bay tham C-N thé khi cho thép
18CrMnTi va 20CrMo sir dung hdn hop khi gas cong nghiép [12], thim C-N thé
long cho thép SKD 11, SDK61 sir dung hdn hgp mubdi SisNs, cacbonat va clorua
[13], thdm C-N thé l6ng cho thép 80W18Cr4V, 210Cr12, 12Cr18Nil0Ti, 40Cr va
CT38, si dung hon hop mudi KsFe(CN)s va cacbonat [2]. Nhin chung, s6 lugng
cong bd vé thAm C-N thé long ctia Viét Nam con kha it, viéc ung dung vao thuc té
san xuit con han ché.

Bai bao trinh bay két qua nghién ciru thim C-N thé 16ng nhiét do thap theo
cong nghé QPQ va tham N plasma cho 3 mac thép C50, 30XH3A va 25XoH4BA.
Pay 1a 3 mac thép sir dung pho bién trong co khi ché tao voi do bén ting dan.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Ché tao miu, nhiét luyén va xir Iy bé mat

D6i tuong nghién ciru 1a cac phdi thép rén C50, 30XH3A, 25X,H4BA ¢
duong kinh lan lwot 12 60 mm, 50 mm va 40 mm. Cac mau thu nghiém duoc cit
thanh cac lat mong ¢& 8 mm, dem mai bang gidy nham c6 do nham 120 grit. Thanh
phan hoa hoc cua thép dugc do bang k¥ thuat OES (Optical Emission Spectrum) trén
thiét bi TASMAN G4 tai Trung tim K§ thuat Tiéu chuan Po luong Chat luong 3
theo tiéu chuan ASTM E415-17 [14]. Két qua do dugc thé hién trong bang 1.

Bang 1. Thanh phan hoa hoc cta cac mac thép thir nghiém

Ham lwgng nguyén t6 theo GOST 4543-2016 (% khéi lirgng)

Mic thép
C Si Mn S P Cu Cr Ni W
0,47- 0,6- < <
&0 0,55 | =%% | 09 00450045 - S
027- | 0,17- | 030- | < | < 0,60- | 2,80-
SOXH3A 034 | 037 | 060 | 0025|0025 | 090 | 320 | -
253HBA | 0217 | 0.17- 10,251 < S | qoos | 135 | 40- | 08

028 | 037 | 0,55 | 0,03 | 0,035 165 | 45 | 12

Ham lwgng nguyén t6 do theo ASTM E415-17 (% khdi lwgng)

C50 0,502 | 0,254 | 0,745 | 0,006 | 0,017 | 0,053 | 0,136 | 0,074 | 0,002

30XH3A | 0,236 | 0,289 | 0,353 | 0,012 | 0,015 | 0,011 | 0,841 | 3,08 | 0,008

25X>H4BA | 0,217 | 0,291 | 0,357 | 0,019 | 0,013 | 0,169 | 1,544 | 4,043 | 0,620
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Két qua tai bang 1 cho thiy ty 1& cua cac nguyén t6 hoa hoc trong ca ba loai
thép co ban dap umg theo tiéu chuan GOST 4543-2016, trir ham lwong W ¢ thép
25X>H4BA thap hon so v¢i tiéu chuan khoang 0,18%.

Trude khi nhiét luyén, cac miu thir dugc quét 16p son chdng thoat cacbon
Tinderex. Cac mau thir nghiém sau d6 dugc toi trong dau va ram, nhiét do toi va ram
dugc chon theo tiéu chuan GOST 4543-2016 [15], chi tiét qua trinh nhiét luyén duoc
trinh bay trong bang 2. Thiét bi sir dung 14 10 nung Nabertherm 401 L40/11 (Diic) va
16 ram Selecta Horn TFT (Tay Ban Nha).

Bang 2. Thong s6 qua trinh nhiét luyén

Théng sb Thép CS0 | Thép 30XH3A | 5;:‘}‘1’41’13 A
Nhiét d9 t6i (°C) 840 830 870
Thoi gian giit nhiét (phut) 30 30 30
Moi trudong lam ngudi dau dau dau
Nhiét do ram (°C) 425 530 560
Thoi gian giit nhi¢t (phut) 60 60 60
Moi truong lam ngudi nude nude nudc

Sau nhiét luyén, mau duoc dem mai bing gléy nham c6 d6 nham lan luot 1a
240, 320, 400, 600, 800 va dem xir Iy bé mit - thim C-N theo cong nghé QPQ
Tufftride tai Cong ty TNHH Heat Metal Kawasaki va thim N plasma xung ngan st
dung thiét bi Eltropuls, Vién Nghién ctru Co khi, B Cong thuong. Thong so cong
nghé qua trinh tham C-N duoc thé hién ¢ bang 3, thong s6 qua trinh thdm N plasma
thé hién & bang 4.

Bang 3. Thong sé qua trinh thdm C-N QPQ

L Nhiét @9 | Thoi gian Héa chit
TT | Cac bude °C) (phiit) (% khéi lwong)
1 | Nung néng so bo 400 30 -
z xianat OCN~ 70%, cacbonat
2 | Tham C-N 560 120 CO5>29.9%, SO 0.1%
Sy NaNO3 50%, NaNOz 35%,
3 | Oxihoa 350 30 NaOH 15%
4 | Roa nudc nong 80 +90 3 Nudce sach
5 | Rtta nuéce lanh 3 Nudc sach
6 | Phun cat - 5 Cat oxit nhom
-y NaNOs 50%, NaNO2 35%,
7 | Oxi hoa 350 15 NaOH 15%
8 | Rira nudc nong 80 +90 3 Nudce sach
9 | Rtta nuéce lanh 3 Nudce sach

194 Tap chi Khoa hoc va Céng nghé nhiét ddi, S6 24, 11-2021



Nghién ctru khoa hoc c6ng nghé

Bang 4. Thong s6 qua trinh tham nito plasma

Nhigt | Thoi | Ap | D@ |Khoangl po, | Luu
< . N . A dai cach .~ | lwong khi
Cac buée do gian | suat xung xung ap (V/h)
°C h Pa \%
COT®I®ay | w9 | Y mN
Phun xa 480 0,5 80 75 180 800 | 20 | 2
Tham nito 500 15 280 75 140 530 | 24 | 8

2.2. Thir nghiém phén tich dic tinh 16p thAm

Céac mau thir nghiém sau xtr 1y bé mit duoc phan tich bang cac ky thuat khac
nhau: Phan tich t6 chuc té vi, do dd cting bé mat, phan bo dd clng t€ vi, do dd nham
bé miit.

Mau kim twong duogc chuan bi qua cic bude: Cat miu, dic miu trong bot
bakelit, mai tho, mai tinh, danh bong va tim thyc. Dung dich tim thyc 1a Nital 3%
(dung dich axit nitric trong ethanol véi ty 1& 3% axit). Anh chup t6 chirc té vi mat cit
ngang mau duoc thuc hién trén kinh hién vi kim twong LEICA DMi8M, chiéu day
16p tring cua 16p thim C-N va 16p thdm N dugc xac dinh trén anh chyp st dung
phan mém LAS V4.13 di cung kinh hién vi.

Do cimg bé mit Vickers (tai 1 kg.f) va phan bd do cing té vi theo mit cit ngang
(tai 50 g.f) dugc thuc hién trén thiét bi do do cing HV-1000ZDT. Cac méc thep sur
dung co déc diém 1a khi tam thyc kho phéan biét vé mau sic giira 16p khuéch tan véi
nén, nén viéc xac dinh tong chidu day lop thim bang phuong phap kim ‘tuong it chinh
xac. Vi vay téng chidu day 16p thAm duogc x4c dinh dua trén do phan bd d6 cung té vi
theo mit cit theo tiéu chuan DIN 50190-3 [17]. Theo tiéu chuan nay, do day 16p thdm
dugc xéac dinh bang giao diém cua duong phan bd do cung té vi theo chiéu sau 16p
thdm va dudng nam ngang: y = gid tri dg cing ciia 16i + 50 (don vi HV0,05).

Céc thong §0 chét Iuong bé mit dugc xac du}h theo tiéu chuén ISO 4288-1996
[16] st dung thiét bi Mitutoyo SJ-412 v6i thong s6 do As = 2,5 um, N =5, cut-off =
0,8 mm. Céc thiét bi trén dugc dit tai Phong D9 bén Nhiét déi, Chi nhanh Phia Nam.

3. KET QUA VA BAN LUAN
3.1. Thay ddi cac thong sé chat lwong bé miit

Két qua xac dinh cac thong s6 chat luong bé mit ctia mau thi nghiém trudc va
sau khi thim N, C-N thé hién & bang 5 cho th?iy cac thong s6 Ra, Rg, RSm, Rt va Rz
sau khi thim C-N QPQ déu ting 1én khé rd rét so v6i mau nhiét luyén, trong khi
thAm N plasma lam tang nhe gia tri cac thong sd nay. Su thay dbi vé chét luong bé
mat dbi voi mau tham C-N c¢6 the giai thich do qua trinh &n mon, hép phu va khuéch
tan xay ra lién tuc trén bé mat mau tham trong moi trudng mudi ndng chay. Doi véi
mau thim N plasma, qua trinh phtn xa lam sach bé mat, cac qua trinh hip phy, ling
dong va khuéch tan trong chan khong ciing lam thay d6i d6 nham bé mat, nhung &
muc d6 nhe hon thim thé long.
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Bang 5. Két qua do cic thong s6 chat lugng bé mit

Théng s6 Ra Rq RSm Rt Rz
Thép C50
Nhiét luyén 0,44 0,56 51,71 4,62 3,50
Thim N plasma 0,48 0,62 55,73 4,88 3,78
Tham C-N QPQ 0,51 0,66 75,89 5,31 3,99
Thép 30XH3A
Nhiét luyén 0,27 0,35 89,20 3,09 2,23
Tham N plasma 0,41 0,53 72,64 4,18 3,27
Tham C-N QPQ 0,63 0,81 88,78 5,93 4,53
Thép 25X:H4sBA

Nhiét luyén 0,27 0,35 74,20 2,72 2,11
Thim N plasma 0,27 0,35 67,37 2,67 2,06
Thim C-N QPQ 0,35 0,46 83,49 3,96 2,88

3.2. Té chire té vi

Sau khi nhiét luyén héa tét, t6 chirc nhan dugc ¢ 16i mau thép C50 (hinh 1a,
1b), 30XH3A (hinh lc, 1d) va 25X,H4BA (hinh le, 1f) I mactenxit ram. Céu triic
16p thdm C-N gdm 3 ving: Ldp oxit ngoai cung, tiép theo 1a 16p tring va 16p khuéch
tan ngay dudi 10p tring voi chiéu day 1én hon. Lép oxit tao ra khoang 5 pm voi
thanh phé”m chinh 13 oxit sit FesO4 véi ddc tinh chéng dn mon tot [4, 18, 19]. Theo
quy trinh céng nghé QPQ Tufftride, sau khi thim C-N trong bé mubi nong chay, 16p
oxit tao thanh kha day (co the t61 15 pm) nhung d6 x0p cao, nguoi ta thuong phun
cat bé mat, ddi voi céac chi tiét co hinh dang phuce tap, c6 thé str dung may rung két
hop Vi cat, sau d6 6xi hoa lan thir 2 dé co 16p oxit dong nhat va dd nham bé mat
thap. Lop tréng duoc tao thanh béi cac pha e-Fe-3(N,C) va y'-Fes(N,C), 16p khuéch
tan duoc tao boi pha anc [3]. Co tinh va kha ning chéng dn mon cua bé mit thép
thim nito dugc quyét dinh boi thanh phan va phan bd pha trong 16p tham. Kha ning
chéng an mon ciia pha gidu nito e-Fer3(N, C) dwoc chimg minh 13 t6t hon y'-
Fe4(N,C) va a-Fenc [10, 11].

Céu trac 16p thim N plasma gém 2 ving: Lép trang va 16p khuéch tan. Thanh
phan pha twong tu nhu 16p tring va 16p khuéch tan cua 16p thim C-N. Tuy nhién &
phuong phap thim N plasma, 16p tring méng, it x5p hon va thanh phan cac pha 1a -
Fez3N, y'-FesN va a-Fen [20].

3.3. P§ ctrng bé mit va phan b d cing theo chiéu siu 16p thim

bo ciung bé mit cta cac mau thu nghiém dugc thé hién trong hinh 2a. B§
cting cia mau tham C-N, tham N ting 1én gap khoang 2 1an so v&i mau chi qua nhiét
luyén hoa tdt, tuy nhién hiéu qua ting do cimg cia timg cong nghé 1én cac mac thép
1a khac nhau: D6i véi thép C50, tham C-N QPQ ting do cimg cho thép tét hon tham
N plasma.
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Hinh 1. T6 chirc t€ vi 16p thdm C-N ciia thép: (a) C50, (c) 30XH3A, () 25X.HsBA
va lop tham N plasma cua thép: (b) C50, (d) 30XH3A, (f) 25X>HsBA

Chénh léch d6 cing cua 2 phuong phap nay la 62 HV1; ddi voi 2 mac thép
30XH3Ava 25X,HsBA, d§ cling sau tham N cao hon thim C-N khoang 110 HV1.

Ngoai ra, so v6i thim C-N, tham N ¢6 hiéu qua ting do cimg cho 2 méc thép
hop kim 30XH3A va 25X,HsBA t6t hon: Thdm C-N cho dé ctng bé mit ciia miu
thép 30XH3A va 25X,H4BA lan lugt 1 600, 655 HV 1, trong khi thim N plasma cho
d6 ctng ctia 2 mac thép nay lan luot 1a 717, 761 HV 1.
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Két qua do phan bd d6 cimg theo chiéu sau 16p thim cua timg mau thép dugc
thé hién trong hinh 2b, 2c, 2d. Pudng nim ngang thé hién gia tri trung binh do cimg
ctia 161 mau thir cong thém 50 don vi HVO0,05 (duwong NHT theo DIN 50190-3), quy
wéc mau giéng ctua dudng phan bd do cimg té vi. Doi voi thép C50 (hinh 2b), do
ctng tir bé mit dén khoang 150 pum, 16p thdm C-N QPQ c6 d6 cimg cao hon 16p
thAm N plasma, sau 150 pm, dudng d6 ctng cua 16p thim N plasma & trén. Pbi voi
2 mac thép 30XH3A va 25X,H4BA, d6 cling sau thim N plasma luén cao hon thim
C-N QPQ theo chiéu sau 16p thim. Hinh dang duong phan b d6 cimg sau thim N
plasma co thé giai thich do thoi gian thim N plasma (15 gio) dai hon so véi thoi
gian thdm C-N (2 gid) di gitip qua trinh khuéch tan N vao sau hon va véi nong do
16n hon nén da gop phan lam phan bd do ctmg it bi ddc hon so véi thim C-N QPQ.
Tuy nhién, néu ting thoi gian tham C-N thi nguyén tir C va N van c6 thé khuéch tan
vao sau hon nita va tao 16p thim day hon.
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3.4. Chiéu day 16p thAm

Két qua xac dinh chleu day lop trang dugc xac dinh bang do phuong phap
phén tich anh chyp mat cit duogc thé hién trong bang 6. Chiéu day 16p tring sau khi
tham N plasma & ca ba mac thép déu nhé hon han so v6i thim C-N QPQ. Piéu nay
c6 thé duoc giai thich do tham thé 1ong cung cAp méi truong tham rat giau nito, pha
g-Fex3(N, C), thanh phé”m chinh cua 16p tréng, duoc tao ra voi sb lugng lon hon han
s0 vOi pha g-Fex3N khi tham N plasma. Vi vay, do day 16p trang sau thim C-N thé
long 16n hon qua trinh thim N plasma.

Két qua xéac dinh tong do day 16p tham (16p trang + 16p khuéch tan) dugc thé
hién trong bang 6. Do day 16p thim N plasma 16n hon thim C-N QPQ & thép C50,
30XH3A va 25X,H4BA lan luot 1a 84 pm, 85 um va 75 pm. Tuy nhién néu so sanh
vé thoi gian thi hiéu qua tao 10p thdm cia cong nghé tham C-N QPQ tét hon nhiéu
s0 v6i thdm N plasma: Thoi gian thdm trong bé mudi chi mét 2 gid so véi 15 gid trong
budng chan khong thdm N plasma. Két qua thi nghiém ciing cho thay, chiéu day cua
16p thdm & mau thép C50 16n hon so voi 2 méc thép hop kim con lai, didu nay co thé
duoc giai thich bai cic qua trinh tao nitrit va cacbit voi cac nguyén td hop kim lam
ngin can qua trinh khuéch tan nguyén tir C va N va nhu vy lam giam d6 day 16p tham.

Bang 6. Két qua do chiéu day 16p tham

Xir Iy Chiéu day 16p tring (um) Téng chiéu day 16p thAm (pum)
bemit | 50 | 30XH3A | 25X:HBA | C50 | 30XH3A | 25X:HiBA
Thim C-N | 14,7 14,9 16,6 310 225 235
Thim N 4,3 2,9 2,6 394 310 310
4. KET LUAN

Bai bao trinh béy két qua nghién ctru 16p thdm tao boi cong nghé thim C-N
QPQ va cong ngh¢ thdm N plasma cho 3 mac thép C50, 30XH3A va 25X,H4BA.
Két qua thuc nghiém cho thay:

- Sau khi thAm C-N QPQ va thim N plasma, d6 nham bé mit ciia miu thir
nghi¢m tang Ién, trong d6 tham C-N QPQ tang d0 nham bé mat nhicu hon so véi be
mat dd tham N plasma.

- Do cing bé mit cia thép sau thdm N va thim C-N ting 1én dang ké so véi
mau thép chi qua nhiét luyén: D4i vé6i thép C50, do cimg trong khoang 523+585
HV1, dbi véi thép 30XH3A 600717 HV1, dbi vé6i thép 25X,H4BA 1a 655761
HV1. Tuy nhién, hiéu qua ting do ctng dbi v&i cac mac thép 1a khac nhau. Dbi véi
thép C50, d6 climg sau thim C-N cao hon tham N nhung d6i vé6i thép 30XH3A va
25X>H4BA, d6 cimg sau thAm N cao hon sau thim C-N. Bén canh d6, phan bb do
ctng té vi theo chiéu siu cua 16p thim C-N c6 d6 dbc 16n hon thdm N plasma va gia
tri do cing té vi cling nhdé hon thAm N plasma.
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- Thép cacbon C50 c6 d6 day 16p tham 16n hon thép hop kim 30XH3A,

25X,H4BA nhung d ciang thap hon déng ké so v&i 2 mac thép nay. Thdm N plasma
c6 thé cho 16p tring mong, chiéu sau 16p thim 16n, tuy nhién thoi gian thdm kéo dai.
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SUMMARY
A RESEARCH ON THE LOW-TEMPERATURE NITRIDING
FOR SOME STRUCTURAL STEEL GRADES

This article presents the QPQ low temperature nitrocarburizing and plasma
nitriding technologies for three steel grades C50, 30XH3A and 25X;H4BA. Various
tests were carried out to determine the influence of these technologies on the change
of surface quality parameters, surface hardness, hardness distribution according to
the nitrided layers. In addition, the image of the microstructure and thickness of the
nitrided layers were also investigated. The experimental results confirmed the
possibility to create nitrided layer with improved mechanical properties using
nitriding and nitrocarburizing technologies on all three steel grades.

) Keywords: Nitifocarburizing, plasma nitriding, C50, 30XH3A4, 25X>H4BA,
tham cacbon-nito, tham nito plasma.
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