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Current Status of Plasma Assisted Boronizing Technology
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Table 1. Properties of major boron bearing gases

Gas | B content{wt%) |Melting point(C)Boiling point(T) Remarks Suitabihity
BF, 1595 -127 1 -100 3 High stability X
BCl, 923 -107 3 125 Corrosive o
BBr, 4 32 -43 0 900 Explostve X
reaction with HO
B.Hg 39 08 -165 5 -92 5 Toxic, Explosive X
(CH,),B 19 35 -161 5 -200 Carburizing X
tendency
(C:Hs):B | 11 04 -95 0 950 Carburizing X
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layer on SM45C obtained by the
modified boronizing process, which was
first treated at 650T for lhr and then
treated at 800T for 7hrs, respectively,
in 1.5vol.%BCl-50vol %H.-Ar mixed gas
with 266Pa.
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O An exterior layer of orthorhombic FeB
(a=4 053A, b=5495A, and ¢c=2 946A)
with a hardness ~1900-2100 Kg/mm®

O An adjacent interior layer of body centered
tetragonal Fe,B(a=5 078A and c=4 249A),

with a hardness ~ 1800-2000Kg/mm’

W

ol |

® B
Fe,B O Fe

Fig. 6 Body-centered tetragonal unit cell of
Fe:B:after Hume-Rothery'.
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Table 2. Properties of boron compounds

A sk £EAbele] BA7H A Aot

Thermal
Boride Hardness | Content of Density Melting expansion Crystal
(HV) boron{wt%) pomt{T) | coefficient | structure
(10°deg")
Fe,B 1300~1700 83 139 1390 7 85 tetragonal
FeB 1800~2300 16 23 154 1540 230 orthorhombic
T1B. 2900~3100 3110 4 45 2920 46 hexagonal
ZrB, 2000~2200 19 16 617 3040 59 hexagonal
HfB, 2700~2900 10 8 105 3250 63 hexagonal
VB, 2500~2700 29 8 528 2400 76 hexagonal
NbB. 2300~2500 8 88 6 97 3000 80 hexagonal
TaB. 2300~ 2500 10 67 127 3100 82 hexagonal
CrB; 1900~2100 295 56 2200 105 hexagonal
aMoB 2400~2600 101 83 2250 - tetragonal
aWB 2800~3000 5 56 153 2800 67 hexagonal
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Table 3. Proven applications for borided ferrous materials

AISI BS DIN Applications
- St37 Bushes bolts, nozzles conveyer tube, base
plate, runner, blade, thread guides
1020 - C15(Ck15) Gear drive, pump shafts
1043 - C45 Pins, guide rings, grinding disk, bolts
St50-1 Casting inserts, nozzles, handles
1138 - 45520 Shaft protection sleeves, mandrels
1042 - Ck45 Swirl elements, nozzles(for o1l burners),
rollers, bolts, gate plate
- C45W3 Gate plates
W1 - C60W3 Clamping chucks, guide bars
D3 - X210Cr12 Bushes, press tools, plate, mandrels,
punches, dies
C2 - 115Crv3 Drawing dies, ejectors, guides, insert pins
40CrMnMo7 Gate plates, bending dies
H11 BH11 X38CrMoVh1 Plungers, injection cylinder, sprue
H13 - X40CrMoV51 Orifices, ingot molds, upper and lower dies and
matrices for hot forming disks
H10 - X32CrMoV33 Injection molding dies, fillers, upper and
lower dies and matrices for hot forming
D2 - X155CrVMol121 Threaded rollers, shaping and pressing
rollers, pressing dies and matrices
- - 105WCrb6 Engraving rollers
D6 - X210CrwW12 Straightening rollers
Sl ~BS1 60WCrV7 Press and drawing matrices, mandrels, liners,
dies, necking ring
D2 - X165CrVMol2 Drawing dies, rollers for cold mills
L6 BS224 56NiCrMoV7 Extrusion dies, bolts, casting inserts,
forging dies, drop forges
- - X45NiCrMo4 Embossing dies, pressure pad and dies
02 ~B0O2 90MnCrvs Molds bending dies, press tools, engraving rollers,
bushes, drawing dies, guide bars, disks,
plercing punches
E52100 - 100Cr6 Balls, rollers, guide bars, guides
- - N136 Parts for nonferrous metal casting equipment
- - X50CrMnN1V229 Parts for unmagnetizable tools(heat treatable)
4140 708A42 | 42CrMo4 Press tools and dies, extruder screws,
(En19C) barrels, non-return valves
4150 708A42 | 50CrMo4 Nozzle base plates
| (CDS-15)
4137 ! - 17CrNiMo6 Bevel gears, screw and wheel gears,
‘ ' shafts, chain component
5115 - 16MnCrb Helical gear wheels guide bars, guiding columns
6152 - 50Crv4 Thrust plates. clamping devices, valve spring,
spring contacts
302 - 302825 | X12CrNiMol810 Screw cases, bushes
i (Enb8A)
316 | 316816 | X5CrNiMol810 Perforated or slotted hole screens, parts for
(Enb8J) the textile and rubber industries
- - G-X10CrNiMo189 Valve plug, parts for textile and chemical
industries
410 410821 | X10Crl13 Valve component, fittings
(En56A)
420 420845 | X40Cr13 Valve component, plunger rods, fittings, guides,
(En56D) parts for chemical plants
- - X35CrMol7 Shafts, spindles, valve
Gray and Parts for textile machinery, mandrels,
ductile cast iron molds, sleeves
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